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Mining is old, dirty, problematic, and we don’t need it, right?
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Climate change and mining
 You all know the previous statement is incorrect
 Mining has been vital to modern life and society for centuries, will remain so 

for the foreseeable future, and is needed to meet the UN SDG and more
 However, comparatively few people acknowledge or even think about this 

(even in countries like Australia or states like Nevada and Colorado with 
significant mining; see protests at mining conferences globally and 
unwillingness of banks and other organizations to deal with “mining”)

 “But mining is dirty and harms the environment and people”… perhaps, but 
mining companies do a better (not perfect) job of environmental assessment, 
cleanup etc. than in the past and are more socially aware – and mining can 
provide communities with benefits

 Meaningful climate change mitigation and limiting CO2 emissions requires 
mining – I’ll show data to back this claim up shortly

 But before we get into that, a brief reminder of why modern society needs 
mining
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Mineral and metal requirements for modern life (metric version)
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Modern technologies have become more mineral intensive
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Modern technologies have become more mineral intensive
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Modern technologies have become more mineral intensive
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Climate change and mining

 Just a few examples of how the things we take for granted as part 
of modern life require metals and minerals

 Minerals and metals are the material basis for modern society –
hence we need mining

 This, combined with increases in population, is the reason we 
currently mine more minerals and metals than at any other time in 
history – underlying trend for the last century plus
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Global Nickel Production

We mine more minerals and metals than ever before - Au
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Global Copper Production

We mine more minerals and metals than ever before - Cu
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Global Nickel Production
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Global Nickel Production

Applies to almost all metals (and doesn’t account for increased recycling)
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Global Nickel Production

Not just totals but per capita (exceptions are Pb, Sn, W)
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OK – so we mine more… does that mean we are running out?

 Not necessarily.
 Although the data are noisy, in 

general reserve/production
ratios (= years left) have been 
fairly steady for the last 30+ 
years.

 Some volatility in minor metals; 
may reflect poorer data rather 
than actual variations

 Exhausted reserves replenished 
by delineation of known but not 
formally quantified
mineralization 
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OK – so we mine more… does that mean we are running out?

 Copper data for 2010 and 
2015; shows resources on 
average increase by 13% 
despite ongoing production

 Indicates that reserves 
generally steady, resources 
increase through brownfield 
expansion

 New discoveries add more 
metal to the mix

 So all good, right?
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 If we have any hope of meeting CO2 emissions targets, we will need 
even more mining than now, and we already mine (and recycle) 
more than ever

 Good target is the IEA 2 degree temperature increase; limits 2015-2100 
energy-related CO2 emissions to 1,000 Gt CO2 equivalent (current 
annual production is 33 Gt/yr, equaling 2,805 Gt for 2015-2100)

 Needs CO2 emissions to decrease by ~60% by 2050 and to decline 
after towards carbon neutrality; means rapid rollout of renewables 
and low- and zero CO2 transport and energy storage

 Increased consumer demand for electric vehicles (EVs) and renewable 
energy makes metal and mineral demand increase also inevitable

 EVs as an example; require more metal than petrol vehicles, and no 
point powering an electric vehicle with electricity generated at a coal-
fired power station; worse than a petrol SUV

So we just mine more to mitigate against climate change, right?
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But I don’t believe in anthropogenic climate change…

 Hopefully that doesn’t apply to this audience but it does apply to some 
people in our society… either way to be blunt it doesn’t matter. Why?

 Firstly, science doesn’t really care what you believe in
 Secondly, we are already shifting to low CO2 energy generation and 

transport
 This is a global movement and trend that will continue and is being 

driven by consumer sentiment and investment funding
 Thirdly, metal mining, processing, green tech and energy development 

and more all involve the production of high value raw materials and have 
the potential to generate a lot of well paid jobs (as shown during the late 
2000s mining boom).

 Let’s have a think about cars as a starting point…
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Petrol vs electric vehicle metal use (also note EVs are heavier)
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Back of the envelope calculation
 Global vehicle production uses around 1 Mt of copper per year, or 5% 

of global copper production; 1% of these new vehicles are electric
 Targets for various countries is to move to all electric vehicle fleets by 

2035-2050 or so.
 Let’s assume the world agrees to go to all electric vehicles by 2060
 Electric vehicles need nearly 4 times as much copper as a petrol 

vehicle; therefore if we go all electric the global car industry will need ~4 
Mt of copper production a year assuming no growth in new vehicle 
demand; 400% increase from now, 20% of global copper 
production…

 Only it’s more, because you need infrastructure to charge vehicles, 
renewable energy sources… and this is just transport and just copper…

 What about energy generation and other sectors?
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Increased demand for metals and mining as a result of green technology - EVs
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Increased demand for metals and mining as a result of green technology - energy
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Demand… note that the central and right columns are from energy tech ALONE
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So where are we going to get this metal from?

 World Bank estimates indicate that >3 billion tons of minerals and 
metals will be needed to deploy wind, solar and geothermal 
power, the transition to EVs, and associated energy storage 
required for achieving a below 2°C future...

 Needs mining, lots of mining… but that’s not the only thing.
 Not easy to rapidly ramp up production of any metal (e.g., Cu, Ni)
 Go back a few slides; there’s a few odd metals on there like 

neodymium, lithium… where do we get these from?
 Whole range of metals like this that are generally called the 

critical metals that could be even more problematic for a low-CO2
future
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Federal Government Critical Minerals List

 US Department of the Interior, 22nd February 2022
 Aluminum, antimony, arsenic, barite, beryllium, bismuth, cerium, cesium, 

chromium, cobalt, dysprosium, erbium, europium, fluorspar, gadolinium, 
gallium, germanium, graphite, hafnium, holmium, indium, iridium, 
lanthanum, lithium, lutetium, magnesium, manganese, neodymium, 
nickel, niobium, palladium, platinum, praseodymium, rhodium, rubidium, 
ruthenium, samarium, scandium, tantalum, tellurium, terbium, thulium, tin, 
titanium, tungsten, vanadium, ytterbium, yttrium, zinc,and zirconium.

 “This list of critical minerals, while “final,” is not a permanent list, but will 
be dynamic and updated periodically to reflect current data on supply, 
demand, and concentration of production, as well as current policy 
priorities.”
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What are critical metals and why should we care?
 No strict definition nor global agreement on what elements are critical
 In general, critical elements 

– Provide essential properties to a technology or product (especially low-CO2
technologies, EVs, etc; vital for climate change mitigation)

– Are not easily substituted or recycled (and recycling cannot meet increasing 
demand)

– Are subject to supply-chain risk and are often strategic (military, energy 
production)

– Few are produced as main products by mining; often dominated by extraction at 
smelters/refineries as by-products; uncertain what values accrues to source mine

 Importantly, we already have significant unrealized potential for critical 
metal production
– Critical metals often deport to waste rather than being produced as a result of 

economics, mineral processing approaches, and insufficient knowledge of 
deportment

– Resources also poorly reported, with numerous mines producing critical metals but 
not stating these in resource-reserve reporting
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Most metals cannot easily be substituted; especially the critical metals
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Critical metal companionality (left) and by- and co-products
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Putting it more simply
 Table below indicates which critical elements are associated with 

metals produced on a larger scale
 Indicates the sectors of the mining industry that the production of 

critical elements are reliant on
 So what? Just think about what happens if say zinc demand and 

production drops for some reason; we lose production of In, Ge, Cd… 
would limit production of touch screens, LEDs, fiber-optic cables, 
semiconductors, CdTe solar panels…

Graedel et al., 2014
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Global production of critical metals (Cu = 20.4 Mt/yr in 2018) and byproduct proportions
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What do we know about critical metal resources?

 Few critical metal resources are well quantified
– The PGE, REE, Indium…

 Other critical metal resources have significant uncertainties, or 
little to no data are available for resources/reserves and 
sometimes production, or contrasting data from different sources

 How can we assess the criticality of a metal or focus on security 
of supply without knowing where metals are coming from and 
how much we have already identified?

 How can we produce more of these metals and ensure their 
supply given their by- and co-product nature?
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What do we need to know about critical metal resources?

 Global resources – baselines to predict how we can meet future demand
 Cannot also simply rely on published resource/reserve data given the lack 

of reporting of critical metal production
 E.g. Sierrita mine in Arizona produces rhenium but does not report this in 

resources/reserves
 E.g. Australian Pb-Zn deposits known to contain indium but Australian Zn 

refineries do not produce this critical metal; byproduct production 
dependent on where you ship/sell your concentrates

 Put simply, we do not know how much we have, we do not know where 
what we have comes from, and we do not often know how to increase 
production as a result
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Implications for securing future supplies of the critical metals
 We are getting better at identifying and producing some of the critical 

metals
 Shown by ratios of byproducts to main products, e.g. Re to Mo, In to Zn, 

although Te to Cu has decreased (SXEW vs smelting?; the former does not 
produce Te)

 Economic decisions almost certainly control this, but probably not relating to 
the critical metals?

 E.g. whether concentrates containing In are sent to a Zn refinery that can 
produce In depends on Zn economics, not In economics

 Shows the range of challenges we need to meet (and need to undertake 
research in) to have a chance of meeting CO2 targets

 All of this can add value to projects as shown by tellurium



34/52 23rd March 2022MTNet EMinar

0

15

30

45

60

75

0

180

360

540

720

900

1970 1980 1990 2000 2010

In
di

um
-t

o-
Zi

nc
 R

ef
in

ed
 M

et
al

 R
at

io

G
lo

ba
l I

nd
iu

m
 p

ro
du

ct
io

n 
(t 

In
/y

ea
r)

Ratio
g In / t Zn

Production
t indium/year

Primary-byproduct ratios and impact on critical metal production

0

50

100

150

200

250

300

1925 1935 1945 1955 1965 1975 1985 1995 2005 2015

C
rit

ic
al

 M
et

al
 R

at
io

Rhenium
g Re / t Mo

Indium
g In / t Zn

Tellurium
g Te / t Cu



35/52 23rd March 2022MTNet EMinar

Examples of potential value add (based on tellurium proxies)
 Current UNLV project focused on Te potential of precious and base metal operations
 Small selection showing the by-product potential of selected operations
 Note this is only Te and only a handful of the 100+ operations we have developed 

proxies for
 Significant potential to positively affect value and perception of operations

Mine Company Country Product Te Proxy(s)
Te proxy

grade
(g/t)

Te proxy
Content

(t/yr)

Te proxy
value add

(mUSD)
% of AISC Recovery

Method
Gold Ore Pre-
Treatment

Con
Export

Chelopech
Dundee
Precious
Metals

Bulgaria
Cu-Au,
Pyrite
cons

Assay,
Mineralogy 36.9 81.3 $5.69 6.5% Flotation none Tsumeb,

Namibia

Bingham
Canyon** Rio Tinto USA Cu-Au con Assay 0.8 32.3 $2.25 0.5% Flotation none Kennecott,

USA

Cadia Newcrest Australia

Au doré
(15%)
Cu-Au con Assay 8.4 246.1 $17.2 20.36% Flotation,

Free-Au none East Asia

Telfer Newcrest Australia
Au doré
(25%)
Cu-Au con

Assay,
Mineralogy 1.7 37.5 $2.6 0.7% Flotation,

Cyanide none East Asia

Kensington Coeur 
Mining USA Sulfide Au

con
Assay,
Mineralogy 1.9 1.1 $0.07 0.07% Flotation none China
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But hold on, what about recycling?

 But why can’t we recycle these metals?
 It’s a great idea, and we recycle a lot… 
 …but not all metals can be recycled…
 …significant barriers to recycling of some metals (e.g., design, 

technological and logistical barriers)…
 and recycling cannot always meet increasing demand
 Equally product design means that a lot of the metals within waste 

materials simply are not designed for recycling – end up in 
landfills

 Metals and minerals also cannot generally be substituted for each 
other as mentioned before
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Typical end-of-life recycling rates
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Recycling potential

Ciacci, et al., 2015. Environmental Science & Technology 49(16): 
9443-9451. 

In-use 
dissipated

Potentially 
recyclable 

Unspecified Currently 
unrecyclable
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Other challenges to think about

 It doesn’t just stop there…
 Finding the mineral deposits we need – not easy
 Ensuring we make the most of these deposits – not easy again
 Waste rock and tailings; need to store these securely and make the most of them 

(e.g. CO2 sequestration) given increased mining
 ESG issues – environmental, social and governmental challenges to mining and 

ensuring mining is as sustainable as possible
 NIMBYs and BANANAs… you cannot have solar power and Tesla vehicles without 

raw materials, so there needs to be some acceptance that mining is required and that 
metals need to be smelted/refined/etc. You cannot just continue to ship it to other 
countries for processing and then get the manufactured products back for a huge 
number of logistical, security of supply, cost, geological, and social justice/exploitation 
reasons, among many others; equally this is a big loss in value add

 Not just mining; concrete and cement – huge CO2 producer, yet we don’t have a 
solution

 Metallurgical coal – still needed, although some developments here too
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Other challenges to think about

 Most critical metals and minerals will never be significant enough for 
major mining companies to target; low probability of transformational 
change (e.g., Sykes et al., 2016)

 This means that effective policymaking will be key, and we need to do 
much more than current actions (e.g. Jowitt, 2021)

 Developments between geopolitically friendly countries will also be 
important to secure supplies of critical metals and minerals to meed 
domestic demand

 Also significant potential for domestic exploration and mine development 
but compared to other countries and regions (e.g., Western Australia) 
parts of the US and indeed the world are way behind in precompetitive 
data, streamlining of processes, permitting, etc.
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Mining and climate change
 The bottom line is if you want to do anything meaningful about climate 

change, you will need to mine more minerals and metals
 Creates other questions and problems (and opportunities)
 Where will we find these metals and minerals?

– Understand the geological processes that form mineral deposits
– Increase the efficacy of mining in terms of recovery and energy use
– We don’t just have to mine natural deposits – landfills, mining waste…
– How long will this take (exploration, discovery, permitting….)

 What impact will this metal extraction have?
– Environmental, social, governmental challenges (benefits?) and risk

 How can we do this?
– Needs education, research and discussion on all sides and beyond the industry –

and we need to understand the problems we face. We are already doing some of 
this in Geoscience at UNLV (yes, it’s a plug)
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Mining and climate change

 So if you’ve not already been convinced, I emphasize again that every single 
person listening to this talk needs mining

 The devices you use for work and entertainment, the electricity you use, the 
car you drive, the house or apartment you live in, and all of the modern 
conveniences you use require minerals and metals

 Any sustainable future with reduced anthropogenic climate change and lower 
CO2 emissions will be built on the back of the mining industry

 No point having electric vehicles fuelled by electricity generated from coal –
worse impact than many petrol vehicles

 If your immediate attitude is “climate change doesn’t exist”, then the world is 
moving towards renewable energy and electric vehicles anyway; this is the 
chance for the US, Nevada, and Colorado to be world leaders. Demand for 
these metals will increase; does the US want to be the world’s supplier of 
raw materials or a home of some of the high-tech manufacturing that is 
currently in China? If the latter, there needs to be some rethinking of where 
ores are processed…
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So what about mining value chains?

 Where is value added along the mining chain from mining through 
processing and manufacturing?

 Where will critical metal concentrates be processed and refined (and value 
added)? 

 For example, REE concentrates from Mountain Pass in CA are processed in 
China, concentrates from Mt Weld in Australia are processed in Malaysia…

 What implications does this have for the US economy, for Australia…?
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Already seeing changes?
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Already seeing changes?
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Not easy being green?
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Red tape vs. green minerals?
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How realistic are policymakers’ targets?
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Geopolitical influences – nickel considered critical by USA

 Russia-Ukraine conflict and associated sanctions likely to have a 
big effect on commodity prices over at least short- to medium-
term, perhaps long term

 Seeing this already with nickel (and copper, and the PGE…)
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Geopolitical influences
 London Metal Exchange stopped nickel trading on 8th

March after the price reached >$100,000/t; quadrupling in 
price

 Cancelled around $3.9 billion in nickel trades, 
retrospectively

 Demonstrates geopolitical influence on global 
commodities, and not likely to end soon

 Not just nickel, but also global supply of the PGE, 
diamonds, antimony, cobalt, aluminum, potash, tellurium, 
and more will likely be influenced by this conflict



51/52 23rd March 2022MTNet EMinar

Conclusions

 So what now?
 We need more conversations and discussion of this, rather than 

just saying we need to reduce CO2 emissions
 Need more research, education, outreach, and consideration of 

these things during policy development
 Need more open conversations from all sides about this rather 

than ignoring it; the public needs to know the cost of “being green” 
and the role of mining… 

 You can talk all you want about how we need to combat climate 
change, and make policy to achieve this, but if you do not 
understand and accept the mineral and metal costs of this, you 
are only halfway there… my two cents anyway
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Any questions?

 If not now, can always email me at simon.jowitt@unlv.edu

 Happy to pass on papers and this powerpoint and continue this 
discussion

 Much more information available than I can present in this time 
slot (I have numerous hidden slides that I had to cut!). If you 
want any more on any of the material I’ve talked about, let me 
know.

mailto:simon.jowitt@unlv.edu
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