The Inevitability
of Electrification

"The global power grid is being rewired. You can either argue about
the old outlets or help connect the new ones." - Futurist Jim Carroll

& by Jim Carroll




Agenda

Economic Imperative

Cost competitiveness, price stability, and externalities

Technological Flywheel

Battery revolution, EV platforms, and intelligent grid

Market Momentum

China's influence, investment stickiness, and corporate
adoption

Navigating Headwinds

Infrastructure gaps, system costs, and growth patterns




Executive Summary

The global shift to an electrified energy system is no
longer a question of if but how fast. This transition has

surpassed a critical tipping point, propelled by three
powerful, self-reinforcing forces:

e Superior economics

e Accelerating technological innovation

e Entrenched market momentum

While significant challenges remain, they are increasingly

problems to be solved within the transition, rather than
barriers capable of halting it.




The Economic Imperative

Cost Competitiveness

Renewables are now the cheapest
source of new power generation in
most markets worldwide

NG

Price Stability

Zero fuel costs provide long-term
price certainty and protection from
volatile fossil fuel markets

Externalities

Growing recognition of unpriced
costs like health impacts and
climate damage from fossil fuels



The LCOE Revolution

120

80

40-

Solar PV

Wind

Natural Gas Coal
| 2015 @ 2020 B 2024

Levelized Cost of Electricity ($/MWh) - Mid-range values

By 2023, 81% of all new renewable capacity added globally produced electricity more cheaply than the most economical fossil fuel alternatives.



The Fossil Fuel Volatility Tax

The Hidden Cost of Volatility

e Fossil fuel prices are inherently volatile due to
geopolitics and supply disruptions

e At peakin 2022, energy prices caused one-third of 40-
year high U.S. inflation

e This volatility functions as a hidden tax on economies

The Renewable Advantage

e Zero fuel cost means stable, predictable electricity
prices for 20-30 years

e Creates "investment stickiness" toward electrification



Accounting for Externalities

4.5M $2.9T $0.19-0.45

Premature Deaths Economic Cost Hidden Cost per kWh
Annual global deaths attributed to Annual global cost of fossil fuel health  Additional health-related cost for coal
fossil fuel air pollution impacts (3.3% of global GDP) electricity when externalities are
included

As these external costs become quantified and internalized through policy, the true cost of fossil fuels is revealed to be
profoundly uncompetitive.



The Technological Flywheel
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capital for R&D across industries



The Battery Revolution
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The $100/kWh threshold is widely considered the tipping point for EV price parity with internal combustion vehicles. Some manufacturers in China have already

breached this level.



The Dual Impact of Batteries
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Electric Vehicles Battery Technology Grid Storage
Affordable mass-market EVs with Massive scale drives innovation and Economically viable energy storage
increasing range and performance cost reduction for renewable integration

Batteries are the "keystone technology" that physically and economically binds the decarbonization of transport and

power sectors.



The EV as a Platform

From Vehicle to Digital Platform

EVs are evolving from simple transportation to
sophisticated, integrated digital platforms with:

e Over-the-air updates for continuous improvement

e Software-defined features and experiences

e Superior driving experience (instant torque, quiet
operation)

e Lower maintenance requirements

This creates a superior user experience that legacy ICE

vehicles cannot easily replicate.



The Intelligent Grid

@ Al & Analytics C'_'\@ Advanced Metering o’  Vehicle-to-Grid
Predictive maintenance, load Smart meters providing real- EVs becoming distributed
optimization, and real-time time data for better grid energy resources, providing
grid management visibility and control grid services and storage

The grid is transforming from a passive, one-way delivery system into an intelligent, flexible, and interactive network.



Grid Investment Challenge

S600B

$390B

Current Annual Investment Required Annual Investment Aging Infrastructure
Record global investment in power Needed by 2030 to support climate U.S. distribution lines that have
grids (2024) goals surpassed their 50-year life

expectancy



The Unstoppable Market

Geopolitical Reality

1 Energy transition as national security and economic leadership

Investment Momentum

2
Trillions in deployed capital creating economic facts on the ground
Corporate Adoption
3 Major companies driving decarbonization throughout

supply chains

The transition has matured into a market with powerful, self-sustaining momentum that transcends short-term political

and economic cycles.



The China Effect

China's Strategic Dominance

e 60% of global EV sales
e 75% of lithium-ion battery production
e 70% of cathodes, 85% of anodes

e Processing over half of key battery minerals

China's deliberate industrial policy has established it as
both the world's largest market for clean technologies
and its largest producer.




The Competitive Response

$818B $130B 115K

China's Investment U.S. IRA Impact New Jobs
China's annual investment in energy New clean energy investments driven  Jobs created by IRA investments, 90%

transition (2024) by the Inflation Reduction Act in Republican-voting states

China's dominance has forced a competitive reaction, spurring massive public investment programs like the U.S. Inflation
Reduction Act and the EU's Net Zero Industry Act.



The Stickiness of Investment

Creating Economic Facts on the Ground

e Global investment in energy transition exceeded $2.1
trillion in 2024

e New factories and jobs create powerful constituencies

e Political cost of reversal becomes prohibitively high

The debate is evolving from "should we build this

industry?" to "how do we protect the massive
investments we have already made?"
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Corporate Adoption

Massive Corporate Demand

Over 400 major U.S. companies
committed to 100% clean
energy, equivalent to 25% of all
U.S. electricity consumption

Supply Chain
Transformation

Corporate climate goals
cascading through tiers of
suppliers, creating a "bullwhip
effect" of decarbonization

throughout the economy

Beyond PR to Strategy

Companies adopting clean
energy for economic and risk-
mManagement reasons, not just
reputational benefit



Navigating the Inevitable Headwinds
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Infrastructure Gaps Critical Material Bottlenecks Funding Shortfalls
Transmission, distribution, and Supply chain concentration and Multi-trillion dollar annual
storage constraints scaling challenges investment gap

These challenges represent the "hard part of the journey" - complex problems to be solved within the transition, not
barriers that will halt it.



The Investment Gap

Total Clean Energy
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Annual investment required by 2030 to align with net-zero pathway (in billions)

These gaps represent the largest investment frontiers of the 21st century, attracting new forms of capital and business models.



Beyond LCOE: System Costs

The Valid Criticism

LCOE doesn't capture the full cost of integrating high : .I
shares of intermittent renewable energy: :

L
Gaele intagration

e GCrid reinforcement expenses

3.

Foid in

Grid Integration
B Tt

e Balancing supply and demand

e Maintaining firm, dispatchable capacity

The Market Opportunity

These system costs create the commercial market for

enabling technologies: batteries, V2G services, demand I
response, and Al-driven management.



From Exponential to Linear Growth

Early Adoption Market Maturation
Exponential growth from small base Stable, significant growth
Tech-savvy, wealthy consumers Mainstream adoption
Easier infrastructure access Optimized supply chains

1 2 3

Mass Market
Linear growth from large base
Price-sensitive consumers

Infrastructure challenges

The shift to linear growth signifies market maturation and deep entrenchment, not failure. A10% annual growth on a massive
base is far more impactful than 60% growth on a tiny base.



Investment Thesis for the Next Decade
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00 Gridinfrastructure ()] Energy Storage
High-ROI grid-enhancing technologies that unlock Short and long-duration storage solutions to address
capacity on existing infrastructure at a fraction of the intermittency and provide grid services

cost of new construction

N . .
2 &> Circular Supply Chains < / > Enabling Software
Sustainable mining, advanced processing, and battery Al-driven grid management, energy trading systems,
recycling to create secure, resilient material flows and platforms for monetizing distributed energy

resources



Learn More
energy.jimcarroll.com

Discover comprehensive insights on the global energy transition and
electrification trends at Jim Carroll's dedicated resource hub. His
keynotes provide expert analysis, market forecasts, and investment
opportunities in renewable energy. His material is regularly updated

to help you navigate the inevitable shift toward a sustainable energy

future.



