IPAA - e
Marcb 2021 ‘—  :. L

P . A

- -‘.
B v Aonss
‘L. ? =1 ) = ‘\R :

CRlTlCAL THlNKlNG
FOR EQUITABLE ENERGY

/ gf\ﬁgfzummf Scott W. Tinker gg 3] %lim?ﬁ_



Tinker 2021

Climate Change
Education
Energy

Gender Equality
Healthcare
Housing

Hunger
Immigration
Land, Air, Water
Population

War
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VOLATILITY

WTI Spot Price

Dollars per Barrel
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VOLATILITY

Cobalt (USD/T) 38000.00 -250.00 (-0.65%)

Cobalt

for Batteries
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—70000

2012 2014

https://ftradingeconomics.com/commadities
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VOLATILITY

Copper (USD/Lbs) 4044 +0.0210 (+0.52%)

Copper
for Wind Turbines

https://ftradingeconomics.com/commadities
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2019 U.S. Average Electricity Retail Prices

(cents per kilowatt hour)
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https://www.globalenergyinstitute.org/average-electricity-retail-prices-map
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COST OF INTERMITTENCY

Reqguires Backup to be Reliable
v. |Load Following Plants: Cost
v. Storage: Scale
v. Renewable Dispersion: Area of Access
v. Combining Sources: Timing



COST OF INTERMITTENCY

Intermittent Solar and Wind
require expensive backup to

make them Reliable, and that
makes them more expensive

to the Consumer (“CCOE™).
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he Demand Curve

Load, Wind Generation, and Energy Prices
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ihe Demand Curve

Load, Wind Generation, and Energy Prices

Balancing demand and
supply requires a portfolio

of generation options in
order to be Reliable.
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“Natural gas is the culprit”
“Solar and wind tanked”
“Tsolated grid”

“ERCOT and planning”
“Energy market vs. Capacity market”
“Resiliency of equipment”

“Cost to upgrade”

“Climate change”

Unlimited supply of Finger Pointing!
Should the freeze Event cause permanent change?
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ENERGY TRANSITION

~1000 AD ~1500 AD ~2000 AD
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ENERGY TRANSITION

Surface Power Density
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CHEMICAL & ENGINEERING NEWS

It’s time to get serious about recycling
lithium-ion batteries

ected surge in electric-vehicle sales means that researchers must think about conserving

natural resources and addressing battery end-of-life issues

PEARED IN VOLUME 97, ISSUE 28

“a multimillion-metric-ton heap of

Li-ion batteries that could end up
in the trash ...but because of
technical, economic and other
factors, less than 5% are
recycled today.”

| IN BRIEF

Lithium-ion batteries have made
portable electronics ubiquitous,
and they are about to do the same for
electric vehicles. That success story is
setting the world on track to generate
a multimillion-metric-ton heap of used
Li-ion batteries that could end up in
the trash. The batteries are valuable
and recyclable, but because of
technical, economic, and other
factors, less than 5% are recycled
today. The enormousness of the
impending spent-battery situation is
driving researchers to search for cost-
effective, environmentally sustainable
strategies for dealing with the vast
stockpile of Li-ion batteries looming
on the horizon.



https://cen.acs.org/materials/energy-storage/time-serious-recycling-lithium/97/i28
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CAPACITY OF MINERAL REFINERIES BY COUN ITRY

Norway

RuUSSia

Lithium Cobalt Nickel
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CAPACITY OF MINERAL REFINERIES BY COUNTRY
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HUMAN RIGHTS ABUSES

#  RENEWABLE ENERGY
&= China's human rights
abuses may threaten U.S.

i solar

" David laconangelo and David
8 Ferris, E&E News reporters

& Published: Monday, October

" 26, 2020



https://www.eenews.net/staff/David_Iaconangelo
https://www.eenews.net/staff/David_Ferris
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All forms of energy require
novi-renewable ear+i

resources, manufacturing, and
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LAW

Big Tobacco had to pay $206B. Are Big Renewables Next?

Author of the future

s look to past litigation against Big Tobacco as they push law
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BRAZIL ENERGY TRANSITION
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BRAZIL ENERGY TRANSITION

Scale
Brazil leads the world in
biofuels, but they satisfy ovly
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JAPAN ELECTRICITY GENERATION

Japan

“onsumptiop,

3
[
>
b=
O
=
-
8]
2
[N}

Fukushima
Daiichi
1995 2005

B Nuclear ECoal mOil ENatGas HHydro Solar Wind ® Geo Bio Other

Data: BP Statistical View of World'Energy (2020)° Analysis Tinker



Tinker 2021

NORWAY ENERGY TRANSITION
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INDIA ENERGY TRANSITION
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GERMAN ELECTRICITY TRANSITION
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GERMAN ELECTRICITY TRANSITION
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GERMAN ELECTRICITY TRANSITION
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GERMAN ELECTRICITY TRANSITION
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FRANCE ENERGY TRANSITION
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CHINA ENERGY TRANSITION
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CHINA V. INDIA
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U.S. ELECTRICITY TRANSITION
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U.S. ELECTRICITY TRANSITION
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U.S. ELECTRICITY TRANSITION

The proposed 2015 Clean Power
Plan (CPP) CO, emission

reduction goals were met i
2020 (1), ove decade ahead of
scthedule, without the CPP.
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For presentation or publication, reference: Bure&_fﬁonomic
Gas (TCF) Geology Shale Resource and Production Project
http://www.beg.utexas.edu/research/programs/shale
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. For presentation or publication, reference: Bure&_fﬁonomic
Oil (BBO) Geology Shale Resource and Production Project
http://www.beg.utexas.edu/research/programs/shale
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Gas (TCF)

Original In-Place 5,181

Tech. Recoverable 1,456
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GLOBAL ELECTRICITY GENERATION
BY SOURCE
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Data: 2020 BP Statistical Review
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GLOBAL ELECTRICITY GENERATION
COAL V. NATURAL GAS
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Data: BP Statistical View of:World Energy (2020). Analysis Tinker
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GLOBAL ELECTRICITY GENERATION
COAL V. NATURAL GAS
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GLOBAL ELECTRICITY V. SOLAR AND WIND
BY SOURCE
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GLOBAL ELECTRICITY V. SOLAR AND WIND
BY SOURCE
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Data: BP Statistical View of:World Energy (2020). Analysis Tinker



Tinker 2021

Electriicity,Use
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Source: Emerging Trends in Electricity Consumption for Consumer ICT, Peter Corcoran and Andres Andrae
(2013) and CIA World Factbook. China/Russia/Canada figures are from 2014.
BP Statistical Review 2019
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TECH SECTOR ELECTRICITY
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The Global Energy Transition

Global Population

Each map color ~ 1.1 billion people
Data: BP Statistical View of World Energy (2020)

Analysis Tinker (1 Ej ~1 TCf)
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Each map color ~ 1.1 billion people
Data: BP Statistical View of World Energy (2020)
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The Global Energy Transition

Global Population
Each map color ~ 1.1 billion people
Data: BP Statistical View of World Energy (2020)

Analysis Tinker (1 Ej ~1 TCf)




Exajoules

The Global Energy Transition
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Weelel @) Proelticiion/Cenistifre)ile)r!

- COVID-19 will change some
‘work behaviors in developed
nations, but will not have a 2>
lasting Impact on the global :ases
economy or energy mix.
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GLOBAL ENERGY TRANSITION RATE

Forecast

s’to\‘No‘\d :
re The world could
arca®  be wind, water
and solar If just
for Policy...

(g) uone|ndod eqo|o

[ 1T 1T T 1T 1 I I I I I
1950 1970 1990 2010 2030

| | |
2050 2070 2100

Dtz B3P Stailsilel Viaw of World Snisiey (2020). Arkzlysis Tinler Source: Population Data from the UN



Tinker. 2021

GLOBAL ENERGY TRANSITION RATE
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GLOBAL ENERGY TRANSITION RATE
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GLOBAL ENERGY TRANSITION RATE
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GLOBAL ENERGY TRANSITION RATE
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GLOBAL ENERGY TRANSITION
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GLOBAL ENERGY TRANSITION
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GLOBAL ENERGY BY REGION

Global Energy Consumption by Region
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GLOBAL ANTHROPOGENIC CO, EMISSIONS

CO, Emissions
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GLOBAL ANTHROPOGENIC CO, EMISSIONS

CO, Emissions
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S CO; Emissions SN
ENERGY ALLIANCE Consumption vs. Production ~ Grorocy

OECD countries
B Non-OECD countries

Consumption vs. Production
(emissions %)
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CO, Emissions (2016) from Production (Gigatonnes)

Source: Gloebal Carbon Project; World Bank; The Economist, October 19, 2019 QAe8430
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SWITCH CO; Emissions: & e
ENERGY ALLIANCE Consumption vs. Production X GroroGy

Consumption vs. Production
(emissions %)
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CO, Emissions (2016) from Production (Gigatonnes)

Source: Gloebal Carbon Project; World Bank; The Economist, October 19, 2019 QAe8430
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S CO; Emissions SN
ENERGY ALLIANCE Consumption vs. Production - Grorocy

Consumption vs. Production
(emissions %)
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Source: Gloebal Carbon Project; World Bank; The Economist, October 19, 2019 QAe8430
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COAL TO GAs CO, EMISSIONS REDUCTIONS
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COAL TO GAs CO, EMISSIONS REDUCTIONS
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COAL TO GAs CO, EMISSIONS REDUCTIONS
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Offshore Margins and Potential Use of CO, for EOR
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Large-Scale Hydrogen Utilization
Geological Storage

* Development of large-scale hydrogen
markets for industrial use, power, and
heavy transportation will require a large
number of high capacity geological
storage sites (> 1000 tonnes)

Salt caverns, depleted fields and aquifers
are the best candidates, but H, storage in
depleted fields and aquifers is untested

Bureau’s research is to characterize
potential sites and conduct research to
determine suitability and model large-
scale H, infrastructure development
scenarios.

BuRrEAU OF
EcoNnomic
GEOLOGY

Areas of Potential Aquifer, Depleted Field and Salt Storage

Depth to saline groundwater
=500t

@ 500t01000 ft (O Area undertain by rock salt
@ < 10001t @ Area of sat domes or

(O Inadequate information salt anticlines

US Natural Gas Pipeline and Geological Storage
-

W

Current Current
US Natural Gas L &S H, Storage
Storage AN A ~ 6 Bcf
Capacity o (3 sites in
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The Potential of Geothermal

- Background: Geothermal energy; clean, dispatchable electricity
generated from the heat of the Earth, has been a small part of
the US and world energy picture for a hundred years

« Advances in technology, particularly from the Oil & Gas industry are
making geothermal power a nearer-term reality

* Deep closed loop systems and variants break the geographic constraint
of going where nature concentrates the resource

Temperatures at 5.5 km

« Current best estimate of
temperature at 5.5 km depth inthe =
lower 48 states. Current technology
can generate economically viable
power from ~150 °C fluids (yellow,
orange, red).

SMU, | Somman One style of closed loop system—

2 BUREAU OF
; i EconoMiIc
ity GEOLOGY
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GLOBAL ENERGY DEMAND/CAPITA

Energy Consumption Per Capita
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GLOBAL ENERGY DEMAND/CAPITA

Global Energy Consumption Per Capita
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Switch Energy Alliance:

i3 Insplre an Energy fducated Future

https //Swutchon org

+ Instagram @doctgnker : \)Ua_tch Films & Presentatlons 5k
 Download:Slide Decks « Switch Classroom
SWITCH For financial interests of Scott Tinker see

ENERGY ALLIANCE http://www.beg.utexas.edu/people/scott-tinker
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