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Opening Thoughts

More energy but less carbon — we need both

Electrons and molecules — not OR but AND

The developed, and the developing, world are different
And tradeoffs. It’s all about tradeoffs to make progress



Tradeoffs between what

Affordability

Reliability

Security

Sustainability
Accessibility

Energy Poverty
Decarbonization/net zero
Agendas



History of energy consumption in the United States, 1775—
2009

History of energy consumption in the United States, 1775-2009
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Figure 1.2 Primary Energy Production
(Quadrillion Btu)

By Source, 1949-2022
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Figure 1.3 Primary Energy Consumption
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Figure 1.1 Primary Energy Overview
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U.S. energy consumption by source and sector, 2022
quadrillion British thermal units (Btu)

source?

petroleum
35.8
(36%)

natural gas
33.4
(33%)

renewable energy
13.2 (13%)

coal
9.8 (10%)

nuclear
8.0 (8%)

total = 100.4
guadirillion Btu

end-use sector®

percentage of sources percentage of sectors

o ot transportation
25% > 5% 27.5
g% (36%)

<1%

residential
12.3 (16%)

commercial
9.6 (13%)

total = 76.0
quadrillion Btu

electric power sector®

electricity sales to
ultimate consumers
13.3 (35%)

electrical system

Sources: U.S. Energy Information Administration (EIA), Monthly Energy Review (April

eia’

energy losses

24.4 (65%) 2023), Tables 1.3. 1.4c, and 2.1a-2.6.

total = 37.8 quadrillion Btu



s. . 97. B Lawrence Livermore
Estimated U.S. Energy Consumption in 2021: 97.3 Quads Lj National Laboratory
] . -

Muclear
813

2l

Hydro
s

Wind
3.33

Geothermal
0.208

Malural Gas
31.3

Emergy
DETVICES
1.4

Peatrolaum
351

mad I SLHL Harchk, Sl arA L& Dased o DOEJELR HER 1290505, IF This Lat WATLON af & Meproddadtiad £ = i AR, FeeIiT HIAT D gaeen Lo i Ll i Livesymoos Ma ! I ETOT
ad the Dapactmant =f Epacgy: undsc whoss auspicss the eock sar parfocssd: Distribotad slactcicity cepresmsmbs ealy matail slacicicity selse e;ad doar ot ieclods aslE EL&
CRELTCE CoRsisprion of ressweble rescurces |L.e., Bpdro, wind, gecchemmal and sslard far riclicy is Efl-egquiTalent waless by sesaming & cypdcal § . The
afficiency of slactoicity production i celoulated a2 the totel metail sdeactricity delivezed divided by the Lmary smasgy ing ricity parmrwtion: Ead oo Lancy iz
SLIMATSO AS LSO (o7 COE Cedidsnlis. SCDof, o8 [O0 Ched COEe-TOlEl Sebitor, JSL8 CoOf ThS CrEAREPSCTACLon Sebit el AW 200 Chel IBCMATIIA] BCEOb, ool WEs opdated o SO0 To rellech

ME's asaligaia Of maiilalCiaEiag. Tala maly fedl @pial fism O OoEpeorpalA geig [0 Rkl posifelineg . LIS -MI =400



U.S. primary energy consumption by energy source, 2021

total = 97.33 quadrillion total = 12.16 quadrillion Btu
British thermal units (Btu)
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Data source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3 and 10.1,

2 April 2022, preliminary data
€la’ Note: Sum of components may not equal 100% because of independent rounding.




Figure 10.1 Renewable Energy Consumption
(Quadrillion Btu) U. 5. Energy Information Administration / Monthly Energy Review June 2022

Major Sources, 19492022
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NextEra Energy has already demonstrated an ability to cost
effectively transform its generation profile

NextEra Energy Electricity Capacity by Fuel Type")

1988 2001 2021

43%

B wind & Solar Natural Gas [ Nuclear | Coal B Oil Purchased Power/Other

We believe NextEra Energy is uniquely qualified to execute on its Real

Zero carbon emissions goal to transform its generation portfolio

era

1) 2021 megawatts shown includes assets operated by Energy Resources, including those owned by ENERGY %
34 NextEra Energy Partners



Policies Matter

Generation Mix and Various Economic and Policy
Drivers Since 1949, Including Diversity Index
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Net Generation Capacity Additions and Retirements
National Capacity Additions (MW)
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o World net electricity generation shares by fuel

World net electricity generation by source
trillion kilowatthours

Share of net electricity generation
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Primary energy consumption by energy source

Primary energy consumption by energy source, world Share of primary energy consumption by source, world
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Oil demand falls over the outlook
as use In road transportation declines

Change in oil demand in road transport

Qil demand versus 2019 in Accelerated
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World energy consumption

World energy consumption
qguadrillion British thermal units
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Energy consumption by region

OECD energy consumption by region Non-OECD energy consumption by region
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THE REALITY: ENERGY POVERTY

B

1.2 billion people do not
have access to eleciricity
“16% of world’s

population

Source: IEA, World Energy Outlook 2016

Copyright of The Shell Petroleum Development Company of Nigeria Limited

=

Over 50% of the1.2 billion
people live in Sub-Saharan

Africa

Nigeria: 2d largest

population without access to
Eleciricity - 98 million
people
(8.3% of global population
without access to electricity)

UNRESTRICTED May 9, 2017



Society’s Progress is Intrinsically Linked to Reliable Energy Access

» Access to reliable, affordable, low-carbon energy is a critical enabler of higher living standards, including a longer
life and cleaner environment
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Life Expectancy at Birth
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W 450-537
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W8441-8973
[ No data

Percent of Population with Access to
Electricity

P 76.28: 8815
B > ss.15

Life Expectancy by Country

Source: UN World
Population Prospects

Source: The World Bank

Literacy Rates
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by Country

Adult literacy rate
(15 years and older)

B Less than 50%
[ 50% to 59%

[ ]160% to 69%
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[ ]No data

Source: International
Education Statistics



Eﬂergy use per year My fridge uses 9 times more electricity than
the average Ethiopian citizen

— s - kWh/year
El Salvador (kWh/year) 459
$ 35 hillon Kk
Ethiopia
530 hilloa k¥
300
Tanzania
11hillsa ki
Nepal
32 billoa K0 156
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306 billon ki 78 79
52
' US decorative holiday lights n n n E
N bl 43 bilin

Ethiopia Tanzania Liberia Nigeria Kenya Ghana My fridge

136

Source: [EA, 2010
Sources: ElA, World Bank ource

Stanford Natural Gas Initiative -
2017 Energy Poverty Symposium
Todd Moss




Energy poverty divide

Energy Use (Kg of oil equivalent per capita)
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India’s per capita energy consumption lowest among the top economies

Stanford Natural Gas
Initiative -

2017 Energy Poverty
Symposium




Electrifying India: Power for all RF
b i 4 A

The world’s largest un-electrified 5 | 4 1 'f
population /7 . YR/
Available 1100 TW translates to a 90 &0 Nl | ' '
watts per capita

EU 700 watts, US 1500 watts

250 watts can hardly be too ambitious
for India

100% villages by May 2018

Stanford Natural Gas
Initiative -

2017 Energy Poverty
Symposium

Pricing reforms will need to occur
across the energy chain

DNEP 2016 targets 2132 TWh by 2026-27
By 2030 India generationincreases 3 times to 3600 TWh.



The Value of, and the Need for,
Cleaner Thermal Fuels

$2.5bln ror comibatting air
pollution vs $25bln ©N ...

Deaths

Malaria HIV / AIDS Tubercolosis |nd00r Stanford Natural Gas Initiative -

air I]ﬂ"ll"ﬂn 2017 Energy Poverty Symposium
James Rockall WLPGA




Experts Generally Agree

Global Demand for Natural Gas Must Grow to Meet Ambitions of the Paris Climate Accord

CHESAPEAKE

ENERGY

Global Natural Gas Demand
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Developing a New Generation of Resources

Unconventional Longer, Hotter, Asset Optimization

Producing these new resources the Right Way




Mauna Loa Observatory, Hawaii

Monthly Average Carbon Dioxide Concentration
Data from Scripps CO» Program Last updated February 2023
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Oil and gas required in 2°C scenarios

Global energy-related CO, emissions
Billion tonnes

140

120
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Baseline
scenarios

100
80
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20

=== Assessed 2°C
— scenarios

2000 2020 2040 2060 2080 2100

Baseline and 2°C scenarios based on Stanford EMF27 full technology scenarios
EMF27-FT cases include CO, emissions from energy and industrial processes

EXOHMObil 2018 Energy and Carbon Session

2040 Global demand by model and energy type

Exajoules

800

600

400

200

13 Scenario’s from

Non-bio renewables

Bioenergy

Bioenergy w/ CCS

Nuclear
Coal

Stanford Energy Modeling Forum

Professor John Weyant

| Energy, arﬁﬁqr@gm
ExonMobil




Industry Response to Climate Questions

HOW IT STARTED... HOW IT’S GOING...

“It's not our fault...” “Politics aside, we can reduce our carbon footprint.
‘It doesn’t matter, you need us anyway.” Materially.”

Photos source: National Football League

CHESAPEAKE A ;
T ENERGY // EnerCom Dallas Energy Investment & ESG Conference — April 2022 8



Mobility

Today’s Toolbox

An Assessment of

the Diablo Canyon
Nuclear Plant for
Zero-Carbon Electricity,
Desalination, and
Hydrogen Production

Power Generation & Industry

gMany Options for Geologic: Storage of CO,

Overview of Geclogical Storage Options.

Prockcad ot or gaa
Injectac O,
ESLCUR Stows €O,

APPLICATIONS
Gymthetic @

Hybrid

®
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My Home

Trilogy® 45 Q-Mode (QE) and Trilogy® 45 (VE) Packaged Systems

High Efficiency & Comfort

This ENERGY STAR® awarded product means your home
benefits from the most energy efficient product on the market to
keep you exceptionally comfortable, while saving you money for
years in the future

o
‘6, Innovative Technology
- Benefit from the leading technology in home comfort with

variable speed components — the system only works as hard as it
needs to — improve your home efficiency and take advantage of
hot water generated by the system

Environmental Stewardship

This geothermal product reduces your home's energy usage by
benefiting from the natural temperature of the earth - eliminating
the use of fossil fuel and lowering your carbon footprint

Py Most Efficient
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refresh .o HD
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Getting The Bigger Picture: Ball Bearings

It’s

All

About

Optimizing

Components



Optimizing Any Component Can Improve
the Entire System

38 units enter Transmission
transmission lines line losses:

Power 2 units

plant losses:
62 units

Energy
contem
of coal:
100 units

34 units of heat

Energy used
to power the
light bulb:

36 units

2 units of

g \%

in the light

Reprinted with permission from Energy Efficiency Figure, What You Need to Know About Energy (2008) by the National
Academy of Sciences, Courtesy of the National Academies Press, Washington, D.C.



2013 US Efficiency by Sector
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Data : Lawrence Livermore National Laboratory (2014), based on US DOE/EIA-0035(2014-03), March 2014.



Global efficiency limits demand growth

Energy demand — guadrillion British thermal units (BTUs)

1,200
1,000
Energy savings
800
500 Rest of World
Orther Asia Pacific Non-OECD
400 India
China
200
OECD
0
2000 2010 2020 2030 2040

Ex¢onMobil

2018 Outlook for Energy: A View to 2040



Final energy demand peaks In all three scenarios
as gains in energy efficiency accelerate

Total final consumption Total final consumption by fuel
EJ EJ
550 . 600

Other
New

Momentum . Hydrogen

500 500

450
400 Accelerated

400 Net Zero

300

3560
200
300
—o— Accelerated
250 —o— MNet Zero 100
—o— New Momentum
200 : 0
2000 2010 2020 2030 2040 20560 2019 2060

bp Energy Outlook: 2023 edition



Identified Emissions Reduction Potential of Sector-
Specific Pathways for Meeting the 2030 Targets

ENERGY FUTURES

— INITIATIVE —;
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Trade Association Efforts

WHAT WE'RE DOING HOW TO PARTICIPATE ANNUAL REPORT 2019

} ONMENTAL ‘WHO WE ARE

Fugitive Methane Emissions

* 123%

Leak Detection Program

* 0.16% leak occurrence rate

« More than 78,000 sites surveyed

« More than 156,000 surveys
conducted

» More than 56 million components
inspected

General Info

increase in participating

« More than 3,000 high-bleed
pneumatic controllers replaced,
retrofitted, or removed from
service

* More than 28,000 high-bleed
pneumatic controllers replaced,
retrofitted, or removed from
service prior to 2018

= 38 participating companies no
longer have high-bleed pneumatic
controllers in their operations

STRATEGY & POLICY ~ CUMATE INVESTMENTS  NEWS & RESOURCES  CONTAC

bp Chevron
g
= s 37
% ‘ cﬁ: emnn equinor
.

ExconMobil XY

T R —

Occidantal Petroleum PEMEX PETROBRAS REPIOL

&gl gloljl

saudi oromco

s @ 2

A Burgeoning Industry

axEﬁ A R Y ABOUT SOLUTIONS INDUSTRIES NEXT-GEN ENERGY RESOURCES

COUNTIT. CUTIT.PROVEIT.

Climate Tech & Data Driving Decarbonization

TECHNOLOGY GOES TO WORK
CANARY X A
The Canary X is ifically ig to track With industry-leading sensitivity,

measurement frequency, and accuracy, the Canary X allows for the localization and quantification of
emission sources, enabling you to catch and remediate leaks faster than ever.

CANARY S v
SENSIRION NUBO SPHERE v
SUMMA CANISTER v
AERIS SENSORS v

https://theenvironmentalpartnership.org/2019-annual-report/



Tomorrow’s Toolbox

* Energy storage advances (not just batteries)

* Direct Air Capture (DAC) & Carbon Dioxide Removal (CDR)

e Battery technology past Lithium lon — solid state, flow, etc.

* Hydrogen (H2) — brown, gray, blue, green, pink, white, yellow, turquoise. And Ammonia
* Fuel cells

* Renewable Natural Gas (RNG) & Responsibly Sourced Natural Gas (RSG)

e CCUS/CCS advancements (UCR EOR, methane pyrolysis solid carbon, etc.)

» System optimization advances — Electrification, efficiency, renewable firming, & better
market design

* Plastic usage and regulations What a breakthrough in
: — nuclear fusion

* Nuclear —fusion and small scale fission technology means for

e Geothermal the future of clean

energy

Hydrogen as Part of a Low Carbon
Geothermal Update Economy in the US

Geolagicat storage

+ 0Old paradigm “conventional” geothermal is improving American scientists have announced what they have called a major
slightly
* New paradigm “geothermal anywhere” is HOT

. Expdecx clarity in the next year or two as multiple technologies test in real-
world

breakthrough in a long-elusive goal of creating energy from nuclear
fusion.

« If even one works, it will spark a major boom
+ Significant capital flowing in
* The majors are showing strong interest but have not jumped yet (in general)
* Re-purposing of old fields is high interest
. x minimum useful temperature is decreasing -> Organic Rankin Cycle, supercritical

The U.S. Department of Energy said on Dec. 13, 2022, that for the first
time — and after several decades of trying — scientists have managed
to get more energy out of the process than they had to putin.

WATCH: Scientists announce fusion energy breakthrough, possible
game-changer for climate

L, cosrich ¢

The Storage Potential
of Gravity Wells

Olive Cree

Monolith's Olive Creek 1 (OCl)
commercial-scale facility is the first
of its kind in the world and the first
carbon black production facility to
be constructed in the U.S. since the
1980s

oci
27077 SW 42nd Street
Hallam, NE 68368
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ENERGY FUTURES

Breakthrough Technology Portfolio, Post-2030

— INITIATIVE —;
D 7 wid _
Smart Cities EI Building Performance Technology ﬁ] Floating Offshore Wind % Clean Cement q; Advanced Photovoltaics
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- Seasonal Storage

Seasonal Storage

Electolyzer + H2 Storage (Power2Gas) + FC/Generator

High Temp Thermal (CSP)

Building or Load shifting

Seasonal Thermal

Pumped Hydro
CAES
Flow Battery
Load Ackd Sweiony Seasonal Energy
Tor B .
Lon Sathery Storage Options
Flywheels
Supercapacitors
SMES
Regulation Load Following Energy Shifting ‘
milliseconds seconds minutes hours days months

Direct Air Capture, Large Scale Carbon Management

CAPTURE

Dilute Sources

Concentrated Sources

”ne

:

i
=

Source: EFI Analysis, NREL
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THe UNIVERSITY of OKLAHOMA

PRICE

COLLEGE OF BUSINESS

The Color Spectrum of Hydrogen Supply

Higher H, Production Cost Lower H, Production Cost
$5.60 - 13.00/kg H, $1.35 - 2.30/kg H,
Renewable* Nuclear* “Grid” Natural Gas  Fossil Fuels/ Natural Gas Coal
(electrolysis) (electrolysis) (electrolysis) (pyrolysis) Natural Gas (steam reforming (coal gasification
(w/ CCS) w/0 CCS) w/0 CCS)

Gs T >3 Cey Boren
No direct CO, Solid .
K

Biomass Gasification ~ $1.90/kg 99% 98%

Nuclear thermolysis ~$2.40/kg Fossil Fossil
Fuel Fuel
f% BUREAU OF Source: Production & cost data from DOE, Office of Fossil Energy, 2020
& Economic
w GEOLOGY M S BN+ .
https://www.energy.gov/sites/prod/files/2020/07/£76/USDOE_FE_ Hydrogen Strategy July2020.pdf




We believe decarbonization will be driven by the low cost of
renewables and will require a set of core skills that have
been two decades in the making at NextEra Energy

Economic Drivers and Core Skills Required
Potential Cost per MWh Late-2020s(")

($/ MWh) Comprehensive
Renewables
Near-Firm Wind w/ $25-%$32 and Storage e
i ' EV and Capabilities 4 Superior Sites
Near-Firm Solar [/ $30 - $37 ooy or

2 -
Existing Natural Gas” J $35 - 947 Mobility Interconnections

Existing Nuclear[:] I 55 - 549
existing Coni” NN 5+ - 574

New Natural Gas CC I$56 - $69 Transm_i;gion ~1 60 Gw Data Analytics
7/, Storage Adder"® ] Carbon Adder Capabilities U.S. renewables B "¢t

. : @) , and storage
U.S. Electricity Production by Fuel Type demand

»

B Wind & Solar Natural Gas B Nuclear B Coal ™ Other

Hydrogen 2022-2025(5} Market

and
Renewable Knowledge
and Retail
Fuels

Behind the
Meter
Renewables

Firming and
Shaping

Energy Resources’ estimate, based on current law

1)

2) Represents all-in cash operating cost per MWh including fuel and ongoing capital expenditures .

3) Near-firm assumes a 4-hour battery to achieve roughly equivalent reliability during peak hours for comparison N EXTeI"a
with dispatchable generation sources

4) Source: U.S. EIA Annual Energy Outlook (2021); IHS 2021 Fast Transition Case (2035E) EEEM

26 5% Source: IHS North American Power Market Outlook (November 2021)



Thank You!



	Slide 1: Reshaping the energy system with technology & new resources
	Slide 2
	Slide 3: Tradeoffs between what
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Policies Matter  Generation Mix and Various Economic and Policy Drivers Since 1949, Including Diversity Index
	Slide 12
	Slide 13: World net electricity generation shares by fuel
	Slide 14: Primary energy consumption by energy source
	Slide 15
	Slide 16: World energy consumption
	Slide 17: Energy consumption by region
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Developing a New Generation of Resources
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32: Optimizing Any Component Can Improve the Entire System
	Slide 33: 2013 US Efficiency by Sector
	Slide 34: Global efficiency limits demand growth
	Slide 35
	Slide 36
	Slide 37
	Slide 38: Tomorrow’s Toolbox
	Slide 39
	Slide 40: Hydrogen Supply
	Slide 41
	Slide 42: Thank You!

