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Overview



Scenario analysis in the World Energy Outlook Ied

The World Energy Outlook (WEQ) uses the latest available World Energy
Outlook

2023

data to analyse energy, emissions and climate trends.

3 core scenarios

Where do What is the What is required for
existing policies impact of the energy sector
take us? announced net to reach net zero - 5
zero and other CO, emissions by IE?,E? America
pledges if they 20507
are met in full?
Energy .
Technolog
STEPS
Stated Announced Net Zero Emissions
Policies Pledges by 2050

Scenario Scenario Scenario
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Main features of the Global Energy and Climate Model ed

+ Large-scale simulation model
* Integrates WEM and ETP modelling frameworks
» Time frame: 1970 — 2050 (annual data)

» 26 demand regions:

- 11 countries: Brazil, Canada, China, India ,
Indonesia , Japan , Korea, Mexico, South
Africa, Russia, US

* Around 120 supply regions

» Technology and sectoral rich

* Includes |IEA historical energy statistics and
short-term energy market trends

2010 2020 2030 2040 2050
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The Global Energy and Climate Model structure

Key outputs

Energy
infrastructure

0,/CH4/N,O
emissions,
water

Investments,
prices, bills

Critical
MILEES

Energy

employment
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Natural gas

Bioenergy

Import 4
Export

Trade matrices

Domestic
production

Primary energy
demand

Coal

Natural gas

Nuclear

Hydro

Bioenergy

Solar PV

Wind

Other
renewables

International prices
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Transformation

Coal upgrading

Refinery

Hydrogen
production

CTL/GTL/CTG

Gas processing
and distribution

Electricity
generation

Heat production

Bioenergy
processing

Final energy
demand

Industry

Non-
energy use

Transport

Residential

Services

Agriculture

End-user prices
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Key inputs

Energy service
demand

Industrial

processes,
heating, steam

Motor driven
equipment
Cooling,
refrigeration

Space and
water heating

Appliances,
lighting

People and

goods mobility

Historical data

Climate and
energy policies

Resources

Technologies

Socioeconomic
drivers
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Connections with the international modelling community e

GEC model

World Energy
Outlook

2023

*#
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NZE addresses the human and economic costs of air pollution

Share of people exposed to PM2.5 air pollution and associated premature deaths in 2030

Million deaths
20% 40% 60% 80% 100% HAP AAP
EMDE : : : — ' 25 44
Advanced : : : : l 0.0 0.5
economies

Stated Po:Iicies Scenério

EMDE ’ » » ’ - 07 24

Advanced 00 02
economies 1

Net Zero Emissions by 2050 Scenario

<5ug/md 5-35ug/m? m > 35 pg/m3

1ed

Exposure to the dirtiest air is cut by 75% by 2030, helping to reduce associated premature deaths by 3.6 million,

predominately in emerging market and developing economies.
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End-use sectors



Questions to be answered by the end-uses modules Ied

* How big is the need for new equipment in the future?
- What is the end-use service demand in the future? (impact of climate change)

- How much equipment needs to be replaced?

* What is the final energy demand for different end-uses?
- Which technologies are chosen to supply above estimated end-use demand?
- How much is the final energy demand reduced by energy efficiency measures?

* What are the resulting total final energy demand, CO2 emissions and investments?
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Example: Transport demand module Ied

Sub-sectors

Road/transport

Passenger-
kilometres

End-use -
energy prices
T

=

Historical
trends

Navigation
Jonne-kilometres
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Transport demand module

1ed

Road transport

Fassenger
e Cars
e Buses

e 2/3-wheelers

1. Projection of the stock

2. Adjustment of the mileage to
road gasoline and diesel
demand from EDC

3. Powertrain allocation
(based on a weibull
distribution)

EFreight
Light-duty trucks
Medium-duty trucks
Heavy-duty trucks

. Projection of the activity

(tonne-kilometres)

. Split between the three

modes

. Adjustment of the mileage to

road gasoline and diesel
demand from EDC

. Powertrain allocation

(based on a weibull
distribution)

Non-road transport

Aviation Rail Navigation | Other
A A
| Econometric modelling E
i adjusted to a detailed !
1 . .
' analysis performed in 2024 |
T T T T T !
1 Econometric modelling by fuel type !

___________________________________________



How does vehicle ownership increase with GDP?
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I The wealthier people get, the more cars they buy — but how many really?
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Powertrain choice 1ed

» Cost-benefit analysis (cost curves for each powertrain)

* Discrete choice theory (to mimic consumers preference) — logit model:

T
4]
bjPPLDV]-

Zj (bjPI:ZDVj)

S harej =

o PpLpyj is the annual cost of a vehicle (i.e. annualised investment, operation and maintenance costs as well
as fuel use), r, is the cost exponent that determines the rate at which a PLDV will enter the market, b; is
the base year share or weight of PLDV,



EVs play a decisive role in reaching net-zero targets e
Share of EVs in total sales in WEO Scenarios

Light-duty vehicles Heavy trucks Two/three-wheelers

2022 STEPS APS NZE 2022  STEPS APS NZE 2022 STEPS APS NZE
2030 2030 2030
Battery electric Fuel cell electric B Plug-in hybrid electric

Battery electric vehicles dominate the market of light-duty vehicles and motorbikes in the Net Zero Emissions by 2050
scenario; FCEVs account around one fourth of heavy trucks sales in 2050
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People will be involved in bringing about the transition

Role of technology and behavioural change in emissions reductions in the NZE

2050
Behavioural changes

and materials efficiency

2020 2030 2040

Low-carbon
technologies with the
active involvement
of consumers

Low-carbon
technologies

Gt CO,

The majority of emissions reduction in NZE depend on consumer choices.
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What’s being done vs what could be done Ied

Reduction in CO, emissions from behavioural changes in 2035

By measure
|' B Low car cities

Annou nced , ; : : ' B Shared mobility
: : : : : Working from home
: : : : : B Speed limits
Pledges § Other fuel efficiency

Reduced SUV use
B High-speed rail

Frequent-flyer levy
M Business flights

B Space heating
Net Zero I-I ] B
: : Eco-household

2050 NN\ e

Discretionary
-1 250 -1 000 - 750 - 500 - 250 B Supported by policy

Mt of CO, & of which infrastructure required

Many behavioural change measures have been proven to work but they need policy
support and, often, new infrastructure.
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Power sector



Electricity leads the way to net zero Ied

Global emissions by sector in the NZE Scenario

Pre-Paris

. Stated Policies
5 .................................................................................... e eesscsecscsscsssssssscsssssassnsens

2010 2020 2030 2040 2050

New policies & announced pledges pull emissions down and electricity is the first sector to reach net zero emissions,
creating opportunities for electrification in other sectors to further drive down emissions
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Power sector module

1ed

Inputs

Historical data

+ Capacity by year & tech

* Generation mix and losses

* Fuel consumption and CO,
emissions

Techno-economic

parameters

+ Starting CAPEX and
learning rates by tech

+ Lifetime & efficiencies

* Grid elements & lengths

* RE capacity factors

Endogenous projections
* Electricity demand
* Fuel & CO, prices

Constraints

+ Policies (e.g. RE targets)

* Technical, market or non-
market limitations

Existing coal-fired power plants by age and size

Capacity and age of coal plants e
Capacity (MW)
— 1400
700
50

o

< 10 years
10 - 30 years
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What does the fleet of power plants look like tomorrow

1ed

Inputs

Historical data

+ Capacity by year & tech

* Generation mix and losses

* Fuel consumption and CO,
emissions

Techno-economic

parameters

+ Starting CAPEX and
learning rates by tech

+ Lifetime & efficiencies

* Grid elements & lengths

* RE capacity factors

Endogenous projections
* Electricity demand
* Fuel & CO, prices

Constraints

+ Policies (e.g. RE targets)

* Technical, market or non-
market limitations

Key modules and calculations

Capacity additions mechanism

Electricity demand Existing plants

load curve  Capacity margin  Retirements
System adequacy overall needs
value-adjusted LCOE

Capacity additions by technology

Dollars per MWh

Outputs

Value-adjustments to the LCOE (illustrative)

Flexibili
Energy Capacity

Levelised Adjusted
cost (LCOE) LCOE
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Share of renewables in total power capacity additions

by region in the STEPS, 2022-2050

China

C & S America
European Union
Japan

India

World

Korea

United States
Africa
Southeast Asia
Middle East

20%

60%

o

80%

m Solar PV
Wind

M Hydro

M Bioenergy

Other renewables

APS

Renewables account for the majority of capacity additions in all regions,
with massive growth for solar PV and wind in all markets, followed by hydro in many
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How is that fleet operated to meet electricity demand?

Inputs

Historical data

+ Capacity by year & tech

* Generation mix and losses

* Fuel consumption and CO,
emissions

Techno-economic

parameters

+ Starting CAPEX and
learning rates by tech

+ Lifetime & efficiencies

* Grid elements & lengths

* RE capacity factors

Endogenous projections
* Electricity demand
* Fuel & CO, prices

Constraints

+ Policies (e.g. RE targets)

* Technical, market or non-
market limitations

Key modules and calculations
Capacity additions mechanism
Dispatch mechanism O
Load curve Installed capacity

Merit order  Capacity factors

Electricity generation by technology

Outputs

* Electricity generation by
technology and age

 Installed capacity by
technology and age
* Plant investment needs

1ed



Global implications of an electrifying future Ied

Inputs Key modules and calculations Outputs

Historical data

« Capacity by year & tech ‘ *

* Generation mix and losses

* Fuel consumption and CO, . - . * Installed capacity by
emissions Capacity additions mechanism technology and age
< > * Plant investment needs
Techno-economic Dispatch mechanism
parSameter% APEX and * Electricity generation by
+ Starting an : technology and age
learning rates by tech Load curve Installed capacity
» Lifetime & efficiencies * Fuel consumption and
. Sll':_ld elem.?ntfs 8:( lengths Merit order ~ Capacity factors ngte_”"_'iSSiO_nS A bl
. capacity factors * Electricity prices and bills
* T&D investment needs
Endogenous projections Electricity generation by technology
* Electricity demand
* Fuel & CO, prices
Constraints
i ) Fuel CO, Electricity T&D

» Technical, market or non- ) . i )
L inputs emissions prices grids
market limitations Page 23
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Oil & gas supply



Modelling new upstream investment needs | 1ed

mb/d 100

80

Demand
60

New field developments
40

Existing supply

20 With investment in existing fields

No new investment

2010 2015 2020 2025 2030 2035 2040

Current production declines, creating a gap with demand that must be filled with new investments
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Modelling new upstream investment needs li

Existing oil
production

Y

Production
decline rates

Capital &
operating costs

Fiscal regimes

Financial risks
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> ilabl. Qil i
oil procuction e Million barrels
per day Demand

100

v Logistical

[E= —k

/ oil production )

,

| resources
60
40

\
Additional oil Emission
production factors 20

A

0
2010 2020 2030 2040

Existing production

Hydrocarbon prices are calculated endogenously from demand and NPV
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Twin peaks, but what lies beyond? 1ed

Oil demand (mb/d) Natural gas demand (bcm)

Stated Policies
5000

Stated
Policies

Wind

Elegtghpation .. Solar
AVdvodect
D QOO reeerererrereresees s Bioenhergy

Efficiency and avoided demand R
Electrification

—_—

Net Zero by 2050 Net Zero
by 2050
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

Today’s momentum behind clean energy transitions is sufficient to generate peaks in oil and gas demand by 2030,
but much more needs to be done to bring demand down in ways that meet national & global climate goals
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Methodological approach for oil and gas methane emissions Ied

Measurement studies

US emissions

intensities
Satellite readings
Country Country-level
emissions Activity data = methane
intensities emissions
Governance indicators
Rule of law, regulation...
Country
scaling
factors

Industry indicators
Operator; age; flaring;
pipeline length

Our estimates take into account a range of auxiliary data that is calibrated to match available measurement data
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There is a huge opportunity to cut oil and gas methane emissions Ieqd

Main sources of methane from human activities

Agriculture Agriculture
Energy Gas Energy
Bioenergy
Waste Waste
0 50 100 150 0 50 100 150
Million tonnes of methane Million tonnes of methane

The energy sector is responsible for nearly 40% of total methane emissions from human activity today
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It is incredibly cheap to cut methane (irrespective of gas prices) Ieqd

Costs from avoiding methane emissions at oil and gas operations, 2022

20 Replace existing devices

Early replacement of devices
= Replace pumps
15 m Replace compressor seal or rod

Replace with instrument air systems

Cost (USD/tCO2e)

= Replace with electric motor

Install new devices

10 .
Vapour recovery units

= Blowdown capture
u Install flares
m [nstall plunger

5
Leak detection and repair
Upstream

m Downstream

0 200 400 600 800 1000 1200 1400 1 600- 1 800
Potential emissions savings Mt CO2¢ Other

Almost all available abatement measures would be cost effective in the presence of an emissions price of only 15
USD/tCO2-eq (without revenue from gas sales)
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Clean energy transitions



New dynamics for energy investment Ied

Annual spending in fossil fuels and clean energy
Past Future

Trillion USD (2022) Fossil fuels Clean energy

2015 2020 2023 2030 2030

Fossil fuel investment today is in line with levels needed in the STEPS.
Today, every dollar spent on fossil fuels sees USD 1.8 spent on clean energy.
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New dynamics for energy investment Ied

Annual spending in fossil fuels and clean energy
Past Future
Fossil fuels Clean energy

Trillion USD (2022)

Fossil fuels .

2015 2020 2023 2030 2030

Fossil fuel investment today is in line with levels needed in the STEPS.
Today, every dollar spent on fossil fuels sees USD 1.8 spent on clean energy. This rises to USD 10 in 2030 in the NZE.
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We have the tools to go much faster Ied

Renewables installed Annual energy intensity Methane emissions from
capacity (GW) improvement fossil fuel operations (Mt)

2022 2030 2022 2030 2022 2030

Energy-related greenhouse gas emissions peak by 2025 and decline by nearly 40% from today to 2030.
Proven solutions available today deliver over 80% of what is needed this decade.
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A roadmap to net zero by 2050

® Clean energy growth results in:

i+ No need for new unabated coal power

* No need for new oil and gas fields

1ed

® Key global ambitions for this decade:
.+ Triple renewables capacity

S 40 * Double energy intensity improvements
®) : + Cut methane from fossil fuels by 75%
0}  All new heavy industry capacity near-zero-emissions capable
30 ® Benchmarks for the Global Stocktake and NDCs:
» Advanced economies CO, declines 80% collectively
» Emerging & developing economies CO, declines 60% collectively
20 The energy system transformed: ®
» Power generation 90% renewable
* Nuclear capacity doubled
» Energy consumption 50% electrified
10 * Annual removals of 1.7 Gt CO,
2020 2025 2030 2035 2040 2045 2050
Page 36
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