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Key points

e Energy is essential - it provides us with heat, lighting
and the power to makes machines and engines run

e Society is however reliant on fossil fuels and
harnessing nature where it can - biomass, wind, water
and so on

e  Two-thirds of the energy injected into the system is of
no use - reducing those losses is possible through
traditional efficiency gains and more significantly by
electrifying processes and end uses

e There are ever-growing opportunities to invest in
companies that can deliver energy efficiency gains and
in the broad electrification ecosystem

The US Energy Information Administration defines energy as
follows: “Scientists define energy as the ability to do work.
Modern civilization is possible because people have learned
how to change energy from one form to another and then use
it to do work. People use energy for a variety of things, such as
to walk and bicycle, to move cars along roads and boats
through water, to cook food on stoves, to make ice in freezers,
to light our homes and offices, to manufacture products, and to
send astronauts into space.”!

In other words, energy is what brings us light, heat and motion.

Energy has also become a political as well as public priority; the
pressure is on all economic players —and investors —to turn
greener, which means we need to see a massive expansion of
renewable energy. Ever-greater innovation in engineering and
technology is helping to spearhead a drive towards global
climate goals, which in turn is opening up more and more
potential long-term investment opportunities.

Exhibit 1 is an insightful way to characterise the energy system
from start to end and its practical meaning in our daily lives.

Exhibit 1: Heat and Work in the Global Energy System

Energy Sources Conversion Final Fuels Conversion Energy Services

Solids Bollers Heating

Heat —»  liquids Dryers Washing
Coal / 0il / Gas / Gases Furnaces Drying
Nuclear / Cooking
Geothermal

Electrical » Melting
heat etc..

. Lighting
Work % Electrichty Engines * Transporting
Wind / Solar /

Motors —» Data processing
rsropeer Appliances etc..

Source: “From using heat to using work: reconceptualising the zero carbon
enerqy transition”, Nick Eyre, Energy Efficiency, September 2021

One striking feature of society’s energy system is that it is still
very inefficient, because we waste most of the energy. Take the
US, where only one-third of the energy supplied is useful to the
final user, for instance to move around, cook or run a factory.
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Exhibit 2: US energy flows in 2022

Electricity Residential Rejected
esidentia
Renewables 38 Energy
67
Commercial
Nuclear
. Industrial Energy
Fossil Fuels Services
Transportation 33
100
76

Source: Energy Flow Charts | Flowcharts (lInl.gov). In units of energy (quads).

Gap between supply and consumption

Fundamentally the majority, at 79%, of our energy still comes
from fossil fuels?. When coal, crude oil and natural gas are
transformed into something useful — electricity, transportation
fuels or heat —and when machines and engines are humming
away, most of the energy ends up in heat, leaks away or is lost
to friction.

A typical coal power plant has an energy yield of around 35%,
meaning 65% of the energy content of the coal feedstock is
lost. For a modern combined-cycle gas plant, the loss is ‘only’
around 55% and best in class is below 40%3.

To better understand this let’s start with a few definitions as
set out below:

Supply
- Primary Energy or Total Energy Supply (TES): All

energy products that are not transformed and directly
exploited. This mainly includes crude oil, natural gas,
coal, biomass, solar radiation, hydraulic energy, wind
energy, geothermic energy and the energy taken from
uranium fission

- Secondary Energy: All energy obtained from
converting primary energy into a transportable form.
This mainly includes electricity from fossil fuels and
uranium, liquid fuels such as gasoline or diesel, and
heat

Consumption
- Final Energy or Total Final Consumption (TFC): The

energy that end-users buy and receive, such as
electricity at home or gasoline at a service station

- Useful Energy or Energy Services: The energy that is
available to end-users to satisfy their needs; it is the
energy service provided. It is a fraction of TFC. For
instance, for a car, a truck, or a plane, it is the
movement of the vehicle; or it is the heat provided by
a gas boiler.

The International Energy Agency (IEA) provides detailed energy
data documenting the evolution of supply (TES) and
consumption (TFC) and the gap between them. In the graph
below you can see in detail where and how energy is lost.

Exhibit 3: From supply to consumption
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Source: IEA, World Energy Balances Highlights, September 2023 (in exajoules)
CHP: Combined Heat & Power

This chart tells a clear story:

e Asignificant part of the energy supply is lost in
conversion

e  More than 60% of the losses are generated when
producing electricity and heat

In addition to the losses between primary energy and final
consumption, there are additional losses between final
consumption and useful energy, i.e., the energy that is actually
used by the end customer. Think for instance about gasoline
heating an automotive engine — useless — as well as moving the
car — useful. This is shown in Exhibit 4. Ultimately, about two-
thirds of primary energy is rejected, i.e., it is of no use to
society.
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Exhibit 4: From primary to useful energy

Exhibit 5: Energy efficiency or energy out relative to energy in

Conversion losses
-28%

Transportation losses
-4%
End-user losses
100% -33%

72%

Primary Energy Secondary Energy Final Energy Useful Energy

Sources: IEA, EIA, Lawrence Livermore National Laboratory

The drive for efficiency

The logical question is how to change this. How can we increase
the share of useful energy and reduce waste? While the laws of
physics cannot be beaten, there are ways to improve the
situation — namely through two key and interconnected levers:
efficiency and electrification.

It is no coincidence that one of the conclusions of 2023’s
United Nations climate change conference COP28 was to call
for “tripling renewable energy capacity globally and doubling
the global average annual rate of energy efficiency

improvements by 2030”4

Efficiency is about having the same output for a lower energy
consumption, or more output for the same energy
consumption. According to the IEA, energy efficiency has
improved by slightly above 1% per annum over the past 20
years,® with better results in recent years. In practice, the
COP28 agreement, including a dedicated pledge on efficiency
calls for achieving 4% annual efficiency gains.®

To do so, the right policy is required to support more efficient
solutions, for instance better housing insulation, access to still-
expensive electric cars, or public transportation. Policy also
ought to support electrification more broadly. It makes sense to
incentivise industries and people to go electric, because an
electricity-powered machine is always more efficient than a
fossil fuel-powered machine.

Exhibit 5 compares energy efficiency of electric and fossil fuel
pathways for several products and equipment. The data is at
the point of consumption and does not factor in losses and
inefficiencies (such as power losses in the grid or energy
consumption of converting crude oil into refined products).

16%-25%
24%-38%
87%-91%

Gasolinecar
Hybrid car
Electric car *

Induction cooktop 84%
Electric cooktop 74%
Gas cooktop 40%

150%-300%
80%-90%

Air-sourced Heat Pump
Gas boiler

Source: US EPA; IEA; US DOE
*Includes 22% from regenerative braking

For a car with a gasoline engine, the US Environmental
Protection Agency’ estimates that no more than 16% to 25% of
the energy is used to move the car. For a pure electric car, the
ratio is 87% to 91%, and 65% to 69% without regenerative
braking.

Overall, electrification eliminates, or strongly reduces, heat
losses and leakages along the energy chain.

In addition, if the electricity is renewable, i.e., not based on
fossil fuels, then conversion losses from primary to secondary
energy are also eliminated. It is however not all green as solar
and wind farms have lower capacity factors.

This is why we deem electrification and efficiency to be
interconnected levers.

Hence, considering an energy transition general pathway, the
logic would be to:

e Electrify what can be: light and medium-duty
transportation; some heavy-duty transportation;
heating, ventilation and air conditioning; engines and
motors; low and medium industrial heat

e Decarbonise electricity production

e Tackle areas where electricity is not the solution: high
temperature industrial heat (more than 850°C);
aviation; long-haul shipping; certain heavy duty on and
off-road equipment.

The main options are to be found in bioenergy,
hydrogen, or e-fuels

From an investor point of view, this means that there are
opportunities to invest in companies that can deliver energy
efficiency gains and in the broad electrification ecosystem.
Those are far from being new trends, but they are structural
and provide long-term visibility.
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3 Breaking the power plant efficiency record again | GE Gas Power, March 2018

4 COP28 - Outcome of the first global stocktake, UNFCCC, 13 December 2023

> Energy Efficiency 2023, IEA, November 2023

6 COP28: Global Renewables and Energy Efficiency Pledge

7 Where the Energy Goes: Gasoline Vehicles (fueleconomy.gov)

Disclaimer

This document is for informational purposes only and does not constitute investment research or financial analysis relating to transactions in financial instruments
as per MIF Directive (2014/65/EU), nor does it constitute on the part of AXA Investment Managers or its affiliated companies an offer to buy or sell any investments,
products or services, and should not be considered as solicitation or investment, legal or tax advice, a recommendation for an investment strategy or a personalized
recommendation to buy or sell securities.

Due to its simplification, this document is partial and opinions, estimates and forecasts herein are subjective and subject to change without notice. There is no
guarantee forecasts made will come to pass. Data, figures, declarations, analysis, predictions and other information in this document is provided based on our state
of knowledge at the time of creation of this document. Whilst every care is taken, no representation or warranty (including liability towards third parties), express
or implied, is made as to the accuracy, reliability or completeness of the information contained herein. Reliance upon information in this material is at the sole
discretion of the recipient. This material does not contain sufficient information to support an investment decision.

Neither MSCI nor any other party involved in or related to compiling, computing or creating the MSCI data makes any express or implied warranties or
representations with respect to such data (or the results to be obtained by the use thereof), and all such parties hereby expressly disclaim all warranties of
originality, accuracy, completeness, merchantability or fitness for a particular purpose with respect to any of such data. Without limiting any of the foregoing, in no
event shall MSCI, any of its affiliates or any third party involved in or related to compiling, computing or creating the data have any liability for any direct, indirect,
special, punitive, consequential or any other damages (including lost profits) even if notified of the possibility of such damages. No further distribution or
dissemination of the MSCI data is permitted without MSCI’s express written consent.

Issued in the UK by AXA Investment Managers UK Limited, which is authorised and regulated by the Financial Conduct Authority in the UK. Registered in England
and Wales No: 01431068. Registered Office: 22 Bishopsgate London EC2N 4BQ.

In other jurisdictions, this document is issued by AXA Investment Managers SA’s affiliates in those countries.
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