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Monthly average natural gas-fired electricity generation costs
breakdown, Eurcopean Union, January 2018 to June 2022
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Many factors have contributed to temperature change

Global mean temperature change from pre-industrial levels, °C

a) Change in global surface temperature (decadal average)

as reconstructed (1-2000) and observed (1850-2020)

— Berkeley Earth
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s Normal temperature variations can be
0.5 deg C/year

s Temperatures dropped over a 300-year
period (1400-1700, or “Little Ice Age”)
due to reduced solar radiation

s Temperature rise of 1 deg C in past 40
years is far outside normal range of
historical time

@

Global CO2
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Pre-1950

Coal
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Global temperatures in past 100 years

have followed 3 trends:

* 1910-1950: increase of 0.5 deg. C

* 1950-1980: temperature flat or
slightly decreasing

e 1980-2020: increase of 1 deg. C

This is not consistent with CO2 emissions,
which began rapid increase in 1950



Natural causes of temperature variation: Solar radiation

Temperature vs Solar Activity
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Solar radiation varies by about 1 watt.m3 (0.13%) in 22-year cycles, enough to make
a significant difference.

There is a 0.1-0.2 deg. C impact on annual temperature from top to bottom of cycle
depending on strength of cycle.

These cycles vary over 100-year periods. Cycles are strengthening since end of
“Little Ice Age”.

The strengthening cycles from 1910-1950 was a factor in the 0.5 deg. temperature
increase during this period

The 1 deg. C increase since 1980 is not connected with solar activity, in fact,
decreased solar activity likely reduced the amount of temperature rise

We are at the bottom of the 100-year cycle. Increased solar activity will potentially
add to the temperature increase in the 2020-2060 period.
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Natural causes of temperature variation: Ocean Currents

El Nifio Conditions: December - February

W varm [ cool
Penn State, NOAA

7 dry

wet
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0.25 deg. Cincrease .per decade starting in 1980 -

El Nino and La Nina occur at irregular periods and varying strengths.
El Nino ads approximately +.15 deg C global temperature per 1 deg. C strength while
La Nina subtracts the same amount.
El Nino and La Nina episodes 1950-2020 in 3-month temperature
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Greenhouse gases and the Atmosphere: It’s not just about CO2

Effective radiative forcing, 1750 to 2019
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Radiative forcing (RF) is the
change in energy flux in the
atmosphere due to natural or
human caused climate change

in watts/meter. RF increase of

@ 1750-2020 is +2.79.
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CO2 mCH4 mNO2 mHalogens W Ozone M Aerosols M Other

2.5
15

0.5

Len Lagn I-ll |.ll |.Il I.JI |J IJ hl ul u ul

ARRRERERE

o

(]

'
[

-1.5

o0

0

R/ K/ R/
0’0 0‘0 0‘0

-2 Adapted from IPCC, 2021

The most important factors have been addition of CO2 in the atmosphere (+) mostly due
to combustion of fossil fuels and aerosol pollution (-) from the same process

From 1900-1990, these two factors largely cancelled each other out

Increase in other GHG's increase 250% from 1950-1990

After 1990, pollution (aerosol emission) dropped in Europe and USA replaced in part by
pollution in Asia



The 2021 IPCC report presents five potential scenarios for the
rest of the 215 century, however, not all are realistic

Carbon dioxide (GHCO,/yr)

» () Global temperature change " (b) Global land precipitation change (c) September Arctic sea ice area
;{5 6= Htorical 51 501131322732 4
. sses-85 Q) | = 55119 11 ! a pon {869 21241922
D { = S3P126 30 6y ¢ i gl
- U o ==SSP245 3 [ € ¢ g 8
) ¢ 4==55P370 2% F f B £
__ spszo 5 ] SP58S 2 LN N 0 .|
80 Q‘ - I 8 0 a 6
0 L a & g
60 8 2 [ @ " 2- 0
i r Lo 2 € 4-
. o __/I\/Iostllkely o ] -2§ : 0- §
) 0 . b e ’
' > 0 T £
20 s 0 0 2 w2+
% M Near Mid F0Q ¢ | Practically sea ice fré@ NG
N |
= omfem  tm| O 4 i
Sf’f'll'& '2 rrrrrrrrrrotd IPCC, 2021 LINNLIN L  I LL 0 LR L . —r—
R e IPCC,2021 o 1950 2000 2080 2100 1950 2000 2080, 2100 1950 2000 2050 2100
o ) Year Year Year

The IPCC admits in the report that the two high ~ Under most likely scenario (SSP2-4.5) the following would occur:

and low scenarios are unlikely. In fact, being O Global temperature would rise to 2 deg. C relative to 1900 around

able to move from the constant increase in 2040 and 3 deg. C by end of century

carbon emissions to a plateau then decline after U It will be a wetter world in general, precipitation will rise 3% in first half
2050 would be a significant achievement. of century, 5% by 2100

Moving the decline closer to the present L The arctic will be mostly ice free by late summer by 2050

@ (beginning 2025) in SSP1-2.6 is a “stretch” goal. @ 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 =
—r Change (%) -
O 05 1 1.5 2 25 3 3.5 4 45 5 55 & 65 7 R B
Change (°C) -~ Precipitation change at 2 deg C warming

Temperature change at 2 deg warming Simulated change at 2 °C global warming

Temperature with global 2 deg C increase
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Adapted from IPCC, 2021

While land will average +2.55 deg C and ocean +1.64 C,
the Arctic will warm the fastest

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



What are potential tipping points that could
cause catastrophlc change” in this century?

. _ Trends in sea surface temperature
Gulf Stream Wikipedia 1909-2018 Deg. C (HadISST and Kaplan)
Change
(b) AMOC , in 2100
5 Past (observed) ‘

Past (simulated)

ol
3
=5
-10 Future (CMIP§)
1850 1900 1950 2000 2050 2100
(Year)

= Past (simulated) —— Future (SSP1-2.6) mean
- Past (observed) Future (SSP2-4.5) mean

— Future (SSP3-7.0) mean
@ IPCC, 2021 — Future (SSP5-8.5) mean

Overturning of Atlantic
Meridian (Gulf Stream):

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

* 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.

* This occurred about 13,000 years
ago (Dryas event) dropping
temperatures in NW Europe and
Greenland 5 deg Cin 30 years
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Jackson et al. 2015



What are potential tipping points that could
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2020 demonstrated the effect aerosols
(or lack of) have on temperatures

12month-anomaly global surface air temperature (° ) relafive to 1981-2010
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After the record shattering

2016, temperatures dropped in

2017-2019 by 0.2 deg. C.
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2020 should have

been a cool year
The sun was at the
minimum of its cycle
The ocean current was
La Nina

CO 2 emissions had the
one-year greatest drop
since records have
been kept



2020 tied 2016 as warmest year in historic time!

During 1H 2020, due to Covid lockdowns, world stopped polluting!

January 1-20, 2020

v February 10-25, 2020
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Record high temperatures, especially 1H 2020.
Temperatures dropped in 2021
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Massive Economic stimulus is 2021 resulted in global economic
recovery and record increase in energy demand

World GDP Growth (%) Change in primary energy by fuel BP, World Energy  Annual change in coal generation
EJ Outlook, 2022 Year-on-year change, in terawatt hours
: 40 B World® China® India’ United States of Americal EU® Other
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Not surprisingly, this growth resulted in The annual increase in coal

With massive stimulus, world economic

. o greatest rise in energy use ever recorded, 80% generation was the greatest ever
ﬁiror\:\gi Ol;?fezn%[;ezurlfsidirl}n56().lfé:she from fossil fuels. Energy supplied by hydro recorded. 56% of the increase
& P 8 Y power actually declined, due to drought. came from China.

@



This had two results: increase in CO2
emissions and increased fossil Tuel prices

Global change in emissions Advanced economies Emerging market and China
developing economies

Year-on-year change (MtCO2)

@ World" China®EU B India® United States of America @ Other
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CO2 emissions from electricity generation From 2014-2020, annual investment in fossil fuels had declined by >50%
increased by 800 Mt, double the decrease from USDS$1350 billion to $650 billion. Despite some increase in 2021,
from 2020, making the 2030 CO2 demand outpaced supply. Renewable investment increase during that
reduction goals more difficult to be met. period was statistically higher, from $300 billion to $450 billion, but would

@ not be enough to meet the 2021 demand increase.



The result has been a major price rise in energy, contributing
to WorIdW|de inflation, as happened 50 years ago

After two years of decline, coal prices rebound to all-time highs

usDit

» Coal prices
B in 2H 2021
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Figure 1. Crude oil front-month futures prices
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Figure 10. International natural gas prices
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Energy and mineral prices increased in 2021 and continue
to do so in 2022
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In addition to the rise in fossil fuel
prices, the downward trend in cost of
renewables has reversed due to
inflation and shortage of critical
minerals. Prices have risen of cobalt
(70%) and lithium (400%), key to
batteries have risen sharply.



In 2022, the Russian invasion of Ukraine disrupted world
energy markets: the US is stepping in to fill the gap

US C + C Production
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0 Meanwhile, fossil fuel prices increased further
By July 2022, Russian gas to Europe . - - with the invasion and will remain at a high level
dropped by 80% from 2020 peak through 2023
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The climate in mid-2022 is heating up

Cold Arctic A large temperature

NOAA b A As the jet stream
weakens, heat domes in
northern hemisphere are

straighter path, which keeps
\___/ g the cold air over the Arctic,

becoming more

When the jet stream
weakens, it becomes
wobblier, allowing cold
Arctic alr to move
southward

occurrences.

Key Difference from average near surface temperature
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Solar cycle 25 is on track to resemble Cycle 23,
rather than 24, which may begin having an impact
on increasing temperatures



Summary and Conclusions: What is most likely future?

Pathwawvs of =lobal sreenhouse sas emissions

e =ome 2o ==me =ose =2ee 3 The world will reach 2.0 degree C above pre-industrial
or protmctas AR Oy 100 temperature by 2050. There is no realistic alternative. Under
N current world policies, we are heading for a temperature close
“":/u;/* ‘27?j§d;ff to 3 degrees C by the end of the century. The chance of
- e reaching a climatic tipping point late in the century is
WEF, 2022 q_:.:.,:t:,w..,y significant.

Al vt o per-capits Hydro + Nuclear i » Despite the intensive efforts of the past decade, only about

: 15% of energy comes from non-fossil fuel sources. Coal, the
fuel with the highest CO2 emissions, will see a continued rise
in use in the next few years due to the inability of renewables
to meet rising energy demand.

mption (kWhyyear)
PerCapita GDP (52020/year)

Per Capita Energy Consu

SU———— » The world will be facing an energy shortage and high prices in
R the near term due to lack of investment and over-reliance on
s & renewables. Plans for a rapid “energy transition” are
. US fossil fuel unrealistic and will not take place, especially outside the US
‘ exports and EU.

» Due to invasion of Ukraine, the world energy market is shifting

as US replaces Russia as #1 oil+oil products and natural gas
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