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INTRODUCTION

Nations have risen and fallen, governments come to power and been ousted, and businesses created and
destroyed, all in the quest for energy." Today we stand at a critical inflection point for the energy system.

For decades, the world has wrestled with an energy
trilemma: balancing the three goals of (1) a secure,
resilient, and reliable energy supply; (2) universal access
to affordable energy for domestic and commercial use;
and (3) an energy system that mitigates and avoids
environmental harm.

However, the complexity of balancing these competing
priorities has dramatically increased in a world facing
multiple interlocking crises. The shocks have kept on
coming: the COVID pandemic and its aftermath,
international conflicts in Ukraine and the Middle East,
pressure to decouple from Chinese supply chains, and more
frequent extreme weather events and natural disasters.

Navigating this unprecedented and uncertain energy
landscape is critical for long-term investors for four
key reasons:

1. Energy is critical for everything humans do. It not
only accounts for 10% of the global economy but is
also a crucial input into the other 90%. Energy prices
also drive key macroeconomic indicators, including
inflation, consumer spending, economic growth and
external balances. Government responses to surging
energy prices can also have fiscal consequences. And
energy price shocks generate market turbulence through
trade, commodity markets and monetary policy, creating

significant investment uncertainty.?

2. Energy security is national security. Establishing and
maintaining dependable access to energy lies at the
heart of many geopolitical fault lines. These geopolitical
risks are critical for understanding sovereign risk,
evaluating potential capital restrictions on less liquid
investments and monitoring country-specific risk factors
across the portfolio.

3. The energy transition — the shift towards
electrification and a low-carbon energy mix —

creates an array of attractive new investment
opportunities. However, the energy transition also leads
to obsolescence risk in waning energy sectors that may
still be overrepresented in investors’ portfolios, while
simultaneously requiring vigilance against overhyped
innovations that are often too distant, uneconomic or

politically unfeasible.

4. For investors with ESG goals or decarbonization
commitments, the inescapable arithmetic of global
energy demand and supply means that fossil fuels will
remain a major source of energy supply for decades to
come — despite the ongoing and necessary transition
to a low carbon economy. Such a world will need
considerable nuance — and a simplistic strategy that
divides the investment world into “brown” villains and
“green” heroes will 7oz be the most effective approach to

achieve either environmental or fiduciary objectives.

To understand the emerging investment opportunities and
hidden risks from a global energy system in transition, we
have drawn on the insights of 30 investment professionals
across PGIM's fixed income, equity, real estate, and private
alternatives managers — as well as leading policymakers,
academics, entrepreneurs, private equity and venture

capital investors.

We lay out the key drivers reshaping the energy system

in Chapter 1. Electrification is a critical and growing
component of this system, and the resulting tradeoffs amidst
a prolonged energy transition are summarized in Chapter
2. These foundational hypotheses and concepts allow us to
highlight the most attractive investment themes across the
energy system in Chapter 3, where we also lay out the case
for avoiding speculative opportunities that garner much
media hype. Finally, Chapter 4 lays out an action plan for
chief investment officers as they evaluate the impact of the
evolving energy system across their portfolio.
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CHAPTER1

THE NEW ENERGY LANDSCAPE

Global energy production in 1800 relied mostly on biomass — wood, crop waste, charcoal - and would have powered
today’s world for only 12 days. With the second industrial revolution and the dawn of the 20™ century, our demand
for energy began increasing, a combination of rising populations, growing economies and new energy-intensive
technologies - ranging from steam engines and automobiles to airplanes and computers (Exhihit 1). To meet our
seemingly insatiable demand, the energy system has become ever more complex, adding an array of new energy
sources - first coal, then oil and gas, and most recently renewables. Importantly, through each evolution of the
energy system, legacy fuel sources have been supplemented rather than completely replaced.

With regard to supply, energy sources are often segmented
into two groups: (1) fossil fuels like coal, oil and natural gas
which emit carbon; and (2) zero-carbon sources — including
renewables (e.g., solar, wind, hydro) and nuclear power —
that generate electricity without carbon emissions. Note that

electricity itself is not an energy source, but rather a critical

Exhibit 1: Energy consumption took off in the late 20™ century
Annual global energy consumption, terawatt hours

intermediary that delivers power generated from these
sources (Exhibit 2A). Combined, these two groups comprise

all primary energy sources.

As for consumption, it is often segmented into four groups:

industrial, transportation, residential and commercial

(Exhibit 2B).
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Source: PGIM Thematic Research, International Telecommunication Union, US Bureau of Transportations Statistics and International Air Transport Association. March 2024,
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Today’s energy system

Exhibit 2A: The energy system - a simplified schematic
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Note: A small portion of oil is used for electricity generation and some renewables are directly used within sectors.
Source: PGIM Thematic Research.

Exhibit 2B: Primary energy usage by sector
Uses of primary energy; quadrillion British thermal units (2022)

Industrial Transportation Residential Commercial Total Share
0il 65 110 1 5 190 30%
M 89 5 38 20 153 24%
_ 110 2 32 22 166 26%
60 2 23 16 101 16%
13 1 8 6 28 4%

336 120 13 69 638

53% 19% 18% 1%

Note: Numbers are rounded to full digits. The primary energy per sector includes the amount that is used through electricity generation but does not consider the different efficiency rates of
primary energy sources, leading to deviation from the usual calculation of consumed energy seen in Exhibit 5. For a detailed breakdown of electricity generation see Appendix A.7.
Source: US Energy Information Administration. April 2024.
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Today our energy system sits at a critical inflection point —
shifting away from fossil fuels where possible, promoting
electrification and adding renewables to the energy mix.
While it will take decades for every contour of this new
energy landscape to be fully realized, three foundational

themes will be critical.

Energy security issues will
be a key factor in the pace
of energy transition.

1. With rising geopolitical tensions,
energy security is national security

Energy has been the root cause of geopolitical tensions and
wars for centuries, and it is difficult to overstate the primacy
of ensuring a secure and reliable supply. Dependable

energy is not just critical for economic development, it is

considered by most countries to be an essential aspect of

Exhibit 3: Natural gas importers face greater price volatility
Natural gas price per one million British thermal units
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national security. This is what leads governments — like
Japan, China, Germany, the US and India — to maintain

strategic reserves of oil or natural gas.?

Indeed, when faced with supply shortfalls and the stark
prospect of energy rationing, even countries reasonably

far along in the transition to zero-carbon sources put their
need to meet current energy demand ahead of long-term
decarbonization goals. For example, with their gas supply
threatened by Russia’s invasion of Ukraine, Germany returned
to heavy carbon-emitting sources like coal-fired power plants

to ensure access to a dependable energy source.*

When considering energy security, it is important to note
each country faces a unique landscape. At one end, countries
with vast reserves of oil or natural gas (and to some degree
coal), have reliable access to energy and typically make
domestic energy sources the basis of their national energy
strategy. Because of their primacy, energy security issues will
be a key factor in the pace of energy transition away from
fossil fuels. This typically means that countries where fossil
fuels are relatively abundant — China, the US, India and

the Middle East, for example — will likely have an extended

transition to renewables (see Appendix A.1).

Europe

2023 2024

Note: The cuts to gas supply refers to the first Nordstream pipeline shutoff from Russia to Germany.

Source: World Bank. April 2024.
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On the other end of the spectrum, countries not naturally
endowed with significant oil or natural gas reserves have two
alternatives. Their first option is to rely on importing fossil
fuels. An extensive global infrastructure network to store
and transport fossil fuels (e.g., pipelines, shipping terminals
and storage facilities) built over decades makes this a viable
choice. However, countries highly dependent on importing
fossil fuels bear more geopolitical and price risk. These risks
were brought to the fore when uncertainty rose around

the supply of Russian natural gas to Europe as early as the
summer of 2021. Germany, Italy and other nations were left
scrambling as natural gas prices soared in Europe six months
before the invasion of Ukraine in early 2022 (Exhibit 3).

The second option for countries not endowed with
sufficient fossil fuel reserves is to seek alternative domestic
energy sources. This was an important driver of investments
in nuclear energy production: The oil shocks and rationing
of the 1970s prompted government-led efforts to build
nuclear power plants in France, Sweden and South Korea to
boost energy independence (Exhibit 4).° Today, nuclear
energy still provides a significant amount of energy to many

of these countries (see Appendix A.2).

Countries not naturally
endowed with oil or gas reserves
have two alternatives: they can
import fossil fuels or seek out
alternate energy sources.

While renewable power generation eliminates vulnerabilities
from importing fossil fuels, it also raises new security

issues around the supply chains of critical components.

For example, China dominates supply chains for lithium
batteries controlling more than two-thirds of global
processing capacity.” Additionally, China accounts for 80%
of global manufacturing of solar panels — and has built

up sizable technology, efficiency and cost advantages over

competitors in other countries.®

Exhibit 4: Nuclear power peaked after the 1970s oil shock
Nuclear reactor construction starts between (971 and 1983

45

30
0

1971 1974 1977 1980 1983

Note: From 1984 to 2022 there were only five occasions with more than ten
construction starts.
Source: World Nuclear Association. March 2024.

To counter these vulnerabilities in renewable supply chains,
countries are taking measures to ensure a diverse supply of
critical metals and manufactured components. Australia,
for example, which supplies about half of the world’s raw
lithium, is expanding its capacity to process and export
battery-ready minerals.” Other countries — like India and
the US — are using subsidies or tariffs to support domestic
supply chains and production capacity for solar panels to

reduce their dependence on imports.!®!!

2. Our reliance on fossil fuels will
continue for decades, even amidst
the energy transition

Our global economy has evolved over decades with fossil
fuels as the primary source of energy. They currently provide
80% of global energy and are likely to remain a significant

component of global energy supply for decades (Exhibit 5).

There are multiple economic and political reasons for the

continued significance of fossil fuels, but three factors are

PGIM | FUELING THE FUTURE 7



often underappreciated in discussions on the pace of the
energy transition. First, there are many specific industrial
uses where renewables may not offer a complete substitute
for fossil fuels. Second, the elaborate global infrastructure
network for fossil fuels provides a huge incumbency
advantage over renewables. Third, permitting issues and
NIMBYism contribute to a lack of capital for critical

renewable infrastructure.

Fossil fuels directly power industry and
transportation

The current stock of capital goods is highly reliant on

fossil fuels. For example, the two largest energy consuming
sectors — transportation and industrial — account for 72% of
all energy use. Notably, this consumption is dominated by
direct use of fossil fuels.

Transportation

In the transportation sector, gasoline, diesel or other

petroleum-based fuels are poured right into the tanks of

Exhibit 5: Fossil fuels power today’s world
Energy consumption by primary source, terawatt hours

TWh
160,000

120,000

80,000

40,000
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Note: Zero-carbon includes solar, wind, biofuels, hydropower and nuclear.
Source: US Energy Information Administration, Global Energy Outlook 2023. March 2024.
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automobiles, trucks, airplanes, ships and motor-bikes
around the world. In fact, fossil fuels provide 98% of the
energy used for transport globally.

The current stock of capital goods
is highly reliant on fossil fuels. For
example, the two largest energy
consuming sectors — industrial and
transportation — account for 72%
of all energy use.

Even in segments of transportation where electrification is
already underway — such as automobiles — it is exceedingly
slow. There are 1.3 billion internal combustion engine (ICE)
automobiles on the road today. Even optimistic forecasts for
penetration of electric vehicles (EVs) have well over a billion

ICE vehicles remaining through 2050 — roughly twice the

— Zero-carbon
About 20%

— Fossil Fuels
About 80%

2008 2022



number of EVs (Exhibit 6).'? Furthermore, those forecasts
may be increasingly unrealistic as major car manufacturers
such as Toyota, Ford and Volkswagen are scaling back their

long-term forecasts for EV demand.'> %1

Indeed, fossil fuels have several characteristics that make them
exceptionally difficult to displace in the transportation sector.
One attribute especially challenging to replicate is their energy
density, which is critical for mobility and transportation.

That is, on a per-kilogram basis, natural gas, coal, gasoline
—and even wood — provide significantly greater energy than
electricity stored in a lithium-ion battery (Exhibit 7). The lack
of energy density limits the usage of batteries for transport
because at scale the weight of the batteries themselves
becomes a factor. For example, today’s battery technology is
often sufficient to power motorbikes, automobiles and buses
but is too heavy for long-haul travel by commercial airplanes,

cargo ships, trucks or freight trains.

Industrial

The direct use of fossil fuels is ubiquitous and often without

any viable substitute in the industrial sector as well. The

Exhibit 6: Global EV adoption is moving slowly
Total vehicles powered by electricity and internal combustion
engines, millions

2,000
ICE
1,500
1,000
500
EV
0

2022 2035 (F)

2050 (F)

Note: (F) indicates forecast.
Source: US Energy Information Administration, International Energy Outlook 2023.

Exhibit 7: Current batteries cannot compete with fossil fuels on energy density

Energy density in megajoules per kilogram

Natural Gas
53.1 MJ/kg

Gasoline/Diesel
45.8 MJ/kg

Source: Adapted from Brookings, “Why are fossil fuels so hard to quit?” March 2024.

43

Lithium-ion
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Wood
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role of metallurgical coal in steelmaking provides a useful
example of the difficulty in replacing certain attributes of
fossil fuels. Combustion of coking coal not only provides
the intense heat needed to melt the iron ore, but the carbon
released from the coke also very efficiently separates out pure
iron from oxidized iron ore by chemically combining with
the oxygen.'® This chemical reaction that purifies iron ore

is critical to manufacturing new steel. Electric arc furnaces
offer an alternative — though often at higher cost — to many
aspects of steel recycling. However, they are rarely used to

manufacture new iron.

The shortfall in electric grid
capacity to support electrification
is becomz'ng a material constraint

on the global energy transition.

The global network of transport and storage
infrastructure for fossil fuels will not be
replicated soon

Another incumbency advantage of fossil fuels is the elaborate
infrastructure — namely, in storage and transport — built out
over time. With more than 500,000 gas stations globally,
gasoline can be accessed in nearly every corner of the world —
even where it is not locally produced. The sheer geographical
spread of gas stations is a testament to the extensive network
that exists to produce, refine, transport and store gasoline.
By comparison, electricity is more difficult to store and
transport than oil or gasoline. Long-term power storage lacks
scale, efficiency and mobility, and an extensive network of
infrastructure to store, distribute and transport renewably-

generated electricity is a distant prospect.!”

10 FUELING THE FUTURE | PGIM

Regulatory and political challenges contribute to
a lack of capital for renewable infrastructure

Estimates for the additional energy infrastructure needed
for renewables are immense — routinely reaching into the
hundreds of trillions of dollars. In 2023, $1.8 trillion was
invested in global renewable infrastructure. That annual
pace would need to more than double over the next 25 years

to meet global net-zero objectives by 2050.'8

The shortfall in electric grid capacity to support
electrification, for instance, is becoming a material
constraint on the global energy transition.” Delays in
connecting new generation projects to the US power grid
are growing and now average about five years — more than
double the wait time in 2007 (Exhibit 8). This is not
merely a US phenomenon either. Tens of billions of dollars
in renewable power projects across Asia, Europe and the
Americas are being cancelled or delayed due to the lack of

new capacity in existing grids.* 2%

Exhibit 8: Get in line - longer delays in grid connection
Average time from request for grid connection to operation, US

Months

60 ]
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Source: Lawrence Berkeley National Laboratory. March 2024.



Indeed, transmission is crucial for renewable power
generation as the optimal wind and solar farms are
usually remote locations far from population centers. The
planning and permitting phase for transmission lines in
Europe and the United States can routinely take six years
or more, often twice as long as the time needed to build
the transmission lines.?? Permitting in most countries is
often highly decentralized and fragmented. This leads

to opposition from local communities as few welcome
wind turbines or high-voltage transmission lines in their
neighborhoods. This NIMBYism raises uncertainty around
the viability of such projects and has a chilling effect on

private capital investment in this space.

3. A major transition is underway -
with electrification at the center of it

Despite the notable incumbency advantages of fossil fuels,
the global energy system finds itself at a critical inflection
point. Previous energy transitions — from wood to coal

in the 18" century and from coal to oil in the early 20™
century — have unfolded slowly, often over a century or
more.”* A major transition has been underway for two
decades from fossil fuels to lower-carbon sources, driven
by climate change concerns, government subsidies and
regulations, technological innovations, and lower costs of

renewable production (Exhibit 9).

Exhibit 9: The current energy transition has been ongoing for two decades

Increase in primary sources’ share of global energy consumption

40%
Zero-carbon
/ +35%
30%
20%
S 2 ‘""“s Natural Gas
10% e L s .
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- - -
e Coal
-6%
-10% /——_\
-14%
-20%
2005 2011 2017 2022

Source: Energy Institute, Statistical Review 2023. March 2024.
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Exhibit 10: Renewable power is skyrocketing Electrification is a critical component of this decarbonization
New renewable electricity generation added glabally, gigawatts transition for two reasons. First, it reduces the direct use of

aw fossil fuels — like in automobiles and motorbikes. Second,
electricity is the one form of energy that can be affordably

500 produced without significant carbon emissions, most
obviously by solar, wind, hydro or nuclear generation.”
Renewables have increasingly become the first choice for

400 new power generation capacity in major energy markets like
China, the US, India, the EU and Brazil. In 2023, the world
increased its renewable capacity by 50% — and the next five

300 years are expected to see at least the same pace of growth.
At this rate the world could more than double its renewable
capacity by 2030 (Exhibit 10).%

200

The tradeoffs in energy sources, while often
0 so 2013 2005 2017 2019 2021 2023 overlooked, are a critical feature of the energy

transition — and the focus of Chapter 2.

Source: International Energy Agency and International Renewable Energy Agency.
March 2024.
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CHAPTER 2

NOBODY IS PERFECT: TRADEQFFS

IN SOURCES OF ELECTRICITY

Today, electricity accounts for 20% of all energy consumption. Under some electrification scenarios, that
share could potentially reach 50% by 2050.% The adoption of digital technology - from mobile phones and
cloud computing to artificial intelligence and crypto mining - will only accelerate the immense growth in global
electricity demand. This chapter examines the tradeoffs between various sources of electricity and lays out
some of the fundamental policy and societal choices around electrification - a critical decarbonization lever as

we transition to a lower-carbon energy system.

Given the massive investment poured into renewable power
generation globally by governments and private industry,
it is striking to note that more than 60% of all electricity is

still generated from fossil fuels (Exhibit 11).

Of course, this aggregate figure masks the tremendous
variation across countries — for example, India generates

almost 75% of its electricity from fossil fuels while less than

Exhibit 11: Electricity generation still relies on fossil fuels
Share of global energy sources in electricity generation

[l Coal woil

&= Natural gas

/7
-
//%/

100%

80%

60%

40%

20%

0%

1900 1920 1940 1960

Source: PGIM Thematic Research, Ember and Pinto, et al; 2023. March 2024.
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% Hydropower

5% of Norway’s power comes from them? (Exhibit 12). And
one country is very prominent at both ends of the energy
transition. China is not only one of the largest consumers

of fossil fuels — using enough coal annually to power the
entire United States — but also a leader in the transition to

renewables — China added more solar and wind capacity in

2023 than the rest of the world combined (see Appendix A.3-6).

& Nuclear I Solar and Wind

- Zero-carhon
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Powering Change: Al’s growing role in the energy system

Despite the breathless hype, one crucial aspect of Al s still often underestimated: the exponentially increasing
demand for computational capacity to power the training of large language models. This will have profound
implications for data centers and may be one of the most overlooked aspects of the energy transition.

Data centers today consume about 2% of global electricity — more than the nation of France.?*

This is expected to more than double by 2026, equivalent to the electricity consumption of Japan.*’ And, when
combining energy needs from training large language models with cloud computing and bitcoin mining, data

centers could, by some estimates, be consuming over 20% of the world’s electric supply by 2030.3% 3

Notably, data centers are driving new demand in developed countries where electricity growth has been
sluggish.* Electricity demand from data centers in Ireland, for example, is poised to double by 2026 and will
make up roughly a third of all electricity demand by then. And the dramatic increase in power needs from data

centers is a major reason behind the near doubling of forecasts for US demand growth over the next five years.”

Energy to power and cool the servers — the largest operating cost for data centers — is already a constraint on
new construction and expansion.’® For data center operators this means they must not only consider how to
scale their business models to accommodate the increased computational intensity and demand for training

deep neural networks, but also where to locate new facilities and how to source abundant and cheap power.

Data center operators are responding to this challenge in different ways. Some are actively partnering with zero-
carbon energy providers to incorporate a dedicated power source into their data center complexes. Hydrogen
power has been part of the solution for several years, and the first off-grid modular data center powered

entirely by hydrogen recently opened in the US.? % And the largest data center operators globally are entering
partnerships or joint ventures with renewable energy providers.*> Amazon, for example, acquired a hyperscale
data center campus in Pennsylvania that is adjacent to a nearby nuclear reactor.*’ Other data center operators

have also been exploring small modular reactors.!

PGIM | FUELING THE FUTURE 15



Exhibit 12: Zero-carbon’s role in power generation differs widely across the world
Share of total electricity generation from nuclear energy, renewables, and hydroelectric

The Americas Europe

Source: International Energy Agency and Energy Institute. March 2024.

Nobody is perfect: Tradeoffs from
different sources of electricity

An optimal energy system would not only have secure access
to primary sources and key components, but it would also
provide electricity cheaply when it is most needed and
without harming the environment. What is often ignored is
that: no single source of electricity is optimal across these three

fronts. That is, fossil fuels and zero-carbon sources present

different tradeoffs.

1. Dispatchability

Dispatchability is technical jargon for the ability to generate
power when it is needed, i.e., how easily power production
can be turned up or down to meet variations in demand.
Typically, electricity is managed around baseload — the
minimum level of power demand at any time during the
day. In periods when demand increased above the baseload,
complementary sources of power could be switched on as
needed to meet the rising electricity demand and then shut
off as demand declined overnight.** % Baseload power was
typically provided by plants (such as nuclear or coal) with
low marginal cost but little ability to adjust output, while
complementary power plants (often, natural gas turbines
or sometimes hydropower) had a higher marginal cost of

production but were dispatchable — that is, their production

16 FUELING THE FUTURE | PGIM
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could easily be dialed up or down to respond to daily

fluctuations in demand.*

By contrast, most renewables — especially solar and

wind — are intermittent. That is, their production is not
easily adjusted — and they have considerable variation in
production over the course of a typical day. The more
renewable power on the grid, the greater the swings between
minimum and maximum power production within a day.
This has created a new set of infrastructure needs and
challenges as intraday supply-demand imbalances need to be

actively managed by grid operators.®

Current electricity grid and transmission infrastructure

is heavily reliant on dispatchable power sources to meet
these daily fluctuations in demand. Because of this, simply
replacing baseload and complementary fossil fuel sources
with more intermittent renewables can lead to significant

challenges downstream.

Managing grids with extensive intermittent power sources
is feasible — but renewable power generation needs to be
paired with complementary infrastructure to enable it.
Utility-scale power storage capability, for example, could be
used to meet daily fluctuations in demand. In the absence
of sufficient storage capacity, easily dispatchable power
sources (like some hydroelectric or natural gas) or long-
distance transmission lines that can help balance power

between multiple grids are needed.



2. Affordability

More than 2 billion people globally — just under a third

of the world’s population — lack access to clean, affordable
energy and still cook their food over open fires or on basic
stoves burning wood, charcoal or other biomass.* And few
developments can trigger universal political backlash quite
like rising energy and electricity prices. A surge in energy
prices in 2022 generated cost-of-living crises and political
protests across the globe — from emerging markets like
Pakistan and Ecuador to developed markets like the UK and
France.” * Consequently, governments and politicians have

very little incentive to compromise on energy affordability.

Solar and wind are amongst
the most cost-efficient sources
of electricity.

Over the past decade, government support of wind and
solar has attracted private capital which in turn has
enabled and accelerated technological advancements that
now make solar and wind amongst the most cost-efficient
sources of electricity. In fact, several research studies have
shown it would be less expensive to build entirely new

arrays of solar panels or clusters of wind turbines and

connect them to the US grid than it is to keep operating

existing coal plants in the US.#

Renewable power projects like solar and wind generate
electricity today at a relatively low levelized cost of energy
(LCOE) - that is, the total cost of power generation over
the lifetime of the asset — and have the added feature of zero
marginal cost of production (Exhibit 13).

3. Carbon emissions

2023 was the warmest year in recorded history — both

on land and in the ocean — and the latest example of a
persistent increase in global temperatures.®®>! Greenhouse
gases (GHG) — like carbon dioxide and methane — in

the atmosphere are a key factor contributing to warmer
temperatures.” This persistent global warming is causing ice
caps to melt, driving rises in sea levels and generating more
frequent extreme weather events — whether they’re droughts

and floods or more intense storms and wildfires. >3

Energy — both its production and consumption — accounts
for roughly 75% of global GHG emissions.> Nearly all of
this comes from combustion of fossil fuels. By contrast,

renewable sources — once manufactured and in place — can

generate electricity with no additional GHG emissions.

A low-carbon energy system — one that features more
renewable sources rather than fossil fuels — is critical to

reducing global GHG emissions. Regardless of how long

Exhibit 13: Renewables have become the cost-effective way of generating electricity

Unsubsidized levelized cost of energy, price per megawatt (2023)
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Note: LCOE has its limitations. For example, it does not account for the additional cost of power storage for intermittent sources to smooth out the fluctuations in their production. But even
after adding the cost of firming intermittency - such as the cost of power storage or the need to supplement these renewable sources with dispatchable gas-powered plants - renewable
sources remain cost-efficient in most cases - especially compared to nuclear and coal-powered plants.

Source: PGIM Thematic Research, Lazard and International Energy Agency. March 2024.
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Exhibit 14: All sources of electricity offer different tradeoffs

Dispatchability Affordability

Solar with Storage 4
Geothermal 2

Hydropower 4

Fossil Fuels

Zero-carhon

Better
3 4 4
4 4
2 4 3
2 2
3 4 2
0 4
1
1 0
0
2 1
Worse

Note: Affordability is measured by the levelized cost of energy and carbon-emissions captures emissions per BTU.
Source: PGIM Thematic Research, Lazard, International Energy Agency and US Energy Information Administration. March 2024.

it takes to achieve decarbonization goals, reducing carbon
emissions will remain an enduring feature of the energy

landscape for decades.

Over 140 countries — including the largest GHG emitters
— have made carbon reduction pledges.”® With so many
countries, firms and investors across the globe focused on
reducing carbon emissions, it has become a critical and

material factor for all energy investors.

As the energy transition continues, fossil fuels will be
increasingly displaced by renewables as a source of energy.
However, it is important to acknowledge that no single
approach to the energy transition will work for all countries

at every stage of their development.

The energy system of the future will need a variety of
different sources to achieve the best outcomes (Exhibit 14).
Given that the dispatchability of fossil fuels complement the

intermittence of renewable sources quite well, the energy
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system of the foreseeable future will likely continue to
incorporate both. Furthermore, diversifying energy sources
amongst select renewable and fossil fuel sources can provide
a much-needed element of resilience and security. More
importantly, lower-carbon fossil fuels — like natural gas —
can play a significant role and allow for energy security and

affordability while the long-term transition is underway.

The tradeoffs around electrification are
very real, and the choices governments and
societies make will be critical in determining

the pace of the energy transition. Long-term

investors seeking to navigate the evolving
energy landscape will be faced with a range of
investment opportunities and challenges, and it
is to these we turn in Chapter 3.
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CHAPTER 3

INVESTMENT IMPLICATIONS

The energy transition is a long, slow, complex process with multiple tradeoffs and challenges along the way.
The pace and breadth will vary by country, but this transition remains a critical driver of the global energy
system and offers a range of investment opportunities around the world. It is important to realize there is no
silver bullet and multiple energy sources will be needed to meet growing global demand. It is also important for
investors to recognize the different stages of the transition to find the best opportunities, which we believe are

encompassed by three overarching themes.

1. Enabling renewable energy by
supporting critical inputs and
complementary infrastructure

Renewable power generation has grown significantly and

has reached scale in many markets around the world.
However, this expansion has not been matched in other

areas of renewable infrastructure — like power storage and
transmission. This imbalance in renewable infrastructure is
reflected in the frequency of episodes of negative prices for
electricity, the power lost from curtailing electricity generation

and the long delays to get new projects connected to the grid.

Electricity from renewable
sources is at the core of the
energy transition.

These realities demonstrate complementary infrastructure

— namely, power transmission and storage — are lagging

and need to be upgraded to handle an energy system with
primarily intermittent sources. For investors, the widespread
need for expanded and new renewable infrastructure —
beyond power generation — is obvious and clear. Additionally,
investors should consider key components of the renewable
supply chain as well as the vast opportunities in emerging

markets where renewable power growth is most rapid.
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Debt opportunities in mature markets
for renewable power and looking past
solar and wind

The energy transition will require more electricity from
renewable sources. Government policy and private capital
have embraced this aspect of the energy supply chain and
global power generation from renewable sources has grown
fourfold from 2012 to 2023.%¢

For investors, however, the landscape of power generation
becomes more challenging as the market matures.
Government subsidies that enable this growth in renewable
power generation and rapid technological innovation also
drive fierce competition amongst power producers, falling

electricity prices and shrinking margins.

Additionally, supply chain bottlenecks, rising costs of
equipment and labor, permitting delays as well as higher
interest rates all present mounting challenges to new
projects compared to just a few years ago.”” In fact, efforts
by the US to ramp up offshore wind power generation

are either not drawing interest from project developers

or terms are being renegotiated because the economics

of power generation have shifted so rapidly.”® > Similar
challenges are also plaguing projects in Europe and causing

extensive delays or outright cancellations.*

So how should investors consider participating in this highly

dynamic landscape of renewable power generation in Europe



and the US? First, there may be better opportunities in debt
rather than equity. Debt financing tends to be less plentiful
than equity in this space. Specifically, senior debt offers
attractive opportunities. And given higher interest rates
globally, some opportunities may emerge in mezzanine and
structured debt as well — especially in projects where offtake
agreements are in place, permitting of new projects is not
wide open, grid connections have already been established
and projects are located relatively close to end customers.
Additionally, providing debt at the parent or holding
company level — rather than at the individual project level —
allows for some diversification of idiosyncratic project risk

and a more resilient cash flow.

Power transmission and storage
need to be upgraded to handle

an energy system with primarily

intermittent sources.

Second, investors should look past wind and solar power
generation and explore hydro and geothermal projects —
these energy sources can be dispatchable, also have zero
marginal cost and can take advantage of higher prices
when wind and solar are not producing. Given how few
areas can be considered for these kinds of projects and the
difficulty in building new ones, these projects also typically
face less competition and obsolescence risk than wind
and solar projects, and their debt can be very attractive.
Specifically, recapitalization of hydro projects in Europe —
Scandinavia and Italy — as well as rebuilding of legacy
infrastructure in Chile, Peru, Brazil and other parts of
Latin America. Geothermal power projects are more of

a niche market with some projects arising in the western

United States and parts of Iceland.

EM investors should consider well-positioned
renewable power generators in India

With both energy demand and renewable supply surging,
India provides an intriguing opportunity for investors. It

is already the world’s fourth-largest electricity consumer

as well as the third-largest renewable power producer.
Today renewable sources make up 20% of India’s power
generation and their share is rapidly growing. India reached
an inflection point in 2022 adding more power generation

from renewables than fossil fuel sources.

In this landscape of incredible growth, companies with

a track record of execution on large-scale projects and
established relationships with government and regulatory
officials can be attractive. Companies like Greenko and
ReNew Energy Global are major players in solar and wind
power generation today. The cash flows from existing
production can also help to support their ambitious capital-

intensive efforts to expand power generation capacity.

In addition to providing attractive opportunities, emerging
markets typically provide some unusual risks for investors
as well. Renewable power generation is no exception.
Electricity theft presents a notable risk in many developing
countries in Latin America, Asia and Africa with theft
rates estimated as high as 20%-30% in some countries

and the global price tag for this approaching $100 billion

annually.®"©

Key components of the renewable supply chain:
wind turbines and minerals

Another way to invest in the wind sector without getting
caught up in the imbalanced infrastructure or the highly
volatile price of electricity is to consider investments in the
makers of wind turbines. They offer a different risk-reward
proposition than the individual projects and can be an
attractive investment. Vestas, Nordex and Siemens Gamesa
are market leaders in the European and North American

markets for land-based and offshore wind turbines.

Metals and minerals are also critical components of the
future energy system. While critical minerals like lithium
and cobalt get much attention given their scarce
availability or concentration of processing, their demand is
highly linked to current power storage technology and EV
sales. By contrast, because of its extraordinary conductivity,
resiliency and malleability, copper is essential to all aspects
of electrification — from power generation to transmission
and even in equipment like EVs. Because of its unique
properties, it is difficult to engineer copper completely

out of electric systems — unlike, say, cobalt. In fact, the
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need for copper across all aspects of electrification may
sometimes be overlooked by markets. As electrification

advances, the global demand for copper is set to more than

double by 2050 (Exhibit 15).9

As for the supply of copper, it is usually found in remote
locations, and mining is very capital and time intensive. %
Additionally, approvals and permitting for new mines are
becoming more challenging due to environmental concerns.
As a result, building new capacity can take years and cost
billions — new primary copper mines that started production
between 2019 and 2022, for example, had an average lead
time of more than 20 years.”® In fact, with declines of up to
25% in the average quality of copper ore being mined, some
copper producers will have to spend more just to maintain

their current levels of production.®® ¢

Permitting for new copper mines
is becoming more challenging
due to environmental concerns.
As a result, building new
capacity can take decades and
cost billions.

For investors, this creates very attractive long-term supply-
demand dynamics.®® Two pure-play copper miners —
Ivanhoe Mines and Ero Copper — may offer solid growth
prospects for equity investors. Not only do they produce
copper efficiently now, but they also have capacity to expand
production soon to meet rising demand. Additionally, for
debt investors, Southern Copper and Freeport-McMoRan
are large producers with economies of scale, robust cash

flows from ongoing business and strong balance sheets.

Expanding and modernizing the grid

The near-universal need for larger and smarter grids
presents providers of key grid components and construction
services with a powerful macro tailwind. The International
Energy Agency estimates that to power itself primarily with
renewable energy, the world needs to add or replace nearly

50 million miles of transmission lines by 2040.® Companies

22 FUELING THE FUTURE | PGIM

Exhibit 15: Copper is essential to electrification
Kilotons of copper needed to meet energy transition goals

M Electricity networks M Utility storage N EVs & Wind % Solar

Kt (in thousands)

2022 2050 (F)

Note: Shows IEA’s assumption under the announced-pledges scenario. (F) indicates forecast.
Source: International Energy Agency. March 2024.

like Eaton in the US and Schneider Electric in France
provide key components including inverters, transistors
and substations for transmission lines. Their central role in
the energy transition over coming years may not be fully

appreciated by the market today.

In India, transmission cable makers operate in a somewhat
protected market and — given the compelling demand to
expand the transmission network — could make for attractive
investments. Polycab and Apar Industries are leading players

in this growing market.

Engineering and construction of grids and transmission
lines is another area where investors can find opportunities
in emerging markets. For investors, companies like ISA and
Celeo Redes, which engineer and build transmission lines
in South America, offer senior secured debt exposure to a
portfolio of transmission assets in a liquid, amortizing bond
with compensation indexed to inflation and currency rates.
Furthermore, they are large operators in their regions and
have longstanding relationships with regulators and other
government authorities. Having a seat at the table with their
respective government officials positions these companies
well to navigate permitting challenges and execute on these

massive infrastructure projects.



Large-scale and long-duration power storage

Industrial-scale power storage is another vital part of the
energy transition that investors should consider. To meet
energy transition goals, close to 1,000 GWh of grid-scale
and other forms of energy storage will be needed globally by
2030 — roughly 35 times the size of the market today
(Exhibit 16).”° Leading industrial power storage players
include Korea’s Samsung SDI and LG, China’s BYD and

Japan’s Panasonic.

Industrial scale power storage
is a vital part of the energy
transition that investors

should consider.

Long-duration energy storage is a key component of
resolving longer-term intermittency and seasonal variability
in renewable energy sources. These mechanisms differ
substantially from the lithium-based batteries used to power
cars and cell phones for hours at a time.”? They provide

the ability to store power for days, weeks or even months

to provide an energy system with greater flexibility by
absorbing excess power during peak production periods

and deploying it as needed to meet seasonal fluctuations in
demand and supply.”* Sufficient and cost-effective long-
duration energy storage not only improves the resilience of
local and regional electric grids, but it also reduces the need
for fossil fuels — such as baseload coal or dispatchable natural
gas — to meet energy demand or smooth intermittent

renewable power generation.”

The most widespread and mature technology used is
pumped-storage hydropower, and by some estimates it
accounts for 90% or more of bulk electrical energy storage
today.”* It is especially attractive because it can provide

an easily dispatchable source of power, but it has specific
geographical requirements and there may not be much room
to expand. Furthermore, construction of new capacity is
very limited because permitting may be difficult to resolve
given the displacement of entire towns and villages often
involved in these projects. Iberdrola, a European utility,

is a current leader in this area. They recently built and

opened a new 40 GWh pumped hydro storage facility

Exhibit 16: Growing need for utility storage
Current storage capacity vs. needed storage capacity

Utility Storage

2022 2030 (F)
28 GW 976 GW

Note: Needed storage capacity refers to the net-zero emissions scenario. (F) indicates forecast.
Source: International Energy Agency. March 2024.

in northern Portugal that stores excess power and makes
it dispatchable for a later date. This brings their current
capacity of pumped-storage hydropower stations in Spain
and Portugal to over 100 GWh with another 170 GWh

under construction or in the pipeline.”> 76

Vertically integrated energy providers

Energy providers with power generation and distribution
capabilities can be an intriguing area for investors as well.
Specifically, dominant players in sizable markets who have a
long record of building and maintaining their infrastructure
can be very attractive. While these utility firms are often
highly regulated, competition is limited in their region, and
some may have the ability to pass-through higher costs to

end users to protect their margins as well.

In Europe, Iberdrola is a multinational electric utility
company and the world’s leading producer of wind power
with significant expertise and economies of scale. Iberdrola
serves around 30 million customers globally and has
significant operations across the UK, continental Europe
and the Americas. In North America, NextEra Energy is
the largest renewable power generator in the US delivering
electricity across 49 US states and Canada. They provide
electricity from a diversified pool of energy sources that

includes wind, solar, nuclear energy and natural gas.

Debt investors may be missing opportunities if they are

solely focused on bonds of the holding company. In the

case of major power producers like Iberdrola and NextEra,
there may be opportunities at the project level as well. These
energy producers often finance a portfolio of power projects
separately via private credit markets, and this kind of debt can

offer investors access to a portfolio of power generation assets.

PGIM | FUELING THE FUTURE 23



Energo-Pro is a leading producer of hydropower and

an electricity distributor in Eastern Europe and also has
exposure to Turkey and Spain. They operate under a
regulated rate of return in their distribution business,
allowing them to pass through costs to maintain their
margins. Given their expertise in acquiring and operating
hydropower plants, they also make hydro power equipment

and offer consulting services to others.

Large and growing markets provide an excellent backdrop
for investors. CenterPoint Energy is a dominant electricity
and natural gas distributor in Texas. The state has a growing
population, and energy demand is poised to rise with it.
Furthermore, Texas is a very large wind and solar generation
hub and Centerpoint’s grid is a critical component of getting

that growing supply to where it is needed.

2. Leaning into lower-carbon fossil
fuels while avoiding obsolescence risk

While many aspects of the energy transition remain
unsettled and unclear, one thing about the transition is
certain — it will take decades, and fossil fuels are not likely to
be displaced altogether. In other words, fossil fuels and the
immense global network of infrastructure that support their
use will contribute to meeting global energy needs for much
of the 21* century. For investors, this segment of the energy
complex offers opportunities to invest in elements that are
quite stable, generate durable cash flows and can bridge the

transition to a low-carbon world.

Natural gas is displacing higher-carbon
emitting fossil fuels

Natural gas is a key element to a low-carbon future by
displacing higher-carbon emitting coal — especially in
electricity production. In this capacity it can be valuable
as a “transitionary” fuel source while renewable power
generation, storage and transmission infrastructure get
built up. Indeed, global demand for liquified natural gas is
expected to grow by over 50% by 2040 as the coal-to-gas

transition expands in China and South Asia.”

The surge in natural gas production between 2006 and
2023 globally was driven primarily by the US shale
revolution. Hydraulic fracking and horizontal drilling

techniques enabled tapping vast new reserves of natural gas

24 FUELING THE FUTURE | PGIM

in the US, and this development launched a boom around
liquified natural gas.”® US production of LNG has nearly
doubled, and the US is now the world’s largest exporter
(Exhibit 17). Furthermore, Russia’s invasion of Ukraine
accelerated the LNG infrastructure boom in Europe

and other regions. The ability to transport LNG more
efficiently has ushered in a more globalized market and

improves resiliency as suppliers can respond more quickly
to global shocks.”

For investors, low-carbon fossil
fuels offer opportunities to invest
in stable, durable cash flows.

Companies across the natural gas supply chain — from
producers to processing to liquifying and transport — can
provide attractive opportunities for investors. Small US gas
producers like EQT and Antero have efficient operations

relative to their peers and offer potential for growth.

Pipelines are another way to invest in natural gas globally.
Often these firms have long-term purchase agreements in
place. The “toll collecting” from pipelines offers investors

a different risk-return proposition in the natural gas space:
exposure to booming demand with less exposure to short-
term price volatility. In the United States, major pipeline
players like Enbridge, Williams and Kinder-Morgan can be

attractive for debt investors.

In Latin America, natural gas players like Esentia Energy
Systems and GNL Quintero offer distinctive exposure

to natural gas transportation and storage as well as LNG
regasification. Mexican private power producers like Tierra
Mojada and Valia Energia offer investment exposure to
baseload, natural gas-fed power plants downstream of
pipeline plays.

Furthermore, as natural gas producers are pushed to curtail
their carbon emissions during extraction, they increasingly
turn to drilling service providers like Baker Hughes and SLB.
With 50 major oil and gas companies signing pledges at
COP28 in late 2023 to substantially curb methane by 2030,
the services of these firms will continue to be in demand to

detect pipeline leaks and eliminate methane flaring.®



For investors seeking to participate in the booming LNG
export market without taking on additional commodity
risk, Cheniere Energy is an example of a company with

a differentiated business proposition. They provide
infrastructure to process natural gas into LNG as well as
terminals for shipping. With tremendous demand for their
services, Cheniere is already a market leader and, given their
size and operational efficiency, are achieving economies of
scale. There is also room to grow the business with more
facilities and additional services. Qatar is another major
exporter of LNG, and Gulf International Services is a major
drilling contractor in the region with a close relationship to

major state-owned producers.

Companies across the natural
gas supply chain can offer
exposure to booming demand
with less exposure to short-term
price volatility.

Debt opportunities amid mid-size producers

Though some banks have ceased lending to the oil and

gas industry altogether, financing is still available for large
producers — especially those able to issue in corporate bond
markets.®" % However, the pullback in bank lending may
be more acute for energy producers too small to tap public
credit markets. For direct lenders, this middle-market
segment of the energy complex in North America may offer
intriguing opportunities as capital can be scarce and lenders

have some leverage over pricing and terms.

Early stages of oil and gas exploration and production are
often financed with equity. However, once this exploratory
work has been completed and optimal areas for drilling wells
have been verified, energy players often turn to debt markets
for the lower-risk, capital-intensive next stage.® This kind
of mid-stage development offers reliable cash flows and
tangible collateral — making for solid credit fundamentals.
Debt that is conservatively underwritten — low leverage,

simple capital structures and lending only on the value of

Exhibit 17: The shale revolution has transformed the US
into a global natural gas powerhouse
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known reserves — can be appealing to investors. Additionally,
mezzanine or structured debt can come with attractive
coupons based on the proven cash flows as well as added
upside exposure in the form of asset royalties or warrants —
which can provide reliable inflation protection for investors

as well.

Is there a role for Big Oil in a new
energy system?

Fossil fuels will almost certainly continue to be a component
of the energy system of the future — albeit a smaller one
and probably more in the form of natural gas than coal
and petroleum. This new energy system promises to divide
today’s Big Oil majors into winners and losers. Some global
oil majors will rely on the extended sunset of fossil fuels
and focus their investments solely on continuing to provide
fuels of the past — namely, petroleum. These firms run

the risk of being rendered obsolete by efficiency gains and
better infrastructure in renewables. They may ultimately be
defined by the magnitude of their stranded carbon assets

that are no longer economically viable.
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However, there will also be a set of oil majors that will
emerge as winners in the new energy landscape. They are
more forward-looking, will lean into the energy transition
and find ways to remain energy providers regardless of what
the primary energy sources might be. Specifically, there are
two ways for today’s energy majors to remain winners in the

energy system of the future:

Fossil fuels will almost certainly
continue to be a component of
the energy system of the future —
albeit a smaller one

1. Transform their energy production to meet the
needs of a new energy system
Oil majors that are dynamic enough to shift their energy
production to fuel sources of the future will likely remain
prominent. Some are incorporating electricity into
their current business models. For example, global oil
majors BP and Shell are converting their vast network
of gas stations into EVcharging facilities in the UK and
Europe.® Others are leveraging their deep insight across
the global energy landscape in trading “molecules and

electrons” — that is, oil and gas as well as electricity.

Natural gas and LNG are examples of transitionary
fuels that will have a place in the future as a needed
complement to renewable sources. TotalEnergies and
Shell are two leading producers and transporters of
LNG.® These companies are well-positioned as gas
and LNG make up a significant share of their overall
revenues and profits.”” % However, markets may not
appreciate this approach as European oil majors like
Shell and BP have been trading at a discount to US

peers like Exxon Mobil.#*°

2. Leverage their technical expertise to
operationalize green innovations
Much innovation in green technology comes from the
research labs of oil and gas majors — and there is some
evidence to suggest they do it better than energy tech
startups. On paper, oil and gas majors not only have

robust cash flows to commit significant amounts of
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capital to fund research, but they also have expertise in
extraction, refining and other petrochemical processes
to operationalize their findings. Furthermore, these
firms have a track record of executing large and complex
projects. For example, oil majors with elaborate refining
operations can leverage those skills to advance and

operationalize biofuels and sustainable aviation.

Recent research analyzed the landscape of green
innovation through the quality and quantity of

green tech patents. This research identified oil and gas
majors as key innovators around green technology and
specifically found both the quantity and quality of
green tech patents to be higher for traditional energy
firms.”! The research also indicates the patents from
energy firms resulted overwhelmingly from in-house
research (rather than acquisitions of startups) and
more frequently led to real products that reduced
carbon emissions and generated revenue. Shell, BP
and Exxon Mobil were among the leaders in green
tech patents in areas like biofuels, carbon capture and

hydrogen production.”

3. Avoiding the hype: Monitoring
innovation around renewable energy
sources and green tech

Some speculative innovations — like hydrogen — can garner
considerable media attention, and firms can be characterized
as plucky upstarts challenging large energy incumbents.
However, few of the startups behind these speculative
technologies are likely to operationalize and scale their
businesses sufficiently on their own to displace global energy
players. In fact, global energy players will probably be
amongst the biggest suppliers and customers for innovative
technologies — and many startups in this space may choose
to partner with large energy incumbents to leverage their

expertise in operations, refining and transport.

For investors, the risk-reward propositions some of these
early-stage innovations offer may not be attractive. While
these innovations are at different stages of maturity — some
closer to the laboratory than the real world — they all have two
things in common: first, they each have the potential — when
fully mature and operationalized — to profoundly alter the
energy landscape. Second, they each face immense challenges

before they can be applied in the real world at scale.



Hydrogen fuel cells as an alternate,
clean energy source

Hydrogen has gained much attention as a promising

alternate fuel source and has some compelling attributes: it
is relatively abundant globally, has two and a half times the
energy density of gasoline or diesel and burns clean with no

carbon emissions. %

However, hydrogen faces numerous challenges in transport
and storage before it can be used widely. One of the main
challenges to wider adoption of hydrogen fuel cells is the
specialized infrastructure (and immense cost) needed to
produce, transport and store hydrogen. Hydrogen is a gas
under typical conditions but is not easily compatible with
current pipeline infrastructure. Hydrogen often requires
either extreme high pressure (5,000-10,000 psi) or low
temperatures (-250 degrees C) to transform it into a
liquid state where it is more easily transported or stored.”
Furthermore, every stage of hydrogen conversion (e.g., gas
to liquid and then back to gas) requires energy and only
increases the cost to transport and consume hydrogen.
Multiple startups are working on resolving the challenges
around production, storage and transport of hydrogen.
However, they remain far from providing an efficient and

viable solution.

Research suggests that oil
majors are key innovators and
among the leaders in green
tech patents in areas like
biofuels, carbon capture and

hydrogen production.

Nuclear energy: fission to fusion

Nuclear fusion is the process that powers the sun and other
stars. It offers the promise of limitless, carbon-free energy.”
Though fusion reactions have been achieved in government-
funded research labs recently, the prospects of commercially
operationalizing these reactions to generate power remains

decades away.”®”” The challenge is nuclear fusion requires

such extreme conditions of temperature and pressure — over
100 million degrees Celsius — that creating these conditions
safely and efficiently outside of a laboratory is simply not

feasible today.

While nuclear fusion moonshots get much media attention,
other nuclear technologies have been playing a part of

the energy landscape for decades. Nuclear power plays an
important role today, with fission-based plants operating

in more than 30 countries — more than 60% of France and
Slovakia’s total electricity come from this kind of nuclear
reaction. And many power plants have been running for

three decades or more.”®

With today’s focus on energy security and carbon-free
energy sources, however, fission-based nuclear power is
drawing renewed attention as a key part of the future energy
system. Nuclear offers some appealing characteristics: it is
locally-based and is a zero-carbon source of baseload power.
This also makes it useful for intensive industrial uses like

petroleum refining and data centers.

The development of fission-based nuclear energy has been
slow since the 1970s due to two main challenges: permitting
and cost. Even in cases where the permitting challenges have
been met, the estimated cost of power production is not often
competitive with other energy sources. Multi-year delays and
significant cost overruns in nuclear projects are common. For
example, recent new-build nuclear projects in the UK, France
and Finland have each seen delays of 10 years or more and

actual costs more than double original estimates.”- 1% 19!

The latest fission innovations are around small-scale
reactors. Known as small modular reactors (SMRs) these
new designs come with advanced safety features — like
automatic shutoffs — and may have lower costs because they
can be mass-produced at a factory and shipped in pieces to a
site for assembly.'®? They offer the promise of decarbonizing
some industrial processes. SMRs are being considered on the
sites of retiring coal-fired power plants that have much of
the needed infrastructure already in place.'® In some ways
the technology has already been proven as SMRs power
hundreds of submarines and ships today and land-based
designs have been approved by some national regulators.'**
105,19 However, China is the only country to have a land-
based SMR currently in operation.'?” 1% While many new
SMR projects are announced, few make it to the end because
of supply chain challenges as well as cost overruns and delays

that make the projects no longer economical.'?>'°
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Innovations in grid-level energy storage

Energy storage mechanisms like batteries can be used to
address many challenges facing power sectors growing
more reliant on intermittent sources — including improving
economic dispatch and transmission system balancing.
Furthermore, they can also contribute to resiliency and

emergency preparedness.

Lithium-based batteries are dominant, and adoption is
growing because advancements in production, efficiency
and economies of scale have caused their cost to decline
over 80% from 2013 to 2023."" Despite these steep price
declines, current lithium mechanisms for industrial power

storage face several challenges.

Most importantly, lithium batteries are not easy to scale
and not always environmentally sustainable. As a result,
alternative chemistries that go beyond lithium are emerging.
For example, sodium is more abundant than lithium, is
cheaper to access and has similar chemical properties.''?
Given their long discharge times, efficiency and improving
technology around their density, sodium batteries have

tremendous potential for use on the grid.!% '

However, sodium battery technology faces some challenges
in the near term. The energy density of sodium-ion batteries
is currently below that of lithium-based batteries.'” Though
the chemical components are cheaper and more accessible,
the sodium battery industry has not reached economies of
scale and has not seen production efficiency gains. In theory,
a fully-scaled sodium battery industry should, over time, be
able to produce batteries that can be cost-competitive and

perform similarly to lithium."'¢

Carbon capture and storage

Carbon capture and storage (CCS) is another potentially
transformative technology that faces many real near-term
challenges. The process essentially allows for capturing

CO, emissions from industry sources — such as ethanol
manufacturing or coal-fired power plants — and stores

the gas in ways that prevent it from ever entering the
atmosphere. The promise of CCS is that it enables the world
to meet current and future demand — especially in industrial
areas that are especially difficult to decarbonize — while still
reducing carbon emissions. Indeed, CCS plays a significant
role in many zero-carbon scenarios.'”” The challenges

of CCS are straightforward. First, there are locational
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challenges — the sites where carbon is emitted are not often
near where carbon can be easily and reliably sequestered.
Transporting the captured CO, to the sequestration site

can be logistically challenging and costly. In the United
States, there are some efforts underway to build out pipeline
infrastructure across the ethanol-producing parts of the
Midwest.''® " Companies like Summit Carbon Solutions
are involved in building out a “carbon highway” to transport
CO, from ethanol plants to sequestration and storage

sites in other states but face opposition from farmers and

landowners around safety and environmental concerns.'®

With todays focus on energy
security and carbon-free energy
sources, fission-based nuclear
power is drawing renewed
attention as a key part of the
[future energy system.

A second challenge for CCS is how to monetize the
operation. In the US, government legislation provides

for direct pay incentives, but the uncertainty around the
future of the program impedes the long-term infrastructure
needed to operationalize it. In countries that have an active
carbon market, the sequestration has some value. However,
the costs of operation — capturing and filtering the CO,,
transporting it to a different location and sequestering the
gas — must be below the value of the incentives for it to be

commercially viable.

Chapter 3 examined the hidden risks and
opportunities for investors across individual
securities and asset classes. However, the
evolving and dynamic landscape of the global

energy system also has implications that cut

across and impact investment portfolios.
Chapter 4 turns to these implications and
proposes a portfolio-wide action plan for CIOs.
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CHAPTER 4

PORTFOLIO IMPLICATIONS

Government action and ESG objectives each present tradeoffs for investors that impact a range of investment
decisions. Here we highlight cross-portfolio implications arising from the changing dynamics across the global

energy system and provide an action plan for ClOs.

1. Establish clear positions around
global decarbonization, investment
objectives and time horizons to inform
energy investing

Climate change, decarbonization and energy investing

are deeply entangled and highly interconnected. This can
leave CIOs, especially those with more climate-focused
stakeholders, at times facing conflicting demands and
expectations. For example: portfolio decarbonization
imperatives from boards — or in some markets regulators;
inflation-aligned payouts from pensioners; and enabling

a resilient clean energy system from future beneficiaries.
The range of cross-purpose demands can be challenging for
CIOs wishing to establish a clear and coherent approach

to investing in the energy sector. Definitive answers to
deceptively simple questions can help inform CIOs thinking

around energy investing:

* Are you seeking to purely maximize returns while
remaining agnostic as to the environmental credentials

of the sources of energy you invest in?

* Are you looking to reduce exposure to climate-related

risks over time?

* Are you seeking to play a more proactive and positive

role in the decarbonization of our economy?

* Or are you seeking a combination of all three over

different time horizons?
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Climate change, decarbonization
and energy investing are

deeply entangled and

highly interconnected.

The most effective tools, metrics and approaches to energy
investing may differ depending on which objective prevails.
Given the layers of complexity around energy investing, it is
imperative CIOs have clarity and philosophical agreement
with their key stakeholders on these questions first to inform
their approach to energy sector investing and establish clear

timeframes to guide their decisions.

Clarify objectives around climate change and
decarhonization

Having a clear understanding of investment objectives

and their multiple impacts across a portfolio is essential.
Investors primarily focused on risk-return optimization,
for example, face a complex landscape. On the one hand,
the shift to electrification and renewables poses transition
risks to the fossil fuel realm including producers, equipment
makers, utilities, etc. It also raises the prospect of stranded
assets — both above ground and below. Electrification can
also provide opportunities in other sectors, even energy-
intensive ones. For example, as more energy is provided by
renewables, power grid prices become more volatile. This

volatility can provide arbitrage opportunities for energy-



intensive industries to flex their demand for power to
coincide with times when renewables are generating

lower-cost power.

While embracing the new energy landscape may be a
sound long-term strategy as the economy decarbonizes, the
costs may be unpalatable in the short term. For example,
companies seeking to limit transition risk — such as oil
producers — can also struggle to maintain profit margins

as they tilt their operations away from fossil fuels. The key
question for long-term investors unrestricted by portfolio
decarbonization mandates is how to identify companies
and assets in critical carbon-intensive segments of today’s
economy (like steel-making) that are positioning themselves

well for transition to the low-carbon economy of the future.

Forward-looking carbon-reduction
imperatives, for example, may

not always align with more near-
term goals around economic

development and energy poverty.

Conversely, investors who prioritize portfolio
decarbonization or enabling the energy transition,

face a different set of challenges. With global energy
consumption poised to increase 50% or more by 2050,
sustainability-minded investors face the challenge of

how to decarbonize in the face of persistent rising global
energy demand. Neither divestment from fossil fuels nor
investing in the latest climate tech provide a complete
answer. A decarbonized global energy supply of the future
will rely upon a combination of significant investments

in complementary renewable infrastructure, major
developments in green tech like hydrogen and carbon
capture as well as efficiency gains across multiple sectors and
residual fossil fuels including oil and gas. Investors will need
to understand where along this spectrum to participate to

determine their optimal opportunity set.

Investment time horizon

Regardless of investors’ priorities, the risk-return profile

of investments in energy is highly dependent on time
horizon. For all the focus on long-term risks, it is
important to realize many actively managed strategies

take advantage of short-term relative value shifts and
trading opportunities. Indeed, an active manager with no
decarbonization constraints could have anticipated rising
oil and gas prices in 2021 and invested in oil producers to
take advantage of the short-term price action — even if they
believe the long-term prospects for many producers may

not be rosy.

The array of tradeoffs within the energy transition over
different timeframes makes it essential for investors to be
clear about their time horizon — especially since the energy
transition will play out over decades and its effect on the
energy sector will evolve over that time. For example,
the near-term durable cash flows of oil and gas pipelines
and their current carbon impact have a different appeal
for a pension that is in its runoff phase — paying out all
its income and drawing down assets — than they do for a
pension that is accumulating assets with its peak payout
period decades into the future. A different time horizon
can also impact choices around whether to minimize

the current carbon footprint of the portfolio today or to
lean into investments that enable and maximize avoided

emissions in the future.

2. Investors with decarbonization
mandates need to consider multiple
approaches

For investors with decarbonization mandates, today’s energy
system presents numerous complexities and challenges.
Forward-looking carbon-reduction imperatives, for

example, may not always align with near-term goals around
economic development and energy poverty. Indeed, multiple
approaches for decarbonization have evolved — each making
a different tradeoff. Some approaches rely on hard data and
focus on current and past Scope 1 and 2 emissions. Others
are more forward-looking and lean on estimates of emissions

that may be avoided in the future.
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Some approaches minimize a portfolio’s current
carbon footprint

Many net-zero and “Paris-aligned” approaches look to
minimize a portfolio’s current weighted average carbon
intensity (WACI) — a measure of the carbon emissions

per revenue by portfolio allocation. The appeal of such an
approach is that an investor is supporting those parts of the
economy that are not heavy carbon emitters today and can say

they are doing their part to not add to carbon emissions.

Typically, this has meant filtering out firms from heavy-
emitting sectors, creating challenges when executing this
approach across a scaled portfolio. For example, rotating out
of high-intensity sectors — like utilities — and leaning into
sectors with the lowest WACI today — such as tech firms — can
lead to tracking errors unless this is controlled for. Investors
should consider a more active portfolio-wide approach that
seeks out the most “improving” firms across a// sectors. This
approach can lead to substantial carbon emission reductions
across a portfolio (and credible emissions reductions in the

real economy) while also minimizing tracking error.

Some “off the shelf” temperature
alignment models can have a
sanguine bias in their ratings.

Another limitation of a WACI-based approach is that it is a
backward-looking measure that focuses on the Scope 1 and
2 emissions of the firm and may not be indicative of the
trajectory of future carbon emissions. As a result, investors
may be overlooking positive changes made by potential
portfolio companies to reduce emissions today and in the
future. Furthermore, while this approach can create a one-
time improvement in the carbon profile of a portfolio, it
may be challenging to demonstrate ongoing improvement in
WACI year after year.
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To account for these limitations, savvy investors need to
consider forward-looking projections and evaluate the
carbon emissions momentum of a firm. That is, they need
to consider the recent trajectory of carbon emissions and
evaluate the forward-looking reduction strategies of firms.
Additionally, investors will need to actively monitor and
reassess each name in their portfolio periodically to ensure
they are still reducing carbon today and finding positive
carbon momentum for tomorrow — all while minimizing

tracking error.

A more forward-looking approach to
decarhonization

Increasingly, investors are recognizing that minimizing
carbon emissions in their portfolios now may be
counterproductive to their ultimate objectives of accelerating
a low-carbon economy of the future. Instead, these
investors seek to take a longer-term perspective by leaning
into technologies that have a high potential to reduce
carbon emissions in the future. Because they are looking to
maximize net reduction of carbon emissions in the future,
investors with this approach seck out those firms that have
the greatest potential for carbon abatement or displacing
high-carbon activities. This approach requires an active
strategy and a granular analytical approach that evaluates
the credibility and progress of a firm’s decarbonization
commitments by, for example, evaluating the trajectory of
a firm’s WACI over the last few years or examining both the
quality and volume of their investments in displacing high-
carbon activities. Often in these assessments, high-quality,
timely data are not available. In executing such strategies,
some asset managers employ a mix of qualitative and

quantitative analysis.

For investors seeking a forward-looking approach, a
temperature-aligned model can also be intriguing. This
approach focuses on a firm’s forward emissions vs. a
benchmark derived from science-based models of an
optimal pathway for that sector. For example, a 2 degrees
Celsius warming world comes with a maximum global
carbon emission over time. That global total for allowable

emissions is allocated to sectors and then subdivided for



each firm within a sector — creating a rough benchmark
for each individual firm. The trajectory of a firm’s expected
carbon emissions is then compared to the benchmark to
determine whether they are over or under their “allowable
emissions.” This is another methodology for investors to
identify those firms that are performing better than their
peers at reducing the trajectory of their carbon emissions.
This approach has the benefit of identifying more organic
emission reductions by not shying away from brown
industries and supporting those firms that are actively

avoiding emissions at the fastest rate.

Carbon neutral pledges made by
countries and states can impact
the investment decisions of energy

producers and distributors.

Of course, investors will need to recognize some of the
shortcomings of this approach and the models commonly
used. For example, “off the shelf” temperature alignment
models do not ensure that companies’ disclosures and plans
align with their actual outcomes or results and therefore

can have a sanguine bias in their ratings. Some of these
models identify nearly half of all firms in their temperature
alignment model as being on the path to achieving long-term
goals. Investors should look to hold individual firms more
accountable by independently verifying their disclosures and
plans. This may mean ensuring there are interim targets and
incorporating additional metrics to gauge the credibility of
their decarbonization commitments. Incorporating rules to
capture real-world progress vs. emissions targets is a critical
way of validating the results of a temperature-alignment
strategy, and CIOs also need to ensure their asset managers

are doing this kind of active validation.

3. Closely monitor the current
landscape of government “carrots and
sticks” — as well as its trajectory

Because of its national security importance, governments
play a significant role across the dynamic energy landscape.
Given how intertwined government and energy are,
investors need to not just be aware of the current state of the
policy landscape but also monitor geopolitical and economic
developments which influence where it may be headed.
Indeed, government involvement is a feature across nearly
every region and impacts the risk-reward propositions of

energy investments at almost every stage.

For example, governments often fund early-stage basic
research around alternative energy sources — like nuclear
power — which lead to breakthroughs that find their way
into the market."?! Even at later stages of development,
government subsidies and import restrictions can

boost critical industries by supporting domestic supply
chains for critical energy components — like solar panel
manufacturing.'?* ' While these subsidies and tariffs can
support critical energy industries and attract early investors,
they are often not permanent and businesses can grow
dependent on them. The lingering uncertainty around the
future trajectory of supportive policies can be detrimental

for investors in the long term.

Attracting private capital to
next-generation technology

Investors may find it attractive to invest alongside
governments at various stages of innovation. For example,
blended finance and public-private partnerships are
prominent in emerging markets like India where they can de-
risk renewable energy projects, for example, and draw private
funding.'* This is especially true in areas where risk-reward

tradeoffs may not otherwise be attractive for private investors.
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Exhibit 18: Government involvement in innovative energy technologies can attract private investment
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In developed markets, government involvement in early-stage
funding of innovative technologies can also attract private
capital. A study examining investment by the US Department
of Energy in cleantech innovations suggests that government
funding during early stages of carbon capture and hydrogen
production did indeed lead to greater private capital flows in

subsequent years (Exhibit 18).

Another key stage where government policy can attract
private capital is after a technology has been established
and production needs to build scale to gain efficiencies.
For example, there are currently government-led initiatives
underway in Asia and the Americas to build scale and
infrastructure around hydrogen production. The Australian
government is executing a National Hydrogen Strategy
that includes funding projects directly, as well as revenue
support programs to help projects build to scale quickly.'®
Some of the plans are very ambitious. A consortium of
energy companies led by BD, for example, plans to build as
many as 1,700 wind turbines and 10 million solar panels
to produce 26 GW of energy — equivalent to a third of
Australia’s current grid requirements — in support of green

hydrogen production.'?
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Already one of the largest global producers of renewable
energy in the world, the state of Texas launched Hydrogen
City — an integrated green hydrogen production, storage
and transport hub located in South Texas. With additional
support from the federal level, the state is attracting interest

for green hydrogen projects from global industrial giants.'* 128

The focus on hydrogen as a next-generation fuel source

is not limited to the most developed economies either.
Chile, for example, has launched an ambitious National
Green Hydrogen Strategy seeking to promote domestic
use amongst its mining and heavy industry sectors.
Additionally, the World Bank-supported strategy aims for
Chile to be a major exporter of green ammonia products

and green hydrogen as well. 1213

Government policy raises several unique risks
for energy investors

The shifting landscape of government “carrots and sticks” can
alter the economics of large-scale infrastructure projects and
add to the uncertainty around estimates of long-term demand

and supply. For investors, it is critical to be mindful of this



additional layer of uncertainty — and especially so for long-
duration debt and infrastructure owners. Specifically, there are

several points around policy investors may be overlooking.

First, carbon neutral pledges made by countries and states
can impact the investment decisions of energy producers

and distributors. For example, Duke Energy is the leading
provider and distributor in the state of North Carolina. They
have a legal obligation to act on and adhere to the carbon-
reduction pledges made by the state legislature.'?! This is
influencing their decisions around new energy sources and

additional power production.'

Second, the life of renewable assets may be longer than
current policy is in place for. That is, over the life of their
infrastructure asset, government policy can change sharply.
These changes may alter the economics of their project
and significantly change the value of any debt or equity

associated with it.

Third, difficulties in permitting new power plants or
transmission lines can serve as a moat for energy providers

or distributors. However, as permitting reform becomes

Conclusion

more widespread, the size of the moat may shrink and
new infrastructure with new technology may render legacy
projects obsolete and economically uncompetitive. These
kinds of changes around permitting and supply

can also radically alter valuations of debt and equity for

legacy infrastructure.

At their worst, misplaced government production incentives
or tax credits can exacerbate price distortions such as
negative pricing during peak demand and supply periods.'®
Or in emerging markets like Mexico, governments protect
the interests of state-owned energy firms by impeding
private capital investment in renewable power generation.'*
Investors need to examine the role of government policy in
each market and assess whether it provides support for their

investment thesis or a headwind.

Last, for large-scale consumers of energy, the shifting policy
landscape can add another dimension of cost variability to
their business models. The swings in energy prices that can
arise from even subtle shifts in energy policy serve as an

additional source of volatility around cost of goods.

Energy markets have reached a critical inflection point, shifting to renewable energy sources while

simultaneously relying on fossil fuels for years to come. This transition will offer many opportunities — from

renewable infrastructure to LNG projects — but also a multitude of risks as investors will have to be wary of

stranded assets amidst an uncertain path to a lower-carbon future.

While the energy transition will unfold at different paces in different places, what is clear is that it is

already underway with significant implications for every investor. At PGIM, we believe it is critical

for all investors to consider the many implications of the future energy system on their portfolio and

stakeholders (Exhibit 19).
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Exhibit 19: Summary of Investment Implications

1. Renewable debt
opportunities beyond wind
and solar power generation

Enabling renewables and balancing out their infrastructure

Debt financing tends to be less plentiful than equity in Europe and the US. This may offer
attractive investment opportunities - especially senior debt in mature projects with offtake
agreements and grid connections in place.

Investors should consider looking beyond wind and solar power generation projects in Europe and
the US and consider hydro and geothermal projects where they are possible.

2. India’s renewable power
generators offer
intriguing opportunity

India’s incredible demand growth provides a strong macro tailwind for renewable power
generation companies.

Companies with an established track record of executing on projects and cash flow from existing
production may be especially attractive.

3. Wind turbines offer a
different risk-reward
proposition

Wind turbines offer a way to invest in renewables with limited exposure to individual power
projects and the price volatility of electricity.

Technology leaders in Europe and North America can be particularly attractive.

4, Banking on grid
modernization
and expansion

Manufacturers of key grid components - including inverters and substations - offer exposure to a
rapidly growing segment of the market.

In South America, transmission companies offer exposure to a portfolio of transmission lines with
cost pass-thru capabilities and attractive debt structures.

5. The need for long
duration storage

Utility-scale power storage can mitigate the issues of intermittency and is a vital part of the
energy transition.

Pumped-storage hydropower is attractive given its scale, technological maturity and dispatch
capacity. While new projects are very limited, investors should consider global players with room
to expand their capacity.

6. Vertically integrated
energy providers

Given their long track record of building and maintaining infrastructure and their ability to pass-
thru higher costs, regional utilities with power generation and distribution capabilities offer an
intriguing investment area.

Some large energy providers finance segments of their power generating assets in private credit
markets. Debt investors can find opportunities to get exposure to portfolios of mature projects.
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Meeting current demand with fossil fuels while reducing carbon emissions

1. Natural gas is displacing .
higher carbon-emitting fuels

Natural gas can play a critical role in the energy transition by displacing thermal coal.

In the US, small gas producers and large LNG players offer growth potential as global
demand soars.

The debt of regional pipeline operators offers investors a different risk-reward proposition.

2. Debt opportunities in the .
mid-market

As banks have receded, debt financing for energy producers in the middle-market has become
scarcer - creating private credit opportunities.

Investors should look for projects that have passed the exploratory phase as they offer reliable
cash flows and tangible collateral.

3. Big Oil and the future .
role of incumbents

Though fossil fuels will have an extended sunset, investors need to periodically consider the
obsolescence risk in their exposure to Big Oil companies.

Big Qil firms that lean into lower-carbon and renewable sources may face less obsolescence risk -
though these firms have not seen higher valuations from markets.

Global oil incumbents are also major players in research around green tech and clean energy.
They are among the leaders in patents in areas like biofuels and carbon capture. Some may he
winners in the new energy landscape.

Portfolio-wide implications

1. Establish clear positionson
decarbonization, investment
objectives and time horizon

For ClOs it is imperative to clarify their decarhonization objectives with key stakeholders and align
their investment timeframe with the energy transition.

Definitive answers to a few simple questions can be clarifying.

2. Investors need to consider
multiple approaches to .
decarbonization

Minimizing a portfolio’s current carbon footprint offers the benefit of supporting current
companies with low-carbon emission today, but requires evaluation of future emissions as well.

Investors that take a longer-term perspective should consider firms that have the potential to
reduce their own emissions as well as technologies with high potential to avoid carbon emissions
in the future.

3. Closely monitor the .
current landscape and
future trajectory of .
government policy

Investors need to be aware of the shifting policy landscape because it alters the outlook for
investment in every region.

Government policy can impact the risk-reward proposition of energy investments at every stage of
development - from basic research all the way on through to large-scale projects.
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PGIM'S STRATEGIES AROUND ENERGY INVESTING

PGIM offers clients diversified solutions with global depth and scale across public and private asset classes, including fixed

income, equities, real estate, private credit and other alternatives. Investment funds and strategies that have a significant focus
on the energy sector include:

@y Carbon Solutions

(]
= Vv Carbon Solutions takes a differentiated, comprehensive alpha-based approach to decarbonisation with a
@ concentrated portfolio of 45-65 companies. With a global, all-cap multi-sector universe, the strategy seeks to
invest across a broad range of companies, particularly where the contribution to decarbonisation and likely

future growth are being underestimated.

Global Infrastructure

A global, diversified and flexible portfolio construction designed to provide the potential for higher upside
capture compared to more defensive infrastructure strategies, while still mitigating downside capture.

Jennison Associates has been a pioneer in utility investing managing one of the largest utility strategies in the
US since the 1990’.

é ® (Global Natural Resources

A
%* This strategy utilizes a top-down analysis fused with bottom-up, fundamental research to uncover companies
D  that can organically grow both reserves and production, control costs, and provide the needed technology
and infrastructure used in the search for reserves and the final production process.

@ Mid-Market Energy

PGIM Private Capital manages infrastructure-focused strategies for institutional investors, investing in
mezzanine-level securities in middle-market energy companies. The strategies invest in the investment-grade
private debt of companies involved in renewable energy, power generation and transmission, transportation

(airports, toll roads, bridges) and a range of other real assets concerns.

E‘ 'a Real Estate - Data Centers
% In 2023, PGIM Real Estate launched its data center strategy, investing primarily in hyperscale global data

centers worldwide. PGIM Real Estate has invested in data centers with a total value of over $900 million

completed in partnerships with leading data center operators, including Equinix.

Utility Equity

A strategy that seeks total return that includes capital appreciation and current income by investing in

utilities and utility-related companies. The strategy capitalizes on the growing need for energy.

Professional Investor Use Only. All investments involve risks, including possible loss of principal. Past performance is not indicative of future results. Not all strategies are available in all
jurisdictions and/or to all current and prospective clients.
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APPENDIX

A.1: World’s largest fossil fuel producers and consumers

Share of the five largest producers and consumers of fossil fuels worldwide (2022)

Oil - Top 5
| Cosmim |
1 US 18.9% 1 US 19.7%
2 SaudiArabia 12.9% 2 China 14.7%
3 Russian Federation 11.9% 3 India 5.3%
4  Canada 5.9% 4 SaudiArabia 4.0%
5 Iraq 4.8% 5 Russian Federation 3.7%
Gas-Top5
| Cosmim |
1 US 29.8% 1 US 22.4%
2 Russian Federation 15.3% 2 Russian Federation 10.4%
3  Iran 6.4% 3  Iran 9.5%
4  China 5.5% 4  China 5.8%
5 Canada 4.6% 5 Canada 3.1%
Coal - Top 5
| Coumin
1 China 52.8% 1 China 54.8%
2 India 8.6% 2 India 12.4%
3 Indonesia 8.0% 3 Indonesia 6.1%
4 US 6.9% 4 US 3.0%
5  Australia 6.6% 5  Australia 2.7%
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A.2: Share of total electricity from nuclear energy

Ten countries with the largest share in 2022
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A.3: Global energy consumption from renewables

Five largest consumers of renewable energy in 2022, Exajoules
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A.4: Annual addition of solar capacities

Five countries with some of the largest new additions in 2022, Megawatt
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A.5: Annual addition of wind capacities
Five countries with some of the largest new additions in 2022, Megawatt
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A.6: Annual coal production

Total coal production of the five largest producers and rest of the world, Exajoules
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A.7: Electric power generation

Primary energy sources used for Electricity, quadrillion British thermal units (2022)
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PGIM'S MEGATREND SERIES

How today’s shifting global landscape will affect the investments of tomorrow

The Transformation of Labor Markets

MESATRENDS

Bgﬂgﬁgﬁ%mgw . Among its many tragic human and economic consequences, the COVID-19 pandemic left labor

markets in turmoil. While these issues get much media attention — and some may prove to have
an enduring impact — they often obscure the profound structural changes to labor markets that
were already underway prior to COVID and that will ultimately have a much greater impact on

reshaping the global workforce..
Learn more at pgim.com/labor

Food For Thought

MEATRENDS

Whether seeking opportunities or mitigating hidden risks, understanding the rapidly transforming

food system is crucial for institutional investors.

Learn more at pgim.com/food

o The New Dynamics of Private Markets

THE NEW DYNA Private markets have provided entrepreneurs, corporate tycoons and property developers with

OF PRIVATE MARKETS . . . . R
- access to capital for centuries. But the current scale, growth and complexity of private capital is
truly unprecedented — and is radically altering the investment opportunities and challenges facing

institutional investors.

Learn more at pgim.com/private-markets

Cryptocurrency Investing

MECATRENDS

Exploring why direct investments in bitcoin and its peers are currently unattractive for an
institutional portfolio — underscored by recent gyrations in the crypto market. Still, the
technologies that cryptocurrencies helped spawn present new opportunities for savvy

long-term investors.

Learn more at ggim.cum/crmto
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Reshaping Services

Technological disruption has finally reached the shores of the service economy. It’s a development
that will represent a major shift for investors and the global economy as services represent more
than two-thirds of global GDD, three-quarters of the workforce in developed markets, and nearly

half of the workforce in advanced emerging markets.

Learn more at pgim.com/reshaping

Weathering Climate Change

Climate change is no longer a hypothetical risk. It is already transforming the global economy,
reshaping markets and altering the investment landscape. In this paper, we propose an actionable
climate change agenda that addresses both hidden portfolio vulnerabilities and potential

opportunities in the transition to a lower-carbon world.

Learn more at pgim.com/climate

After the Great Lockdown

The pandemic has forced businesses to adapt in ways that will lead to lasting changes in consumer
behavior and corporate business models. Now is the time to focus on the massive disruption that

lies ahead so we're best positioned for when the Great Lockdown has passed.

Learn more at pgim.com/lockdown

The Future Means Business

Disruptive forces have led to the emergence of three new business models that are radically
changing the investment calculus for institutional investors. Here we explore the investment

implications of these transformative new corporate models.

Learn more at pgim.com/futurefirm

The Technology Frontier

We are living in an era of unprecedented technological change. At PGIM, we believe the
implications for investors will be profound, radically transforming investment opportunities across

asset classes and geographies.

Learn more at pgim.com/tech
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The End of Sovereignty?

Never before in history have people, information and capital moved across borders at the
speed, frequency and volume we see today. In this white paper, we take a closer look at the
escalating tussle between globalization and nationalism, the implications this could have
for global financial markets, and how long-term investors may best position themselves to
navigate these uncertain times.

Learn more at pgim.com/sovereignty

Emerging Markets at the Crossroads

A radical shift in the forces shaping emerging market growth will require investors
to take a different investment approach from what may have worked in the past.
Increasingly, discovering investment opportunities will be rooted in the ability to
capture alpha from the new growth drivers, rather than in chasing the beta of the
broad universe.

Learn more at pgim.com/em

A Silver Lining

The unprecedented aging of the global population creates increased opportunities in
senior housing, multifamily condos, biotech, and the emerging silvertech industry.
Institutional investors should consider how this megatrend could affect their portfolios,
given the trend’s evolving impact on consumer spending and far-reaching effects on
emerging nations, home to two-thirds of the world’s elderly.

Learn more at pgim.com/longevity

Longevity and Liabilities

The rise in global life expectancy has implications for pension plan liabilities that are
not fully appreciated. As new mortality tables demonstrate, longevity risk to pension
liabilities could increase dramatically over the next two to three decades. This report
examines the challenge and the available risk mitigation strategies.

Learn more at pgim.com/longevity

The Wealth of Cities

Never in history has the pace of urbanization been so rapid: 60 to 70 million people
moving to cities every year for the next few decades. To help institutional investors
benefit from this “prime time” of urbanization, we identified a range of specific
investment ideas across the major investable themes of this opportune megatrend.

Learn more at wealthofcities.com
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