DNV

ENERGY
TRANSITION
OUTLOOK
2025

A global and regional forecast to 2060



DEVELOPMENTS FORECAST

FOREWORD

ELECTRIFICATION

HARD SECTORS FOSSIL FUELS

Ten years have passed since representatives from 196 nations signed the Paris Agreement.
Since then, only six countries have reduced their emissions in line with their pledges, while
the US has exited the Agreement, again. It is now widely acknowledged that the world will
not achieve net-zero emissions by 2050. This means warming will exceed 1.5°C and then
increase relentlessly until we reduce greenhouse gas emissions to zero.

Faced with these developments, a casual observer
might conclude that the energy transition is stalled
or in reverse. That is most definitely not the case. The
energy transition is rolling on. DNV's annual Energy
Transition Outlook has, consistently, forecast a shift
from today’s 80/20 fossil/non-fossil primary energy
mix to a 50/50 mix by 2050. That is still our prediction
this year, although some aspects of the transition are
supercharged and progressing rapidly, while other
aspects of the transition have hit turbulence and are
delayed. This leads to a marginally slower transition
than our forecast last year.

It is now widely acknowledged that the world
will not achieve net zero emissions by 2050,

which means warming will exceed 1.5°C.

Hydrogen and its derivatives, floating offshore wind,
and novel nuclear solutions comprise the expensive
side of decarbonization, with uptake driven by policy
rather than market forces. These technologies all play
a more muted role in this year’s forecast, only really
scaling in the 2040s.

In contrast, cheap renewable electrons, stored when
necessary in ever-cheaper batteries, are already an
unstoppable force. We forecast that solar (both with
and without storage) and wind will be 32% of the
global power mix by 2030. We expect a resurgence
in offshore wind by 2030, such that variable renewables
will provide more than 50% of all electricity by 2040.
By then, electricity will have grown 55% from today’s
levels. What is stopping runaway developments in
electrification is a lagging grid buildout. We estimate
that in Europe, absent the present ‘gridlock’, solar
capacity could be 16% higher by 2035, and wind
capacity 8% higher.
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Soaring power demand from Al data centres is
placing additional strain on already congested grids,
particularly in North America. Our analysis finds

that Al's energy demand growth is likely to become
more linear over time (outpaced, for instance, by EV
charging demand) even as the cognitive services of
Al expand exponentially. That is due to many efficiency
effects working together, a theme we explore in
some depth in this year’s forecast.

In our view, the heightened focus on energy security
by policymakers worldwide slightly favours non-fossil
over fossil sources in the long run. That includes a
resurgence of investment in nuclear power, which we
predict will grow 150% from today’s levels by 2060.
On the fossil side of the mix, policy reversals in the
US will see its emission reductions set back around

5 years. The US accounts for one seventh of global
primary energy use and thus exerts some influence
on the overall picture. However, massive scale
decarbonization of the Chinese economy continues,
coupled with low-cost electro-technology exports
from China to other regions.

This year, our forecast runs to 2060, not 2050.

That is mainly because the transition is by no means
complete in 2050 and there is a very important
dynamic unfolding in the decade thereafter as

the world trends further towards a decarbonized
energy mix. That trend is unstoppable but too slow,
setting up grave risks for future generations.

DNV Energy Transition Outlook 2025

Net-zero emissions in our forecast is only achieved
towards the end of this century, and the accumulation
of emissions until then takes us beyond 2°C of
warming by 2100. Science has shown beyond any
doubt that humanity will then be experiencing, to
its great cost, how critical each tenth of a degree of
global warming is to our planet and society.

Remi Eriksen
Group President and CEO
DNV
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HIGHLIGHTS

0 Policy reversals in the US will have 1 — In the rest of the world, most countries are
only a marginal impact on the global 1. Policy reversals in the US will have only a embracing competitive Chinese technologies,
energy transition marginal impact on the global energy transition with year-on-year growth in installations at around
25%. Fossil energy use is also rising, but not as
. . — This year, we project an energy transition that is quickly. The primary energy fossil fuel share only
9 Energy security actions globally marginally slower than the transition we forecast shrinks from 79% to 75% over the next 10 years.
pro.du.ce 2l e re‘.SUIt of lower last year, both in terms of emissions and fossil's
SIS Ve WA share of primary energy. — This year, DNV forecasts the energy transition
to 2060 for the first time. We project the global
o 2 el sl st nem e s e — In the US, fossil fuel promoti.o.n and the reversal transition.will continge th.rough the 2050s, wit.h
electricity production grows and of clean. energy sgpport p(')hc?les marke.dIy slow acc'ele'ratlon at that jclme in nuclear and negative
greens with a progressively higher that nation’s transition. Emission reductions are emission technologies.
e drere delayed by about five years (Highlight 1) and
through to 2050 annual CO, emissions are reset Evolution of energy-related CO, emissions in North America /
500 to 1000 Mt higher than we predicted one aiciinitheliesoRtisi Vo RENEE Rz i)
O Al's energy use may seem alarming, year ago. 6- 40-
but at only 3% of global electricity Emission decine
by 2040, is projected to stay below — China continues to set renewables buildout 54 is slowed down
booming sectors like EV charging records with 390 GW of solar PV (56% share of (_/ R 30 XK, .
and space cooling new global capacity) and 86 GW of wind (60% 4-
share) expected to be installed this year. Chinese ' /
cleantech exports continue to propel the 31 | 201
e Emissions are not even halving by transition in the rest of the world. thﬁ@fﬁigiiﬁ:
2050, and urgent action is required 2 \ a similar trend
to reach the ‘well below 2°C’ target — Europe is seeking to balance climate action with 20‘24 ! 107
competitiveness. Harder-to-decarbonize sectors " o
are progressing slowly. While Europe’s renewable ; ;
el bUIldou,t remains relatively strong, it falls q,qu m&g q,Q@ q,sog q,QbQ q,qu q/&g q,Q@ q,g)g f@bg Block Island Wind Farm - the first US offshore wind farm
short of the EU’s 2030 renewable energy targets. — off Rhode Island. (Photo by Dennis Schroeder / NREL)
HIGHLIGHT 1 |
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2. Energy security actions globally produce a
net result of lower emissions over time

— Energy security priorities result in a decrease in
emissions among energy-importing countries,
while energy-exporting countries tend to see an
increase in emissions. This trend endures even
with the increased emphasis on domestic coal
production in China and India.

Effect of energy security policies on energy-related
CO, emissions in year 2040, in selected regions

Europe

Indian Subcontinent

Greater China

Energy security policies
lead to lower global
emissions in 2040

World

North America

Middle East and
North Africa
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— When we remove the energy security dimension in
our global energy model, leaving only the afforda-
bility vs sustainability dilemma, sustainability
suffers more. The effects are moderate, but we
find energy security actions taken together lower
global emissions by a percent or two depending
on year. For Europe, the effect is marked: emissions

9% lower in 2050.

— Security-focused governments are pushing nuclear
power, and it will account for 9% of electricity
supply in 2060. Without the energy security boost,
nuclear power would be a third lower.

— Energy and national security concerns produce
several dilemmas, including varying degrees of
willingness to import cheap Chinese technologies.

— Building up effective domestic production,
alternative supply chains, and sourcing materials
from new sites are all lengthy and expensive
exercises, but fully possible. Increasing global
tension is weaponizing both energy and energy
technologies, with the US and China at the forefront
of that race.
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3. EV and solar set new milestones as
electricity production grows and greens with
a progressively higher non-fossil share

— This year, the world reached the milestone of more
than 50 million EVs on the road. Most of them
(60%) are in China, with Europe at 21%, and North
America at 13%. By 2030, we expect there to be
200 million EVs on the road. The point of inflection
— EVs at 50% of global new passenger vehicle
sales — will be reached in 2032.

World electricity generation by power station type (PWh/yr)
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__Solar PV
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— By the end of 2025, global solar PV capacity will
exceed 3,000 GW, with 47% installed in China
and 20% in Europe as the two leading regions.
Rapid growth will continue in all regions: solar PV
is 10% of all power produced worldwide today; it
will be 20% in 2029 and 40% in 2045.

— The plunging costs of solar panels and batteries
have made behind-the-meter (BTM) solutions
attractive for a range of households and business.

BTM will represent 30% of all solar and 13% of all
power generated by 2060.

— Globally, electricity is growing and greening
rapidly and at scale. A 120% expansion from
today to 2060 will see electricity shift from a 21%
share of global energy demand to 43%. This
encompasses growth in transport, buildings, and
manufacturing in all regions. The fossil share of
electricity supply over the same period falls from
59% to just 4%.

— For hard-to-decarbonize sectors, like heavy
transport and high heat, we see that global
rivalry and the economic slowdown are having an
impact. Over the last three years, our forecast for
the hydrogen share of the 2050 energy mix has
shrunk from 4.8% to 3.5%.
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4. Al's energy use may seem alarming, but

at only 3% of global electricity by 2040, we
project it will stay below booming sectors like
EV charging and space cooling

— With power-hungry data centres multiplying to
service the rapid growth of Al applications, we
find that the initial exponential growth in power
demands will give way to a more linear pattern
over time.

— Data centre energy use will quintuple to 2040,
equalling 5% of all global electricity. 3% of this is
for Al and 2% for general-purpose data centres.
There are large regional variations; in North
America the 2040 share is 16% of all electricity,
with 12% being Al.

— Looking at short-term electricity growth, Al is
the biggest driver of electricity consumption
the next five years in North America. In Europe,
EV charging growth far exceeds Al's demand
growth, as do both EV charging and the cooling
of buildings in China and India.

ELECTRIFICATION
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— The direct involvement of big tech in data centre
energy supply is a new driver for new nuclear
R&D, in part because big tech is less cost-sensitive
than traditional power consumers. However, new
nuclear energy will not be ready any time soon,
and for the near- to medium-term, additional
supply needed by data centres will come from
fossil fuels and renewables, with regional
variations.

POLICY

World electricity demand from data centres (PWh/yr)

EV
charging
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HIGHLIGHT 4 | World demand for EV charging given for comparison.
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5. Emissions are not even halving by 2050,
and urgent action is required to reach the ‘well
below 2°C’ target

— Global CO, emissions reduce 43% from today
to 2050 and 63% to 2060 — and are expected to
reach net zero only after 2090. Emissions reduction
in both absolute and relative terms is strongest in
the power sector with an 88% (13 Gt) decrease,
followed by the transport sector with a 58% (5 Gt)
reduction.

— CCS and net-negative emission technologies
remove 35 Gt of emissions from today to 2060,
equalling 4% of cumulative emissions in the
period. Although the contribution is moderate,
CCS is an important part of emissions reduction.
Beyond our forecast period, an enormous amount
of carbon dioxide removal (CDR) alongside nature-
based solutions will be required to ensure net-
negative emissions, which we estimate will only
occur after 2090.

— The carbon budget for 1.5°C is exhausted in
2029 and 2°C in 2052; limiting global warming to
1.5°C without a temporary overshoot is no longer
possible.

DNV Energy Transition Outlook 2025

— Emissions in our forecast are associated with a
temperature rise of 2.2°C above pre-industrial
levels by 2100. There is an additional risk of higher
warming based on new research on climate sensi-
tivity not yet included in IPCC carbon budgets.

— Limiting global warming to ‘well below 2°C" is still
possible and urgent actions in all sectors and in all
countries and regions are crucial to ensure this.

World CO2 emissions by sector (GtCOz2/yr)

40+

301

201
__ Power
__Transport

10
Buildings

Manufacturing
(incl. processes’

0 ' Other
2010 2020 2030 2040 2050 2060

HIGHLIGHT 5 |



< =

CON

TENTS

> . DEVELOPMENTS

Foreword
Highlights
Introduction

1 Key developments over the last year

1.0
1.1

1.2
1.3
1.4
1.5

Highlights

Geopolitics and the energy transition
Policy debrief

Other energy trends

Updates to the model

Forecasting to 2060

2 DNV forecast

2.1
2.2

Summary of energy supply and demand
The competition between fossil and
non-fossil energy

FORECAST

10
12
14
15
16

17
18

20

ELECTRIFICATION

5

HARD SECTORS

2.3 Energy efficiency

2.4 Al as a major source of energy demand

2.5 Demand sectors
2.6 Transport

2.7 Buildings

2.8 Manufacturing

Electrification

3.0 Highlights

3.1 Electricity demand and supply
3.2 Solar

3.3 Wind

3.4 Nuclear power

3.5 Hydropower

3.6 Power grids

3.7 Storage and flexibility

Hard-to-decarbonize sectors

4.0 The challenges for electrification
41 Hydrogen

4.2 CCS

4.3 Bioenergy

4.4  Direct heat

The evolving fossil fuel role

5.0 Highlights
51 Coal
5.2 Qil

FOSSIL FUELS

POLICY

21
24
26
27
32
35

39
40
41
47
52
55
59
60
65

68
69
70
74
75
76

77
78
79
80

FINANCE EMISSIONS REGIONS ETO MODEL
5.3 Natural gas 83
5.4 Non-energy demand 86
Policy 87
6.0 Highlights 88
6.1 The energy transition’s policy toolbox 89
6.2 The policy toolbox at work in ETO

regions 90
6.3 Carbon price: essential but uncertain 92
6.4 The effect of policy on hydrogen
development 93
Financing the energy transition 94
7.0 Highlights 95
7.1 The investment transition — from fossil
fuels to electricity infrastructure 96
7.2 A diverging financial landscape
— mapping the new realities of energy
investment 97
7.3 The regional picture for energy
investments 100
Emissions and climate implications 101
8.0 Highlights 102
8.1 Emissions 103
8.2 Global warming from compounding
emissions 105

DNV Energy Transition Outlook 2025

9 Regional transitions
A global direction, but different
regional pathways
Greater China
North America
Indian Subcontinent
Middle East and North Africa
Europe
Highlights from our European
country reports
North East Eurasia
South East Asia
OECD Pacific
Latin America
Sub-Saharan Africa

10 The ETO Model
10.1 Systems thinking: How we model the
interconnections in the energy system
10.2 How the ETO Model operates
10.3 What's new in the ETO Model this year
10.4 Policy factors in the ETO Model
10.5 Assumptions (GDP, population)

References
The project team

108

109
110
1M1
12
113
14

15
16
117
118
19
120

121

122
123
124
125
126

128
133



< = > DEVELOPMENTS FORECAST ELECTRIFICATION HARD SECTORS FOSSIL FUELS POLICY FINANCE EMISSIONS REGIONS ETO MODEL DNV Energy Transition Outlook 2025

INTRODUCTION

About this Outlook: This is the 9" edition of our annual Web resources - www.dnv.com/eto

Energy Transition Outlook (ETO), which presents the results @ Independent view

of our independent model of the world’s energy system. More detailed descriptions of the regional transitions can be found on

It covers the period through to 2060 and forecasts the our main ETO web hub, along with more specialized reports on the DNV was founded 161 years ago to safeguard life, property, and

g : : energy transition, country-level reports, and downloadable versions of the environment. We are owned by a foundation and are trusted

energy transition globally and in 10 world regions. L ) .
most of the charts in this and other reports. Our forecast data may be by a wide range of customers to advance the safety and sustaina-
freely accessed at eto.dnv.com/data. bility of their businesses.
For our readers in maritime and related industries, our annual Maritime 70% of our business relates to the production, generation,
Forecast is a widely consulted source on the maritime energy transition. transmission, and transport of energy. 63% of that work is

non-fossil-fuel related and 37% related to the oil and gas industry.

m ......... ' Our approach

Our best estimate, A single forecast, Our guiding principles in producing this forecast include: Developing an independent understanding of, and forecasting,
not the future we want not scenarios the energy transition is of strategic importance to both us and
— Producing a best estimate of the energy future, which differs in many our customers. This Outlook draws on the expertise of over 150
ways from the future we want to see unfold professionals in DNV. In addition, we are very grateful for the

— Publishing a single ‘most likely’ forecast, and not a range of scenarios, assistance provided by external experts. All contributors are listed
HHH which often serve to confuse rather than inform on the last page of this report.

— Emphasizing and exploring long-term dynamics rather than short-term

Continued development imbalances
Long-term dynamics, of proven technology, not — Focusing on proven technologies and excluding unproven or future
not short-term imbalances uncertain breakthroughs

potentially ‘breakthrough’ technologies

— Incorporating main policy trends; treating untested policy commitments
with caution

— Modelling effects of behavioural changes — e.g. in relation to energy

efficiency.
Main policy trends included; Behavioural changes: some Chapter 10 contains more details on our modelling methodology and
caution on untested assumptions made, e.g. linked presents an overview of the updates to our model over the last 12 months.

commitments, e.g. NDCs, etc. to a changing environment


http://www.dnv.com/eto
https://www.dnv.com/maritime/maritime-forecast/
https://www.dnv.com/maritime/maritime-forecast/
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1.0 HIGHLIGHTS

Key developments over the last year

® Geopolitics and the energy transition

Restructuring the global economy: With geopolitical uncertainty and the
IMF’s weaker economic outlook, we depart from a ‘business as usual’
economic forecast for GDP per capita growth.

Geopolitically-driven energy security focus: Governments are increasingly
prioritizing domestic energy sources to reduce dependence on imports.

Reshoring manufacturing and regionally-driven technology
deployment: Securing access to critical energy infrastructure through
domestic manufacturing raises costs in the short to medium term.

® Policy debrief

North America is slowing its transition and increasing emissions due to
a pivot in US energy policy.

Europe strives to balance industrial competitiveness and climate action.

Greater China is poised for decarbonization leadership, and coal power
retraction is starting.

The Indian Subcontinent embarks on industrial decarbonization and
growing cleantech manufacturing.

Global:
— In April 2025, the International Maritime Organization advanced its Net-
Zero Framework, set for adoption in October and effective from 2028.

— In November 2024, a New Collective Quantified Goal was agreed at
COP29 in Baku for a tripling of climate finance.

e Other trends affecting the energy transition

Cost declines: China is the undisputed global leader in the production
of clean energy technologies, for both domestic use and export.

New producers and consumers: Behind-the-meter solar PV generation
(on rooftops and industrial sites) is growing rapidly, making prosumers
important players in the power system.

Global warming records: 2024 was the warmest year on record, with an
average surface temperature at 1.55°C above pre-industrial levels.

ELECTRIFICATION
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9%

Increase in military
expenditures in all
world regions
in 2024
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ETO Model updates
Model sensitivities and improvements

Energy security and policy revisions: Energy security concerns are a
defining feature of today’s energy landscape. On a global scale, these
concerns lead to policies promoting domestic energy sources (both
fossil and non-fossil) that collectively tilt slightly in favour of renewables.
Our modelling suggests that absent these measures, global emissions
in 2040 would have been 0.9% higher.

GDP long-term forecast: Following the IMF and OECD, we have revised
our GDP outlook to reflect slower near-term growth and a less optimistic
long-term trajectory.

Other adjustments:

Data centres are now modelled with feedback between computing
performance, chip supply, and server costs, with separate treatment for
Al-focused facilities.

Behind-the-meter solar and storage are captured in more detail.

Carbon pricing is represented more dynamically, rising not only with
absolute emissions, but also with the pace of decarbonization,
strengthening the link between policy ambition and progress.

2060 forecast

For the first time, we are modelling to 2060, not 2050.

Although the energy system of 2050 will be significantly
different from today, the world will still be in the middle
of a transition.

Many national decarbonization plans set a net-zero
emissions target date closer to 2060.
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1.1 GEOPOLITICS AND THE ENERGY TRANSITION

The current geopolitical landscape is shaped by two overlapping confrontations between
superpowers. A systemic US-China competition has expanded from trade to encompass
technology, finance, and security, with intensifying export controls and investment
screening across sectors. Russia’s war against Ukraine has entrenched a military standoff
with NATO and accelerated rearmament, causing defence spending and industrial
mobilization to rise in Europe and Asia. Together, these dynamics constitute a renewed
arms race spanning conventional forces, missile defences, space, and cyber, reinforced

by tightening minilateral coalitions and counter-coalitions.

Globalization is fragmenting rather than reversing.
Sanctions, tariff expansions, industrial policy, and
critical-minerals and data-localization rules are
re-wiring supply chains toward ‘re-/friend-shoring’.
Recurrent trade shocks — including the pandemic,
the Suez and Panama Canal disruptions, and the Red
Sea shipping attacks — have reinforced a shift from
efficiency to resilience, duplicating capacity and
raising costs. Confidence in rules-based governance
is weakening; the WTO's dispute settlement system
remains paralysed and Security Council vetoes

have constrained UN action on major conflicts. The
result is a more transactional order characterized by
selective interdependence, contested agreements,
and thinner trust in multilateral guarantees.

Our geopolitics considerations in this forecast focus
on the ways states and regions leverage resources,
infrastructure, and technologies to advance national
security, economic interests, and influence within

the global energy system. To determine the effect of
geopolitics on the energy transition and reflect the
changing geopolitical landscape, we included and
updated critical factors such as GDP development,
added costs for energy security, the expense of
reshoring manufacturing, and a reduction in trade.
We evaluate the tension between the push for energy
independence (which often favours renewables) and
the push for homegrown clean technology supply
chains that threatens to raise costs and further fragment
global collaboration and trade. Recent policy decisions
and sentiments have shifted in key economies (see
Section 1.2 for more details).

We explore the tension between the push
for domestic renewables and the expense of

homegrown clean tech supply chains.

FINANCE EMISSIONS REGIONS ETO MODEL

DNV Energy Transition Outlook 2025
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The net effect of today's geopolitics is a transition
driven by a ‘security-first’ mindset. We observe
continued deployment momentum in sectors where
costs are lowest (solar, storage, onshore wind) and
displace fossil imports, and where energy sources
align with security (such as nuclear extensions and
newbuilds). In these areas, global progress continues
and the transition is hardly slowing compared with
last year's forecast. While the US policy pivot does
create a transition setback in North America, the
impact on the global transition is marginal. In fact,
the net effect of energy security-driven prioriti-
zation of national energy sources is slightly lower
global emissions over the long term. However, this
upside is not sufficient to achieve climate goals (see
Chapter 8 for more details). Our ‘most likely’ future
sees net-zero emissions only achieved in the 2090s,
and we expect global temperatures to reach around
2.2°C above the pre-industrial average by the end of
the century.

The net effect of energy security-driven
prioritization of national energy sources is

slightly lower emissions in the long term.

ELECTRIFICATION
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Incorporating geopolitical trends into
the forecast

The geopolitical changes and energy security situation
have a direct impact on the energy transition and our
modelling. We have incorporated a modest restruc-
turing of the global economy, with geopolitically-
driven economic security considerations reflected

in technology development and reshoring manufac-
turing, and a modest change in the future demand
for global trade.

Restructuring of the global economy

— GDP per capita

Given today’s geopolitical uncertainty, we depart
from a ‘business as usual’ economic forecast for GDP
per capita growth. For short-term projections, we
use the IMF's weaker economic outlook (IMF, 2025).
Long term, we draw on GDP data from OECD

and the International Institute for Applied Systems
Analysis (IIASA), which point to a slower economic
trajectory that reflects a world where economic
nationalism, weak institutions, and lack of coordination
cause economic stagnation and deepening global
inequality (see Chapter 10 for more details and refer-
ences on GDP). Broadly speaking, nations are likely
to prioritize security and self-sufficiency over global
trade and sustainability. Economic development

and industrial sector shifts are thus slower and more
uneven, especially in poorer countries.

Prioritizing domestic sources for energy security
Governments are increasingly prioritizing domestic
energy sources to reduce import dependence,

POLICY
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build immunity to supply disruptions, and mitigate
the risk of energy being used as a geopolitical
weapon. This shift means that energy resources may
be penalized or deprioritized despite favourable
short-term economics, with choices shaped by
domestic resource availability, technological
capacity, and workforce skills. Energy security
considerations, especially in the power sector, can
thus support both low-carbon and fossil options:
Europe, for example, leans toward nuclear and
renewables; China favours renewables, nuclear, and
coal: and North America, at least for now, wants to
boost oil and gas output. Our power model reflects
these dynamics by incorporating regional policy
support levels that capture both current priorities
and likely future trends.

Technology deployment and reshoring

of manufacturing

Our assessment of nuclear deployment assumes
that adoption and use are ‘bloc constrained’. North
America, Europe, Japan, and South Korea will not
adopt nuclear from Russia or China, and vice versa,
while we assume that other regions will source evenly
from both blocs. This constraint diminishes learning
curve effects in future cost trajectories and shapes
developments and costs in supply chains for spare
parts and fuel.

For the largest import markets of green technology
in Europe and North America, recent policy decisions
like tariffs, domestic content rules, state aid, and
credit refunds tied to local production are boosting
alternative supply chains, such as local solar panel

DNV Energy Transition Outlook 2025

production, but success remains fragile. Our model
represents reshoring of energy technology manu-
facturing as a reduction in learning rates of between
10% and 40% for solar, wind (onshore and offshore),
and Li-ion batteries in Europe and North America.
This reflects both scale and experience disadvantages.
Thus, we see learning rates decline as the industry
builds up, with the cost impact starting from 2024,
peaking in 2030, and then gradually returning to
global averages by 2045. While these measures
create temporary regional cost pressures, their effect
on global technology costs and the overall trajectory
of the energy transition remains marginal.

Demand for maritime trade

Recent conflicts, like the war in Ukraine and Houthi
attacks, have disrupted trade patterns, leading to
increased shipping distances, for example, Russian
oil and the re-routing of shipping lines to avoid

the Red Sea. An additional uncertainty for global
maritime trade has now arisen in the form of the
expansion of trade tariffs by the US, which further
fuels the trend towards re-/friend-shoring and
supplier diversification. To reflect this shift in
uncertainty and changes in supply chains, we have
implemented a slight reduction in container, bulk,
and other cargo trade, starting in 2025 that results in
a global 5 to 10% overall reduction of trade in these
segments by 2040.

1"
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1.2 POLICY DEBRIEF

Political uncertainty in the current geopolitical environment is a pressing challenge for

the transition. Despite 2025 marking the 10th anniversary of the Paris Agreement, climate
action is no longer a top priority for many governments and clean energy still progresses
unevenly across regions and sectors. While annual investments in renewable power and
related electro technology continues to rise, energy and climate policies are now closely
tied to strategies for future-proofing both energy sectors and regions against geopolitical
risks. In the pursuit of economic sovereignty, many countries are slowing imports to protect
domestic industries, making their transitions more complex and expensive.

DNV observes five key trends framing policy groups of nations and corporations cooperating
and the transition in 2025: through focused initiatives to tailor solutions to
specific shared challenges (Mladenov, 2023).
1. Flux in the rules-based, liberal international order Club-based approaches (Budak, 2025) — like
is creating economic and policy uncertainty. the Climate Club for industrial decarbonization,
Amid rising geopolitical tension and superpower the Carbon Management Challenge to advance
rivalry, free trade can no longer be reasonably CCS, and the Green Shipping Corridor and
expected. This results in global market segmen- Zero Emission Maritime Buyers Alliance — drive
tation. Trade risks, such as tariff escalations, collective action to develop bespoke solutions
export and investment controls, and prohibitions and generate deployment momentum.
in rules of origin, are forcing a rethink of materials
and cleantech supply chain strategies. Trade 3. The pursuit of local benefits and domestic
route disruption is contributing to volatility in cleantech industry has strong political staying
commodity prices and raising concerns about the power, driven by national security, economic
security of supply for fossil fuel importers. resilience, and the desire to reduce reliance on
global supply chains. Industrial policy with local
2. New modes of climate collaboration are content and localization rules aims to capture
emerging as global cooperation stumbles. more value domestically, but adds complexity
‘Minilateralism’, for example, involves smaller to energy projects. Policymakers must balance

FINANCE EMISSIONS REGIONS ETO MODEL

these goals with affordability for households
and business competitiveness. Ensuring fair
distribution of both benefits and burdens across
communities and the economy is essential for
public support and policy success (Chapter 6).

. Tension and conflicts, where energy infrastructure

is increasingly targeted, are driving up military
spending and diverting public funds away from
environmental policy, aid, and GHG emissions
reduction (CEOBS, 2025). Military expenditures,
increasing in all world regions, rose by over 9% in
2024 to reach USD 2.7trn, the steepest year-on-year
rise since the end of the cold war (SIPRI, 2025).

. The consequences of global warming continue to

put pressure on governments to prioritize climate
action. 2024 was the second consecutive hottest
year on record, and the first to exceed 1.5°C
above the pre-industrial average (WMO, 2025a).
Climate-related disasters are causing massive
losses, with Swiss Re estimating insured damages
at USD 145bn in 2025, up 6% from 2024 (Munich
Re, 2025; Swiss Re, 2025). The recent International
Court of Justice opinion on state responsibilities
to prevent climate harm suggests that legal risks
will be rising (ICJ, 2025).

DNV Energy Transition Outlook 2025
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Key policy developments in select ETO regions

Key global and regional
developments

Greater China @ Indian Subcontinent

Key global developments

&

At COP29 in Baku, countries agreed to

triple climate finance from developed

to developing countries, setting a New
Collective Quantified Goal (NCQG) of USD
300bn annually by 2035. Access to finance
to catalyse clean energy investments and
climate adaptation, especially in low-income
regions, underpins new nationally determined
contributions (NDCs) to 2035. However, a

7% drop in international aid in 2024 (OECD,
2025), including cuts to USAID’s Power Africa,
threatens progress and energy finance.

The International Maritime Organization
advanced its 2023 GHG Strategy with a
Net-Zero Framework approved at MEPC 83
in April 2025, set for adoption in October
and effective from 2028. Targeting ships over
5,000 Gt, the framework aims for net-zero
emissions by 2050. It introduces a technology-
neutral approach, including a well-to-wake
fuel standard (GHG fuel intensity and
reduction requirement) and carbon pricing.
Revenue will fund a Climate Fund for green
technologies and fuels (IMO, 2025; DNV, 2025).

Strives to balance industrial
competitiveness and climate action

The EU Commission proposed a 90%
GHG reduction target by 2040 that
includes flexibility — up to 3% via inter-
national credits from 2036 and domestic
removals integrated into the EU ETS

(EC, 2025a). However, reservations from
major member states and parliament
have delayed decision making and the
EU's joint updated nationally determined
contribution (Genovese, 2025).

Building on the Letta and Draghi reports,
the EU launched the Clean Industrial Deal
(Feb 2025) to align industrial policy with
the Net-Zero Industry Act and strengthen
domestic cleantech industry; and the
Automotive Industrial Action Plan (March
2025) which backs battery manufacturing,
trade defence, and cybersecurity (EC,
2025b). The Clean Industrial Deal State
Aid Framework (June 2025) allows public
support in line with cleantech, energy,
and decarbonization objectives, including
electricity price relief for energy-intensive
industries (EC, 2025c).

The Omnibus package streamlines
regulation, easing the Carbon Border
Adjustment Mechanism rules, but still
covers 99% of emissions from key sectors
(EC, 2025d).

Pivot in US energy policy is slowing the
region’s transition and increasing emissions

The US has exited the Paris Agreement,
instead prioritizing fossil-fuel expansion,
and has rolled back environmental rules,
including those related to vehicle emissions,
industrial standards, and power plant
air-pollution control (EPA, 2025). Executive
orders now require fossil-fuelled power
plants slated for closure to remain operational
and revoke state-level climate laws (White
House, 2025; Forbes, 2025). 24 US states in
the US Climate Alliance remain committed
to climate goals (Segal, 2025).

The One Big Beautiful Bill Act modifies and/
or repeals several Inflation Reduction Act
(IRA) tax credits, including those for clean
energy, EVs, home energy efficiency, and
clean hydrogen. The bill ties credit eligibility
to construction start dates and materials
and rescinds unspent funds from the
Department of Energy’s loan programmes.

Canada largely shows continuity in climate
and low-carbon energy policy. Its new

NDC targets a 45 to 50% GHG reduction
below 2005 levels by 2035 (Government of
Canada, 2025) and deepens ties with the EU
(PM of Canda, 2025) on energy, minerals,
and global challenges.

Poised for decarbonization leadership but
coal power capacity additions continue

© China reaffirmed its Paris Agreement
commitment and maintains momentum
on climate action. Its updated NDCs will
cover all economic sectors and all GHGs
(Government of China, 2025a). September
24. 2025, President Xi Jinping announced
a 7 to 10% reduction by 2035 from peak
levels (China Daily, 2025).

@ Carbon pricing expands to align with the
country’s dual carbon targets (Government
of China, 2025b) to include steel, cement,
and aluminium smelting industries in the
national ETS by 2025, and all industries and
aviation by 2027 (MEE, 2025; Qin, 2025).

@ The continued growth in coal power
buildout in 2024 (CREA, 2025) underscores
coal’s role in energy security, but creates
uncertainty in coal phase down goals (15th
Five-Year Plan) and seemingly contradicts
the government’s stated goal to curb coal
use during the 14th Five-Year Plan.

© Chinais shifting cleantech exports to
emerging markets, rising to 43% in 2024
(Mooney et al., 2025). The Belt and Road
Initiative is boosting renewable and
fossil-fuel engagements (Nedopil, 2025).

Embarks on industrial decarbonization and
growing cleantech manufacturing

India, the region’s largest economy, plans

a carbon capture mission (Anand, 2024),
and its 2026 Carbon Credit Trading Scheme
aims for emission intensity reduction in nine
industrial sectors.

The Union Budget 2025-26 launches the
National Manufacturing Mission to boost
domestic cleantech and seemingly reduce
technology import dependence on China
(Government of India, 2025). Energy transition
investment rose 13% to USD 47bn in 2024
(BNEF, 2025).

The Union Budget 2025-26 includes a 100
GW of nuclear capacity target by 2047 for
energy independence.

Further details
on the Outlook's
ten world regions
are available

C here
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1.3 OTHER ENERGY TRENDS

Falling technology costs, new consumers
and producers, Al, and global warming
records are just some of the other macro
trends that have influenced the energy
industry over the last 12 months.

Technology cost declines

China’s systematic pursuit of mining and processing
critical metals and minerals has granted them domi-
nance over global supply chains and the ability to
weaponize rare earths at will. In addition, China
continues to drive cost advantages through industri-
alization, mass production, and concessional finance
and real estate. Ever-cheaper Chinese technologies
are available all over the world and, absent tariffs
and other trade barriers, make solar PV, onshore
wind, and EVs ever more competitive. Solar and
wind are already the least expensive form of new
electricity in most parts of the world, and EV sales,
now approaching one fifth of passenger vehicle
sales globally, are increasingly competitive with
combustion vehicles.

However, these plunging costs are limited to solar,
onshore wind, and batteries. In traditional energy
industries (e.g. oil and gas), Al might have a significant

ELECTRIFICATION
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potential to reduce exploration, production, and
logistics costs, but increases in supply may result

in a net negative for prices. In less mature technol-
ogies like offshore wind, hydrogen, nuclear small
modular reactors (SMR), and CCS, cost reductions
over the last year have not matched those in solar
and batteries. Despite its relatively high costs, there
is increased focus on nuclear because it can offer
energy security and may have a role in powering
data centres.

New producers and consumers

Behind-the-meter (BTM) solar PV generation is
growing rapidly, both on rooftops and industrial sites,
making prosumers important players in the power
system. The growth of BTM with solar+storage is even
more rapid, enabling households and businesses to
capture surplus solar production, avoid curtailment,
and shift consumption to periods when grid electricity
prices are higher. Presently, about one third of all solar
installed globally is BTM.

We describe our modelling on BTM in detail in
Chapter 3 where we also deep dive into Al and
data centres, which are attracting attention on the
demand side of the energy equation.

Although net growth in data centre energy demand
globally is smaller than growth in cooling and EV
charging, it is bigger and more headline-grabbing

in North Ameri