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The 2021 publication of the IPCC report and
the IEA report on road to “net zero” place the

world and the energy industry at a crossroads

» The 2021 IPCC report delivered a clear message; the

U E AR, world will reach 1.5 deg C temperature within 10
The Physical Science Basis

years and likely 2 degree C increase by 2050. —
However, what we do in the coming decades will have The Role of Critical
. . Minerals in Clean Energy
a major impact on what happens after that point. Transitions
» The International Energy Agency (IEA) issued a report — INTERNATIONAL ENERGY AGENCY
on how the world could reach “net zero” CO2
emissions by 2050. The steps needed are extremely
unlikely to be taken in the coming decade.
| » Concurrently, the IEA issued a report on the shortage
| of critical minerals. The required increase in mineral
production for renewables in transportation and

power will not be able to take place under existing
@ technology.




Many factors have contributed to temperature change

a) Change in global surface temperature (decadal average)

as reconstructed (1-2000) and observed (1850-2020)
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What has happened since 1980 is
not within the bounds of natural
variability in recorded history
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Year to year variability can be +/- 0.3
deg. C based on solar radiation,
| ocean currents, volcanic eruptions
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Temperature rise of about 0.4 deg C from A
1910-1950, flat to 1980 and 0.8 deg
increase since 1980

Rate of change avg 0.2 deg C since 1980
CO2 emissions gradual increase until

about 1950, then accelerating increase to
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Clearly, CO2 emissions are not |
only factor in temperature rise
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How SlgﬂIfICaﬂt are natural causes in temperature variation?
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Dalton Minimum reduced by 0.4 deg over a 20-year period. The

strengthening cycles from 1900-1960 caused a 0.4 deg. increase. El Nino and La Nina occur at irregular periods and varying strengths.
The 0.8 deg increase since 1980 is not connected with solar activity. El Nino ads approximately +.15 deg C global temperature per 1 deg. C
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Greenhouse gases and the Atmosphere: It’s not just about CO2

Effective radiative forcing, 1750 to 2019 Radiative Forcing of GHG 1900-2020 Radiative forcing of gases other
C0; | —— than CO2 and aerosols 1900-2020
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IPCC, 2021 (Wm?) * » Cumulatively, these gases can have an

effect almost equal to CO2
» Methane (CH4) is most potent but can
dissolve in atmosphere within 9 years
» Halogen and ozone levels have

Radiative forcing (RF) is s The two most important factors have been the addition
the change in energy of CO2 in the atmosphere (+) mostly due to

. combustion of fossil fuels and aerosol pollution (-) from
flux in the atmosphere the same process

due to natural or human % From 1900-1990, these two factors largely cancelled ilattem’e’o! and could be reduced
caused clmate change i oter " Dier ks bock cron o
in watts/meter. 1750- % Increase in other GHG's increase 250% from 1950-1990 o 8 o P ; |

. s After 1990, pollution (aerosol emission) dropped in a'rF’ ahes, and usean .natura
21091is+2.72 variations (solar, volcanic)

Europe and USA replaced in part by pollution in Asia




——Random Forest Predicted Solar Cyle 25
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2020 demonstrated the effect aerosols
(or lack of) have on temperatures
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NO2 pollution levels
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Source: NASA
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However, lockdowns during 1H 2020 significantly reduced poIIut|on worldwide
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mJJA mJAS mASO mSON mOND mNDJ

Twelve-month global surface air temperature anomalies
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Reduction of aerosols
greatly increased RF.
Estimated +.3 deg C

Global temperatures in 2020 tied 2016 as warmest year recorded.
Temperatures in 2021 (without lockdowns) are lower.

year: solar minimum, la Nina and
reduced CO2 emissions!




With a positive radiative tflux, how has
the earth absorbed the excess energy?

Stable cllmate_: in balance Today: |mbalanced Carbon Budget GtCO2
Incoming Incoming
solar energy solar energy
Remaining to 2.0 deg. C all gases || I 1350
Outgoing Less outgoing

energy energy due to
greenhouse gases
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g Human
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What has happened in the last
50 years needs to be put in
context of geologic past
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We can measure CO2 levels in the geologic past from
the fossil, sedimentary and geochemical record. The
current level (417 ppm 2020) is above the formation of
the Artic ice cap, which will melt at this level with time
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¢ The last time CO2 levels were this high were about 3 MY
ago, in mid Pliocene, a much warmer and wetter world
with higher sea levels and no arctic ice cap

** Moving to “net zero” would only establish us at this level,
as the earth takes centuries/millenia for the climate to
catch up with the atmospheric changes

Climate indicators of the mid-Pliocene Warm Period
(a) Surface air temperature and precipitation rate anomalies relative to 1850-1900
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The 2021 IPCC report presents five potential scenarios for the
rest of the 21 century, however, not all are realistic

Carbon dicxide (GHCO,/yr] (a) Global temperature change (b) Global land precipitation change 10 (c) September Arctic sea ice area
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The IPCC admits in the report that the two high
and low scenarios are unlikely. In fact, being
able to move from the constant increase in
carbon emissions to a plateau then decline after
2050 would be a significant achievement.
Moving the decline closer to the present
(beginning 2025) in SSP1-2.6 is a “stretch” goal.

Under most likely scenario (SSP2-4.5) the following would occur:

O Global temperature would rise to 2 deg. C relative to 1900 around 2040
and 3 deg. C by end of century

O It will be a wetter world in general, precipitation will rise 3% in first half
of century, 5% by 2100

O The arctic will be ice free by late summer in the second half of the
century

O Through 2040, SSP1-2.6 and SSP2-4.5 have virtually identical results



What will the world be like in 2050, with 2
deg. C temperature mcrease

IPCC, 2021 - >
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@While land will average +2.55 deg C and ocean +1.64 C,
certain areas will be much warmer

IPCC, 2021
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Combination of temperature increase and reduced
precipitation will lead to serious drought



Annual Arctic.-Seasee Minimum Area

2013 (AR5) and 2021 (AR6) Main factors in the new results were: data from the past
model comparisons decade, models that fit past performance and
, understanding of cascading impacts and compound events:
e Arctic amplification: the warming arctic at 3X the global
rate affects surrounding land areas, ocean circulation,
reflection and absorption of solar energy

 Combined effect of temperature and drought: wildfires S .
increased “black carbon in atmosphere” and . 120
accelerated melting of permafrost
|| * Effect of aerosol emissions (cooling compounds): P
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(a) Global temperature change

Even the SSP1 2.6 case, which assumes a 50% reduction in & © —| —— Historical s1 E -
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following are physical impediments: = 2 Near Mig tonol © F
» A major factor in reducing CO2 emissions also reduces Caese || =900 oosc || =100

Year
pollution. The lockdowns in early 2020 caused a short- IPCC, 2021

RCP of gases other than CO2

term temperature increase of about 0.3 deg. C. Major At ccenario Change in GSAT in 2040 relative to 2019
reduction in pollution will unfortunately result in 2 ssp370 - i —
significant temperature rise, countering any CO2 a3 KL o
reductions. 7 e

> The excess heat that has built up in the oceans will B e
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warmi ng - Sum total R IPCC, 2021

» The earth is in radiative forcing imbalance; even at lower |, ssp2-4.5 scenario, pollution is Lzesjgrliéz'iduced Sl i
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What are potential tipping points that could

cause “catastrophic change” in this century?

wikipedia

= 5

Trends in sea
surface

temperature
1909-2018 Deg.
C (HadISST and
Kaplan)

Overturning of Atlantic Meridian (Gulf Stream):

* Increasing freshwater melt from Greenland and Arctic has
weakened Gulf Steam by 15%

e This will accelerate under all scenarios and if it reaches 35-40%
may overturn, radically changing global climate

* Heat transfer will slow, cooling N Hemisphere, warming S

Hemisphere. Effects will be worldwide, especially precipitation.

Change o
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Once global temperatures rise >2 deg. C, chances for tipping points increase
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Breaking off of West Antarctic ice sheet:

* Much of increased ocean heat is transferred by currents to southern
ocean surrounding Antarctica

* Most of Western Antarctica is ice

* Melting due to increased air temperatures and warm currents are
making West Antarctic glaciers increasingly unstable

* Breaking off of ice sheet could cause magnitude increase in rate of
level rise as happened 14,000 years ago

Post-Glacial
Sea Level Rise
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Withthe need for urgentactionto ¢ 2 g ™ T 47 " TTETT
address Climate Change to aim for N - N
limit of 1.5 deg. C temperature rise, o EEE > TN
the International Energy Agency _________ I . [
issued a report on a “path to net zero " Asuances cconomies = Emerging market and eveloping cconomies
by 2050”. Some nations made How Pledses to Cut Emissions Compare  April 2021 pledges
pledges to reduce greenhouse gas
emissions in the coming decade B
consistent with the IEA plan. T e
Australia E

Despite good intentions the IEA roadmap has no realistic possibility of being accomplished

 >70% of world’s GHG emissions are outside OECD countries. These countries have no plans to cut emissions in the coming
decade and are depending on economic growth to raise living standards.

* The plan depends heavily on continuing exponential growth in renewables. However, renewables require quantities of
certain minerals that far exceed current supply and the investment to increase supply has not been made.

e Asshare of the energy grid increased in specific markets, the lower level of reliability became apparent. The effects of

climate change on renewable energy also needs to be addressed.

However, there is a recognition of “Climate Emergency” so what is likely to take place in the coming decade?




With the obvious urgency of

why is it so difficult

Annual total CO2 emissions, by world region
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Source: Our World in Data based on the Global Carbon Project
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(included in the GCP dataset) are el
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Is and cement production only — land use change is not included. 'Statistical differences
not Included here.
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The GDP growth in North America and Europe is
balanced by reduction in energy intensity. For the main
area of world growth, in Asia, GDP growth is >2X
reduction in energy intensity, requiring increased
energy supply of 3-4%/year, incompatible with
decreasing GHG emissions.

addressing climate change,
to find solutions?

Problem #1: 73% of current emissions come from
emerging and developing nations, whose prime
concern is improving living standards of their
populations. They account for the entire growth of
GHG emission of the past 50 years. If developed
nations honor their pledges by 2030, they will be
only 17% of emissions.

» Growth rates in total energy supply, GDP, and primary energy intensity at the world and regional levels,
2010-18

6%
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1%

2%

Compound annual growth rate (%)

-3%
4%
World Northern Latin America Central Asia Eastern Asia Western Sub-Saharan Oceania
America and the and Southern and South- Asia and Africa
and Europe Caribbean Asia Eastern Asia Narthern Africa
W Total energy supply ™ GDP [ Primary energy intensity = = = SDG 7.3 target (Primary energy intensity)

Source: IEA 2020a, UN 2020, and World Bank 2020.



Asian economies, mostly China, are committed to coal

Net change
Net change minus China
China additions

Other additions

US & EU retirements
Other retirements

100

COAL-FIRED POWER CAPACITY BY AGE
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100 oider than Younger than
average retirement age average retirement age

80
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Figure 1. The net change in 2000-2020 global coal power capacity (solid line), and the net change without China(dashed
line). Country-by-country additions (positive) and retirements (negative) are shown with coloured columns.
Source: Glabal Coal Plant Tracker, January 2021.

China continues to build coal fired power plants with 40-year life. They consume more coal than the rest of the world combined.
Their “pledge” is to reach peak emission in 2025 and reduce after 2030. India will pass US by mid-decade to be #2 emitter.

Source: S&P Global Platts Analytics Future Energy Outlooks Global Integrated Energy Model

% CO2 EMISSIONS 2010-2030 " Assume pledges by EU for 50% emission reduction CO2 emissions from fossil
by 2030 fulfilled and US/Canada reduce by 40% fuels 2010-2030

= Asig-Pacific and rest of world avg. +2%/yr. through
2025 from 2021 base >
= Asia-Pacific and ROW incr. +2/1.5/1.0/0.5%/yr. !
2026-2029 with no increase in 2030 .
» North American/Europe share of emissions drop 2
from 36% in 2010 to 27% in 2020 to 17% in 2030 30
» Total emissions essentially plateau during decade — 2°
at level prior to 2020 (34 Gt/yr.) 28
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To reach net zero by 2050, share of renewables in electricity
and power generation must dramatically increase

Problem #2: Supply of minerals needed for
renewables and batteries is far short of what is
needed and investment to close the gap is not
immediately forthcoming

Meeting primary demand in the SDS requires strong growth in investment to bring forward new

supply sources over the next decade

Committed mine production and primary demand for selected minerals

Copper Lithium Cobalt
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Based on current investment, there will be significant
hortages of copper, lithium and cobalt by 2030
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Increase in mineral production needed in 2040 for IEA sustalnable
development scenario” (net zero CO2 emissions by 2070, similar to SSP1-2.6 )

Announced capital cost for greenfield projects for selected minerals
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Investment for key minerals has been flat in past five years It takes 10-15 years
from investment decision to production for major minerals projects.



In addition to dependence on solar and wind for power generation, increase in use of electric
vehicles for transportation is needed for reduction in oil use

Electric car sales ERest of world EVs use around six times more minerals than conventional vehicles
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Minerals needed for low carbon energy future are far higher than Siticon
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As share of power grid grows, the reliability factor
for renewables becomes more apoarert

Wind and Solar daily fluctuations EMB=R SR I S S R
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Combined wind and solar power fluctuated to There is an 85% drop in output between a & y

winter months (when needed most) compared

between 10% and 30% of grid on daily basis of sunny and rainy spring day solar power in o .
to summer months in Cincinnati USA

EU27 power grid 1H 2020 large solar plant in Spain

\Y’md Texas power generation from wind lost an average of -7.9 GW (-61%)

Tawas Sactric power ganevated from wind 1s cyclic stopped O n e We e k p r-i O r t O “ p O | a r o beginning February 8 before the power crisis began on February 15

Poak-to-peak cycles are approximately % days In winter and 7 days In summer
blowing
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blowing in Texas. With wind N[ e o [\,\
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Climate change will also affect rellab|l|ty of hydropovver

Zambezi River Daily Flow Hydrograj
CHAVUMA MISS&ON STAT‘ON
(Faint-lined Hydrographs added o provide Historical Referencing)
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Source: S IEA 2020b; UNSD 2020

Hydropower currently accounts for half of renewable electricity power and Unprecedented drought reduced flow of Zambesi river and
is predicted to provide double the amount of power by 2050. However, 10ss of power generation in Africa Iargest hydroelectric plant
climate change will put at risk many of the world’s major hydroelectric )
projects:

. ) S Lak M d Hit L ~t
»  South America receives 52% ¥ ?.ev?:m ﬁ.:to:;'es ,

of electric power from
hydroelectric plants, highest

W Ve proportion of all continents Comblnat|on of drought and reduced snowpack puts Iargest usS
" ltaly and Turkey receive 21% hydroelectric (Hoover) dam long term viability in question
of power from hyd ro Percentage of Califoria in drought (010-June . 2021) £ A California monthly electricity generation, by select fuel (2010-2021) A
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electricity 10y X
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from reduced hydro power " seee
due to lowered precipitation ’

8
b
. 1 Bxfene '
(]
Areas of drought with +2 and drought moomooW W MW ;

0k
M o w4 W6 WM AN

deg. C temperature increase Drought reduces California peak hydroelectric power output by 50%



I Tax benefits

Tmpact of carbon-pricing schemes

(0, emissions reduction

2030 estimate, %
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Source: IMF

The Economist

10

Revenue
2030 estimate, % of GOP

30 40 50 0 1

India

(hina

Turkey
United States
Japan

Britzin

I Carbontax* W Emissions-trading system*

2 3 4

*$70 pertonne (0, 20155
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Adapted from Carnegie Endowment Oil Climate Index

*note, flaring associated gas puts oil production at same level as extra-heavy oil

Co
Depleted, Watery Oil

Oil-Climate Category

Carbon Pricing: A market-driven solution to shift to a
lower carbon economy necessary. Self- imposed
country quotas have not worked. It will accelerate
shift to lowest CO2 emitting sources of power.

Carbon capture (use) and sequestration: This
technology is known and could be implemented on a
major scale quickly. Fossil fuels will still account for
>60% of power generation. With carbon pricing,
CC(U)S will become economic.

Natural gas as transition fuel: While not the ultimate
solution, natural gas emits %2 CO2 per unit of energy
compared to coal. It was the major factor in EU and
USA emission reduction this century. It can make the
biggest difference now when reduction of CO2
emissions is urgently needed.

Methane emission reduction: A concerted effort to
identify “super emission centers” of methane, which
account for up to 50% of O&G emissions, with
remediation. Elimination of gas flaring and venting can
play significant role. Methane is 80x more potent than
CO2 in short term as GHG and can accelerate warming
if rise is not curbed.

Schematic of CCUS

Capture Use

Capturing CO, from fossil or Using captured CO, as an input
biomass-fuelled power stations, or feedstock to create products
industrial facilities, or directly from or services.

the air.

111 gly
@D
oo Transport
=1=I=] Moving comp CO, by ship or
pipeline from the point of capture to

§ % E the point of use or storage.
Storage
Permanent tly storing CO, in
underground geological formations,
onshore or offshore.
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IEA 2020. All rights reserved.

Methane emissions from Permian Basin
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The coming decade will finally see the beginning of a shift away from fossil fuels
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Major Energy Sources (Exajoules) 2009-2029 .
Low Carbon vs Fossil Fuel share of Energy

86.6 86.3 84.6 :
m m 15.4
..' -_' 2009 2014 2019 2024
‘ m Low Carbon m Fossil Fuels
Oil Gas

Coal

Hydro Nuclear Renewables

®2009 mW2014 m2019 m2024 m2029  Adapted from BP, 2020 ) o ) _
Low carbon energy share, which had minimal increase since 2000,

i‘f;;': /;icovery from 2020, world energy use growth at increases during 2020-2029, from 15.4% to 25.4%

. . Who needs oil? . (Rob West, Redburn) China ® India @ other
Steady hydro growth rate of previous decade continues Breakdown of gobal ol market byenduse. Ol IS the transportation Lo @ = = et chanoe
No growth in nuclear power as plant retirements in US and EU 1,,,, * fuel
balanced by new plants in Asia Eiuﬁo L o
Growth rate of renewables in past decade continues (14%/yr.) ) s 33 l: s ETlgnsg N 5 o
with biggest growth in offshore wind LI N N A AL O A
Oil demand plateaus and begins to decline by end decade as i c .
electric vehicles gain widespread use In 2020, global car sales decreased 15%, IEA. 2020
Continued 2.4%/yr. gas growth, with higher LNG growth rate electric car sales increased 40% The global number of operating
Coal begins significant decline with shift to gas After pandemic, 30% of white collar likely to ~ coal plants began to decline

work from home, compared to 10% before  starting in 2018



Likely changes in energy use under base case

Exajoules  Major Energy Sources 1994-2049 %
After 2020 significant changes will take place 1200 100
in energy use, but not nearly as much as %
“green deal” advocates envision 1000 o0
* QOildemand will reach a plateau in the coming
decade, coal use will decline, and natural gas will 800 0

continue a steady (2.4%/yr.) increase
 Natural gas will overtake oil as the #1 fossil fuel in
2030
« Renewables will continue exponential growth
with the biggest new contribution from offshore 400
wind
 However, renewables will only provide energy to
supply world demand growth while actual total
fossil fuel supply remains constant
 Share of energy produced by fossils fuels will 0
decline from 85% to 75% in coming decade,
dropping to 50% by 2050
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The Reality of Climate Change: Summary and Conclusions

* The planetis headed fora 1.5 deg. C Sbaiiatad Chings at 2 & Fobal Wrming SFMEC CHgE 8 2 5 SODE NG
temperature increase around 2030 and 2.0 P -
deg. increase by mid-century. We need to
prepare for it.

 How we respond in the coming decades will
tell if the ultimate temperature increase is

e tempature precipitation
closer to 3 degrees C than 2, and if tipping - e
. 005115 2 25 3 35 4 455 55 6 65 7 p 40 30 20 -10 0 10 20 30 40
points occur Change Q) Change (%)
e Based on current plans and commitments, the The world at +2 deg C increase from 1900
World |S headed for the SSP2—45 scena r|O’ or Comparison of global emissions under scenarios assessed in the Intergovernmental Panel on
. Climate Change Special Report on Global Warming of 1.5 °C with total global emissions according
2.7 deg C wa rming by end centu ry to nationally determined contributions
» Steps that can be taken to reduce the ultimate -

UN, Sept. 2021

D
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increase are clear: carbon pricing, carbon
capture and sequestration, natural gas as
transition fuel and methane reduction.
Implementation of these policies on a global
scale could result in GHG emission reduction
beginning earlier than 2050.
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