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Learning curves effect   
The cost of a technology decreases by a fraction with every 
doubling of capacity. Ongoing market deployment brings 
greater experience, industrial efficiencies, and further R&D.

The cost of solar panels has been declining by 26% for 
every doubling of global cumulative capacity additions. 
We expect this to reduce to 17% by 2050. The cost learning 
rate (CLR) is 16% for wind turbines and 19% for Li-ion 
batteries and will continue at these rates. Apart from these 
core technologies, total investment costs include the costs 
of supporting infrastructure, installation kits, labour, legal 
fees, etc, which all have a lower CLR. Including these other 
cost components, we forecast global average of the total 
investment cost of relatively mature renewable technolo-
gies like solar PV and onshore wind to decline 11% for 
every doubling of global cumulative capacity additions 
until 2030. For newer technologies like solar PV + storage 
and floating offshore wind, the learning rates are higher. 
Towards 2050, CLRs will decline as non-technology costs 
start to constitute a higher share of the total investment cost. 

The decline in investment cost only partially explains why 
technologies like solar and wind experience a massive 
uptake. Improvements in design and operation of power 
plants allow higher capacity factors, ensuring more energy 
is produced over the year per kilowatt of capacity. 

Policy   
Energy policy has never been under so bright a spotlight 
as at present – in the wake of the publication of the IPCC’s 
alarming AR6 report, in the build-up to the delayed 
COP26, and amid analyses of the disappointing impacts 
of COVID-19 recovery spending on the energy transition.

Through our work with governments, academia, and 
international bodies, DNV keeps close tabs on policies 
that impact the energy transition at national, regional, and 
global levels. We constantly analyse a wide range of 
topics – such as climate goals, air quality, health, job 
creation, and energy security.

An overview of the policy factors explicitly factored into 
our forecast can be found on page 35. 

In our model, country-level data are translated into 
expected policy impacts, then weighted and aggregated 
to produce regional figures for inclusion in our analysis. 
Examples include explicit regional carbon prices, support 
for renewable energy and EVs, and fossil fuel taxation in 
relation to air pollution and climate concerns. Several 
countries – Chile being an outstanding example – are 
gearing up programmes to support the acceleration of 
green hydrogen.
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MODEL DESCRIPTION
Figure 29 below presents the ETO model framework.  
The arrows in the diagram show information flows, 
starting with population and GDP per person, while 
physical flows are in the opposite direction. Policy 

influences all aspects of the energy system. Energy- 
efficiency improvements in extraction, conversion  
and end-use are a cornerstone of the transition. 

 

FIGURE 29

ETO model framework

ENERGY SECTOR’S 
OWN USE

POWER GENERATION

HYDROGEN

OIL REFINERIES

 Electricity
 Direct heat

Energy  
transformation

OTHER

 Road
 Maritime
 Aviation
 Rail

Pipelines

 Residential
 Commercial

 Manufactured 
 goods

 Base materials
 Iron and steel
 Construction 

and mining

 

Feedstock

TRANSPORT

Final energy 
demand

BUILDINGS

MANUFACTURING

NON-ENERGY

 Solar
 Wind
 Hydropower
 Nuclear

 Bioenergy
 Geothermal

 Crude oil
 Natural gas
 Coal

Primary  
energy supply

FOSSIL FUEL 
EXTRACTION

 

 

 

Source of 
demand

TRANSPORT

BUILDINGS

POPULATION

GDP PER 
PERSON

POLICY

DIRECT USE

ENERGY EFFICIENCY

Space heating 
& cooling, 
water heating, 
cooking, and 
appliances & 
lighting

Measured in 
tonne-miles, 
passenger-  
kilometres and 
vehicles

 
 

MANUFACTURING

Production output 
measured as 
Manufacturing 
Value Added



35

Executive summary

Our approach  
In contrast to scenario-based outlooks, we present a 
single ‘best estimate’ forecast of the energy future, 
with sensitivities in relation to our main conclusions.

Our model simulates the interactions over time of the 
consumers of energy (transport, buildings, manufac-

turing, and so on) and all sources of supply over time.  
It encompasses demand and supply of energy globally, 
and the use and exchange of energy between and within 
ten world regions. The analysis covers the period 
1980-2050, with changes unfolding on a multi-year 
scale that in some cases is fine-tuned to reflect hourly 
dynamics. 

Policy 
Policy influences all aspects of the energy system,  
and Figure 30 gives a snapshot of the policy factors 
incorporated into our forecast. Policy considerations 
influence our forecast in three main areas:

a.)	 Supporting technology developments and activat-
ing markets that close the profitability gap for 
renewable-energy technologies competing with 
existing technologies

b.)	Restricting the use of inefficient or polluting 
products/technologies by means of technology 
requirements or standards, or;

c.)	 Providing economic signals, for example a price 
incentive, to reduce carbon-intensive behaviours

Country-level data are translated into expected policy 
impacts, which are weighted and aggregated to 
produce regional figures, and ultimately a global 
impact, for inclusion in our analysis.

Our best estimate, 
not the future we want A single forecast, not scenarios

Long term dynamics,
not short-term imbalances

Continued development 
of proven technology, not 
uncertain breakthroughs

Main policy trends included; 
caution on untested 
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to a changing environment
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Energy transition outlook
Our main publication details our model-based forecast of 
the world’s energy system through to 2050. It gives our 
independent view of the most likely trajectory of the 
coming energy transition, and covers:

	— The global energy demand for transport, buildings, 
and manufacturing

	— The changing energy supply mix, energy efficiency, 
and expenditures

	— Detailed energy outlooks for 10 world regions 
	— The climate implications of our forecast.

We also provide details of our model and main assump-
tions (i.e., population, GDP, technology costs and govern-
ment policy). Our 2021 Outlook explores, inter alia, the 
impact of COVID-19 and the growing importance of 
hydrogen as an energy carrier. 

Technology progress report
We explore how key energy transition technologies will 
develop, compete, and interact in the coming 5 years.  
The ten technologies are:

	— Energy production: floating wind, solar PV, and waste 
to fuel and feedstock

	— Energy transport, storage, and distribution: pipelines 
for low-carbon gas; meshed HVDC grids, new battery 
technology

	— Energy conversion and use: novel shipping technolo-
gies, EVs and grid integration, green hydrogen 
production, CCS. 

We attempt to strike a balance between technical details 
and issues of safety, efficiency, cost, and competitiveness. 
The interdependencies and linkages between the 
technologies are a particular area of focus. 

ENERGY TRANSITION OUTLOOK 2021 REPORTS OVERVIEW
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Financing the energy transition
Focuses on the financial opportunities and challenges  
for financiers, policymakers, developers, and energy 
companies:

	— An affordable transition – considering whether a 
Paris-compliant transition is affordable, and what may 
be needed to mobilize and redirect capital

	— Accelerating the transition – examining the role of 
financial markets, policy, and regulation, and how to 
get capital to flow to where it can have the most impact 
on emissions

	— Ensuring a just transition – exploring the importance 
of balancing sustainability priorities, ensuring co- 
benefits, and building climate resilience.

The report combines DNV’s independent energy 
forecast to 2050 with views from a diverse set of leaders 
in the energy and finance sectors.

Maritime forecast
The Maritime Forecast to 2050 offers shipowners  
practical advice and solutions as shipping’s carbon 
reduction trajectories rapidly head towards zero. 

	— DNV’s new carbon risk framework allows detailed 
assessments of fuel flexibility and Fuel Ready solutions, 
the economic robustness of fuel and energy efficiency 
strategies, and their impact on vessel design.

	— Decarbonization is leading to increased regulatory 
requirements, new cargo-owner and consumer 
expectations, and more rigorous demands from 
investors and institutions.

	— Investments in energy and fuel production will be 
essential to shipping’s efforts to decarbonize.

This is the grand challenge for the maritime industry. But 
by working together as an industry, embracing fuel 
flexibility, and consulting with expert partners, shipping 
can reach its destination.
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PATHWAY TO NET ZERO EMISSIONS

This year, ahead of COP 26, we are releasing 
a new companion report to our main 
Energy Transition Outlook 2021. As outlined 
in the Paris Agreement, and confirmed in 
the IPCC AR6 WG1 report released in 
August 2021, there is a dire need for 
urgent, prioritized action tackling energy- 
related emissions. 

Our new report plots a pathway for how to 
close the gap between our forecast and net 
zero CO2 emissions by 2050 – i.e. actions 
that are likely to limit global temperature 
increase to 1.5˚C by end of this century.  
The report covers all energy sectors – 
including hard-to-abate sectors like aviation, 
maritime and cement – and each of the ten 
global regions in our Energy Transition 
Outlook. We look at which technologies will 
contribute to the required change and the 
policies needed to achieve that. 

All the forecast data in DNV’s suite of 
Energy Transition Outlook reports, and 
further detail from our model, is accessible 
on Veracity – DNV’s secure industry data 
platform.

eto.dnv.com/forecast-data

Download our forecast data

http://eto.dnv.com/forecast-data
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ETO TEAM AND CONTACT

DNV core team
Steering committee 
Remi Eriksen, Ditlev Engel, Ulrike Haugen,  
Trond Hodne, Liv Hovem

Project director 

Sverre Alvik, sverre.alvik@dnv.com

Modelling responsible  
Onur Özgün

Core modelling- and research team and contributing 
authors  
Bent Erik Bakken, Gudmund Bartnes, Thomas Horschig, 
Anne Louise Koefoed, Erica McConnell, Mats Rinaldo, 
Sujeetha Selvakkumaran, Adrien Zambon,  
Roel Jouke Zwart

Communication responsible and editor 
Mark Irvine, mark.irvine@dnv.com

Energy Systems project manager 
Jeremy Parkes

Maritime project manager 
Linda Sigrid Hammer  
 

Our external collaboration network for our 2021 
Outlook includes:
Harald Magnus Andreassen (Sparebank 1 Markets), 
Valentin Batteiger (Bauhaus Luftfahrt), Kingsmill Bond 
(Carbon Tracker), Sunil Gupta (Vena Energy), Gørild  
Heggelund (Fridtjof Nansen Institute), Robert Hornung 
(Canadian Renewable Energy Association), Steffen 
Kallbekken (CICERO), Francisco S. Laverón (Iberdrola),  
Yang Lei (Institute of Energy, Peking University), Wolfgang 
Lutz (Wittgenstein Centre for Demography and Global 
Human Capital), Jinglong Ma (APEC Sustainability 
Center), Tom Moultrie  (University of Cape Town), 
Susanne Nordbakke (Transportøkonomisk Institutt, TØI),  
Glen Peters (CICERO), Sergei P. Popov (Melentiev Energy 
Systems Institute), Thina Margrethe Saltvedt (Nordea),  
Jon Birger Skjærseth (Fridtjof Nansen Institute), Marco 
Tagliabue (Oslo Met University), Mena Testa (Enel Global 
Infrastructure and Networks), Kevin Tu (Agora Energie-
wende China), Jørgen Wettestad (Fridtjof Nansen Insti-
tute), Yongping Zhai (Tencent / ADB)

Historical data 
This work is partly based on the World Energy Balances 
database developed by the International Energy Agency 
© OECD/IEA 2020, but the resulting work has been 
prepared by DNV and does not necessarily reflect the 
views of the International Energy Agency.

For energy-related charts, historical (up to and including 
2018) numerical data is mainly based on IEA data from 
World Energy Balances © OECD/ IEA 2020, www.iea.org/
statistics, License: www.iea. org/t&c; as modified by DNV.

This report has been prepared by DNV as a cross- 
disciplinary exercise between the DNV Group and two  
of our business areas – Energy Systems and Maritime 
– across 15 countries. The core model development and 
research has been conducted by a dedicated team in 

our Energy Transition research programme, part of the 
Group Development and Research unit, based in Oslo, 
Norway. In addition, we have been greatly assisted by 
the external Energy Transition Outlook Collaboration 
Network. 
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