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The Energy Trilemma
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An Energy Trilemma — or a hiearchy of needs?
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Source: Rystad Energy research and analysis
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No single silver bullet that solves for all aspects of the Trilemma / Hiearchy of needs

Sustainable

Reliable

Source: Rystad Energy research and analysis

'a;

oil
* %

High emissions and
the transportation
sector is not very
prone to abatement
solutions

1.8 6 & ¢

Affordable albeit
with significant
volatility, but with
stabilizing force in
OPEC.

1 8.6 6 8 ¢

Significant supply
available - political
considerations

significant emissions

D

LNG

* %k Kk

Unabated LNG -
better than coal but

=

Piped gas

1 0.0 & ¢

Unabated piped gas -
better than LNG and
coal but with
methane issues

=

Coal

*

Unabated coal -
worst in class
on CO, emissions

footprint through and air quality

energy intensive associated with impacts
liquifaction infrastructure
leakages
* % * * % % K L. 8. 8.8 ¢

Recent reputation
for price volatility

Typically very
affordable if

Currently easy and
affordable, but with

available growing constraints
including increasing
financing costs
L. 8. 6.8 ¢ * % 1 8. 0.6 8 ¢
Significant supply Constrained by Significant supply
potential held back existing available (but

by non-technical infrastructure, in financing challenges

N/

Renewable

1.0 8.6 8 ¢

Best in class albeit
with a lifecycle
footprint from
manufacturing
processes and

material
consumption

* %k ok

Very affordable

under optimal

conditions but
market saturation
and curtailments
will drive costs up

1.8 6 & ¢

Needs significant
scale and support
infrastructure to

&

Nuclear

* %k ok

No emissions, but
radioactive waste
and poor public
perception

* *

Expensive with
current technology
and massive cost-
overruns in recent
development
portfolio

*

Dispersed uranium

supply with a large

part controlled by
Russia

issues turn limited by may hinder access  provide reliability on
geography going forward) its own. Supply
chain concerns
w % % Higher number of stars indicates higher level of compliance

RystadEnergy



Europe plans to spend $221 billion to ditch
Russia’s energy

By Anna Cooban, CNN Business
Updated 12:12 PM EDT, Wed May 18, 2022
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“. Clean energy package would be biggest legislative
. climate investment in US history

. @ By Ella Nilsen, CNN
3 Updated 3:47 PM EDT, Thu July 28, 2022
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There is an east/west divide to the response on last 18 months events

3 minute read - February 14, 2023 1:48 AM GMT+1 - Last Updated a month ago

Exclusive: Pakistan plans to quadruple
domestic coal-fired power, move away
from gas

By Gibran Naiyyar Peshimam

3 minute read - March 6, 2023 9:51 AM GMT+1 - Last Updated 9 days ago

China leans on coal amid energy security
1 push

By Andrew Hayley

Power transmission towers are
Photo

A coal barge berthing is seen at Tanjung Priok port in Jakarta 26, 2011. REUTERS/Crack Palinggi
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European E&Ps are making largescale renewable investments, substantial FIDs ahead

Renewable energy investment as a share of investments E&Ps current portfolios vs announced net renewable targets
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Source: Rystad Energy research and analysis; Rystad Energy E&P Energy Transition Strategy Dashboard
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Energy is an extremely capital intensive industry, with fossil fuels grabbing lions share in the past

25% Non-fossil based

Fossil based

Past 10
years

*Includes upstream energy; Wells, MINES, POWET BENE. utivii. Cacivucs 1ivcotiiciins 1 wovr ot Cun 1111 Uo T seta © e Ceat ity i o
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All future scenarios call for a re-direction of capital flows towards non-fossil Energy

100 %

25% Non-fossil based

A=

1.6C 1.7C 1.8 Past 10
Next 10 years by scenario years

*Includes upstream energy; wells, mines, power generation. Excludes investments in downstream infrastructure like electricity grids
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The appetite for capital allocation to long-cycled projects is diminishing

Operating cash flow! (left hand axis) vs Offshore exploration spending (right axis)
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Source: Rystad Energy research and analysis
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Amid the recovery, important nuances in the player landscape

Recovery in capex spending 2025 relative to 2021*

~2.2x
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Source: Rystad Energy research and analysis
*Estimated on an operated asset basis
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Global operational offshore wind capacity surpassed 60 GW by year-end 2022

Installed base of capacity by 2022 year-end
Share (%)
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Source: Rystad Energy OffshoreWindCube; Rystad Energy research and analysis
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Capacity additions more than halved y-o-y in 2022 after China’s record-breaking 2021

Annual capacity additions 2016-2021, split by country
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Source: Rystad Energy Offshore Wind Dashboard; Rystad Energy research and analysis
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Auction awards increased significantly in 2022, and set to rise further in 2023

Offshore wind auction/lease capacity by award year, split by region
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Source: Rystad Energy Offshore Wind Dashboard; Rystad Energy research and analysis
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Auctions/lease sales expected to launch in 2023, by country
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Global offshore wind capacity to grow nearly five-fold from 2022 to 2030

Annual capacity additions by region (LHS), and global cumulative capacity (RHS)
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Source: Rystad Energy OffshoreWindCube; Rystad Energy research and analysis
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Projects are getting bigger in size, leveraging advances in turbine technology

Offshore wind farms by start-up year, turbine size and capacity
Megawatts, size of the bubble correspond to project sizes
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European and US developers planning for largest turbines in the market and large wind farms

Offshore wind farms by start-up year, turbine size and capacity
Megawatts, size of the bubble correspond to project sizes
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Three quarters of turbines to be installed from 2026 are above 10MW

Share of installed turbines by size (in megawatts)*
Share (%) of number of turbines
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*Ground turbines only. Excluding mainland China and intertidal windfarms
Source: Rystad Energy OffshoreWindCube

RystadEnergy




Significant increase in WTIV demand, larger turbines to require next-generation vessels

Supply and demand for wind turbine installation vessels*
Vessel years**
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*Current fleet and newbuilds, purpose-built vessels capable of installing 10MW-+ turbines only. **Excluding demand from China and intertidal wind farms.
Source: Rystad Energy OffshoreWindCube, Rystad Energy research and analysis
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Foundation installation demand to outpace supply of dedicated vessels by mid-decade

Supply and demand for foundation installation vessels*
Vessel years**
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*Supply includes core fleet only. **Excluding demand from China and intertidal wind farms.
Source: Rystad Energy OffshoreWindCube, Rystad Energy research and analysis
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Many SOVs deliveries in coming years, bottlenecks less likely compared to other vessel segments

Supply and demand for service operation vessels*
Vessel years
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*Excluding supply and demand from China, and demand from intertidal wind farms.
Source: Rystad Energy OffshoreWindCube, Rystad Energy research and analysis
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Increased drilling activity is driving offshore vessel demand

Market

Demand profile (rig years)

Key trends
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Still secular growth in development
drilling

Expect short-lived comeback in
exploration during 2022/2023 but
still structural reluctance longer
term

Golden triangle to continue its high
relevance

Will enjoy short term uptick to
deliver on incremental production

Expect cool-off with commodity
price normalization

Middle East to gain significant
market share
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Increased jackup activity in the Middle East bodes well for AHTS in the region

Middle East Offshore vessel demand by vessel type
Vessel years
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Source: Rystad Energy Offshore Vessels Analysis dashboard
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Navigating the future of energy

Rystad Energy is an independent energy consulting services and business intelligence data firm offering global databases, strategic advisory and
research products for energy companies and suppliers, investors, investment banks, organizations, and governments.
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