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FOREWORD
On 26 January 2017, the government decided on a Swedish aviation strategy 
(N2017/00590/MRT) that set a priority to reduce the environmental and 
climate impact of aviation. The government decided that same year to 
earmark 100 million kronor for this purpose in its autumn budget, and 
in spring 2018 the Swedish Energy Agency was mandated to create a 
programme to “promote sustainable biofuels for aviation”. This mandate 
included the creation of an innovation cluster that would “bring together 
the entire value chain and develop a common needs analysis in order to 
achieve the transition to sustainable aviation”. 

In autumn 2018, the project Fossil-Free Air 
Transport 2045 (FFT 2045) was founded by SAS, 
Swedavia and RISE with the aim to “establish 
and operate an innovation cluster that will 
manage the process and coordinate value chain 
stakeholders, from wood to wing, in order to 
manage the transition to sustainable aviation. The 
cluster will help Sweden’s air transport achieve 
independence from fossil fuels by 2045 and 
help it become a leading global aviation biofuel 
region.” 

During the mandate period, the cluster changed 
its name from Fossil-Free Air Transport 2045 
to Fossil-Free Aviation 2045 in order to further 
demonstrate that the efforts are linked to the 
roadmap collectively developed by the industry 
within the framework of Fossil-Free Sweden. The 
roadmap and the innovation cluster share the 
goal for all domestic flights to end their use of 
fossil fuels by 2030 and for all flights that take off 
from Swedish airports to do so by 2045. 

The innovation cluster as a project ends on 31 
December 2020. One of the cluster’s key tasks 

has been to determine how Fossil-Free Aviation 
2045 will live on even after the project ends. 
To guide this task, the industry together with 
research organisations created decision-making 
input around shared values and messaging that 
addresses how Sweden will transition towards 
sustainable aviation. On 15 September 2020, the 
government announced that it was “extending the 
Swedish Energy Agency’s ongoing mandate to 
promote research on sustainable aviation biofuels 
and to work on creating an innovation cluster for 
fossil-fuel-independent air transport by 2045. In 
addition, the initiative is broadened to include the 
development of electric-powered aircraft.” This 
was gratifying news, as well as a confirmation 
that our work has thus far proven to be both 
successful and appreciated. 

The report you hold in your hand has been 
produced by stakeholders from across the 
aviation ecosystem, and will serve as input for the 
cluster’s further efforts. We certainly have come a 
long way. We now agree on the obstacles we are 
facing and what needs to be done to transition 
towards sustainable aviation by 2045, broken 
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down into the time ranges 2020–2025, 2025–
2035 and 2035–2045. We would like to thank all 
of you who took an active role in helping us gain 
a clearer picture of the actions we need to take 
to achieve our common goal. This commitment 
has not only been aimed at determining what 
others should do, but lively discussions have 
taken place about how each stakeholder and 
their organisations can do their part to achieve 
the goals. In such contexts, the need and the 
incentive for Fossil-Free Aviation 2045 to continue 
– and continue making a difference – have often 
been highlighted. Or, as expressed in point 10 
under “Specific needs and recommendations” 
in this report, “Further development of Fossil-
Free Aviation 2045, a long-term, independent 
collaboration platform that brings together actors 
from across the sustainable aviation ecosystem, 
with a focus on creating a more streamlined 
dialogue and exchange with politicians and 
stakeholders from other industries.” 

We are pleased with the results, both in the 
cluster and in this report, and remain more 
convinced than ever that we are together building 
the sustainable aviation industry of the future. 
This conviction galvanizes us into taking action 
to address the special challenge we face with 
regards to aviation, and gives us the courage to 
take the lead and thus inspire other countries to 
follow suit. This approach is essential, not least 
in an industry such as aviation, which is both run 
and operates globally. In the work ahead, we see 

opportunities to draw lessons from developments 
in biofuels for road transport, in terms of raw 
materials, co-production, interaction with other 
industries, harmonised sustainability criteria, 
production technologies, funding and policy 
instruments.

Again, we wish to thank each of you who 
took part in this project for your commitment. 
We hope you will join us in the next phase of 
Fossil-Free Aviation 2045, a phase in which we 
will strengthen our independence from fossil 
fuels from both a technical and a commercial 
perspective. With Fossil-Free Aviation 2045, 
we intend to provide a national platform that 
operates in synergy with successfully established 
research and innovation environments and that 
enables us to continue pursuing a sustainable 
Swedish aviation industry ahead of 2045. 

 

Maria Fiskerud,
Cluster leader for Fossil-Free Aviation 2045,  
RISE

Lena Wennberg, 
Founder, Fossil-Free Aviation 2045,  
Swedavia

Lars Andersen Resare, 
Founder, Fossil-Free Aviation 2045,  
SAS
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CONCLUSIONS AND 
RECOMMENDATIONS
The following points summarise the general conclusions of the project participants 
based on their work. The conclusions reflect the teams’ collective view of needs, 
prerequisites, perceptions and positions in relation to the set goals. 

GENERAL CONCLUSIONS
The following points summarise the general conclusions 
of the project participants based on their work. The 
conclusions reflect the teams’ collective view of needs, 
prerequisites, perceptions and positions in relation to the 
set goals. 
1.  Because the participants operate in a competitive 

market, both adaptability and success are 
conditioned upon opportunities for growth, long-
term profitability and competitiveness. Long-term 
efforts to end fossil-fuel use therefore completely 
rely on rapid, targeted and unambiguous policy 
decisions that support aviation and its auxiliary 
industries in countering the serious and far-reaching 
effects of the coronavirus crisis. 

2.  An early and successful transformation of the 
aviation industry will promote Sweden’s ability to 
take the lead and show the way as the world’s first 
fossil-free social welfare nation. A confluence of 
unique circumstances in Sweden, such as access 
to green electricity, sustainable biofeedstock 
and relatively empty airspace, enable the testing, 
evaluation and implementation of more sustainable 
aviation solutions. Significant long-term, consistent 
policy-backed support for aviation’s transformation 
is needed to achieve this. 

3.  Strictly and clearly defined sustainability criteria 
and a holistic approach should guide technological 
development. This requires consensus around 
how to measure sustainability, steadily rising levels 
of ambition according to the technological and 
economic conditions within each time period, and 
anchoring at the highest political level.

4.  Ending our dependence on fossil fuels requires 
different technical solutions, as well as research 
and development assistance corresponding to 
the readiness levels, development timelines and 
long-term potential of the different technologies.

5.  A rapidly accelerated pace in energy efficiency 
efforts is essential for the optimal implementation of 
all other measures.

6.  Fossil-fuel independence entails different degrees 
of infrastructure changes at airports depending 
on the technology solution, and it requires better 
multimodal integration with other modes of 
transport. For this to take place, aviation must be 
regarded as a necessary type of infrastructure by 
politicians, businesses and society at large.

7.  Achieving these goals requires a variety of changes 
in the way business is conducted, such as new 
business relationships in the industry, close 
coordination of measures with other industries, and 
the presence of new entrants.
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SPECIFIC NEEDS AND 
RECOMMENDATIONS  
To enable the actions needed to achieve the set goals, 
the participants have identified the following specific 
needs as well as recommendations for policymakers and 
other stakeholders.
1.  Exploring opportunities to introduce national sub-

quotas for domestic raw materials with a high level 
of sustainability in accordance with point 6.

2.  The introduction of a common greenhouse gas 
(GHG) reduction mandate in the Nordic countries 
and involvement in preparations at EU level, for 
example within the framework of RED II, after 
commercialisation incentives have been created.

3.  A more proactive approach in EU-wide policy efforts, 
programmes for co-funding EU projects and comfort 
letters for applications (from, for example, the 
Swedish Energy Agency) in order to obtain a larger 
share of EU funding and create better conditions for 
Swedish actors.

4.  Mechanisms to facilitate funding of construction 
costs and to protect against price volatility, such as 
government loan guarantees for offtake agreements 
and contracts for difference (CFD).

5.  Neutrality in public procurement and travel policies 
concerning transport modes, based on widely 
accepted sustainability criteria.

6.  International harmonisation, recognition and 
acceptance of sustainability criteria and emission 
factors.

7.  Public infrastructure investments at airports. 
Examples: including aviation in future infrastructure 
proposals and promoting multimodal transport 
solutions in the new national plan for the transport 
system.  

8.  Clear strategies for electric- and hydrogen-powered 
aircraft, and securing operational regulations and 
processes for new types of aircraft.

9.  Funding for certifying various technology tracks 
in order to accelerate the market introduction of 
promising technologies for eliminating fossil fuel use. 
For example, the Swedish Energy Agency could 
establish a certification programme and initiate 
closer cooperation with ASTM.

10.  Further development of Fossil-Free Aviation 2045, a 
long-term, independent collaboration platform that 
brings together actors from across the sustainable 
aviation ecosystem, with a focus on creating a more 
streamlined dialogue and exchange with politicians 
and stakeholders from other industries.

11.  Exploring and promoting a willingness to pay for 
sustainable travel solutions, through communication 
and research efforts, for example, through a greater 
focus from strategic research programmes and 
innovation programmes on knowledge-building 
around the behaviour and needs of the transport 
market’s end customers. 

CONCLUSIONS AND RECOMMENDATIONS 
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BACKGROUND  
Fossil-Free Aviation 2045 is an initiative founded by SAS and Swedavia, with RISE as 
the implementing project organisation. The cluster is a two-year project (2019–2020) 
funded by the Swedish Energy Agency.

Fossil-Free Aviation 2045 aims to create a long-
term national platform that brings together aviation 
stakeholders and acts in synergy with successful existing 
research and innovation environments. The initiative will 
help achieve the overarching goals agreed on by the 
Swedish aviation industry: that domestic aviation ends 
its reliance on fossil fuels by 2030 and that by 2045 no 
flights taking off from Swedish airports will use fossil fuels. 
We take an approach to our work that is open, inclusive 
and strives for equitable participation. The cluster drives 
innovation using a process-oriented approach, which 
creates value by actively involving stakeholders around 
fossil-fuel-free aviation. The Fossil-Free Aviation 2045 
cluster will enable effective knowledge dissemination 
among stakeholders, sectors and regions, and will 
become a hub for worldwide collaboration that increases 
the potential for exporting knowledge as well as hardware 
for an aviation industry weaned off of fossil fuels.

A foresight analysis is being developed as a subproject 
of Fossil-Free Aviation 2045. The purpose of conducting 
this analysis is twofold. It aims to create synergies 
together with aviation actors and stakeholders, and to 
conduct activities which, combined with other analytical 
efforts, will result in a final joint report submitted to the 
project funder. The main purposes of the final report 
are to describe the actions that participants deem 
are needed during 2020–2045 to end the aviation 
industry’s dependence on fossil fuels, to convey the 

obstacles standing in the way of action, and to make 
recommendations to those who can remove these 
obstacles, mainly in terms of policy.

PARTICIPANTS IN THE FORESIGHT 
ANALYSIS
The foresight analysis was conducted in cooperation 
and collaboration with stakeholders from the aviation 
industry and its related industries in Sweden. Since a 
complete transition away from fossil fuels is a highly 
complex challenge for an industry like aviation, we chose 
to invite a broader group of stakeholders to collaborate 
than those who traditionally make up the industry’s value 
chain. We view these groups as an ecosystem that can 
take collective action to enable fossil-fuel-free aviation in 
Sweden. 

Participation in trend and scenario analyses
For the initial parts of the foresight analysis (trend 
analysis, scenario analysis), participation was 
requested through an open invitation, and a broad 
group of companies and organisations took part in 
workshops and other activities. These initial parts are 
described below, and the participating companies and 
organisations are listed in their respective reports. 

Participation in roadmapping
During the roadmapping process, we gathered a fixed 
number of participants into a core group that participated 
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throughout the process. Their results are presented 
in this final report. The core group participants and 
their respective competencies represent the aviation 
ecosystem described above. 

Participants in the core group:
Lena Wennberg, Sustainability and Environmental 
Manager, Swedavia
Lars Andersen Resare, Head of Environment  
and CSR, SAS
Maria Fiskerud, Cluster leader FFT2045, RISE
(the rest are listed in alphabetical order)
Stina Algotsson, CEO, R&D Fund of the Swedish Tourism 
& Hospitality Industry (BFUF)
Mauritz Andersson, researcher, Department of Electrical 
Engineering, Uppsala University
Ylwa Alwarsdotter, Executive Vice President Business 
Development, SEKAB
Carina Bergqvist, Brand Manager and PR, KLM
Henrik Brodin, Strategic Business Development 
Manager, Södra
Anton Fagerström, Project Manager, IVL
David Hild, CEO, Fly Green Fund
Christian Janssen, Director Business Development, ST1
Massound Javaheri, Head of Commercial Deployment 
Renewable Aviation, Neste
Per-Arne Karlsson, Director Renewable Energy, ST1
Henrik Littorin, consultant, Heart Aerospace
Jannike Ludvigsson, Environmental Strategist, Swedavia
Jonas Matthing, Senior Researcher, RISE
Gustav Melin, Managing Director, Svebio
Nils Paul, Policy Expert, Swedish Confederation of 
Transport Enterprises 
Anna Soltorp, Former Sustainability Manager, BRA
Mari Torstensson, CEO, Swedish Regional Airports (SRF)

This document represents the final report of the foresight 
analysis sub-project in Fossil-Free Aviation 2045. 
Important: When reading the report, remember that the 
participants are part of a broad ecosystem and represent 
several different industries rather than one specific 
sector or industry. This affects the conclusions and 
recommendations presented, and should be interpreted 
as a result of collaboration.

METHOD AND PROCESS 
DESCRIPTION
The main activities conducted in the foresight analysis 
are trend analysis, scenario analysis and roadmapping. 

Trend analysis
The foresight analysis began with a trend analysis. In 
this analysis, the companies and organisations that 
participated through open invitation, trend scouting and 
a trend scanning workshop highlighted several trends 
they viewed as significantly influencing the development 

of fossil-free aviation. After the trends were formulated 
and analysed, they were presented in the 2019 report 
“Eyes on the Horizon”. The report should be understood 
as a snapshot of trends around fossil-fuel-free aviation.   

Scenario analysis
Scenario narratives are often used as a tool for 
structured discussions about how different futures for a 
particular issue might be envisioned. They offer a way for 
different actors and stakeholders to find a common way 
forward in pursuit of a goal or vision. Scenarios can also 
be used as a foundation for developing a vision as part 
of strategy development, using the most advantageous 
scenario. In the scenario analysis preparations, the 
participants created four scenarios from different factors 
which were based on the trend analysis results. The 
scenario narratives describe possible development 
pathways and interactions among these factors. The 
resulting scenario report presents the scenario analysis 
results, and invites the readers to use the scenarios as 
a basis for conducting structured discussions about the 
future of green aviation in their own organisations using 
the exercises at the end of the report. 

Roadmapping
To gather stakeholder input on needs for 2020–2045, 
roadmapping was used as a method. Roadmapping 
consists of the following steps.

1. Scoping
In this first step, the roadmapping scope was narrowed 
to three main thematic areas. The following four guiding 
principles were used to develop the factors that formed 
the basis of the thematic areas:
  The thematic areas should be relevant to as many 

parts of the ecosystem as possible.
  They should complement previous reports and 

analyses by focusing on areas that require more 
attention.

  They should focus on areas requiring a better 
understanding of developments over time.

  The areas should be ones in which the stakeholders 
themselves can take action.

Several factors considered to have a significant impact 
on the issue were developed and were weighted by the 
participants according to the above principles. Based 
on the factors weighted the highest, the three thematic 
areas were created. 

2. Vision
A clearly defined, inspiring 2045 vision that reflected the 
attainment of the fossil-free aviation target was produced 
using a vision process.  The main purpose of the vision is 
to act as a guiding principle during roadmapping.  

BACKGROUND
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3.  Roadmapping
  Included roadmaps: During the first part of the 

roadmapping process, three teams each developed 
a roadmap for their own thematic area over the 
course of several meetings. These consisted of a 
2020–2045 timeline describing the current situation, 
market investment and business needs, research 
and technology development requirements, and 
critical prerequisites for the three periods 2020–
2025, 2025–2035 and 2035–2045 for reaching the 
jointly developed 2045 vision. The timelines are 
presented below.

  Needs and recommendations: Using the roadmaps 
and timelines developed, an obstacle analysis 
was conducted in which the participants identified 
the obstacles they believed stood in the way of 
their overarching actions leading up to 2045. 
From this, they then identified how the obstacles 
could be removed. This resulted in several needs 
and recommendations to other actors. These 
recommendations and other overall conclusions 
represent the main results of the participants’ joint 
efforts during the project. 

BACKGROUND

” Fossil-Free Aviation 2045 aims to create 
a long-term national platform that brings 
together aviation stakeholders and acts in 
synergy with successful existing research 
and innovation environments.”
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CURRENT SITUATION 
AND SCOPE 
The results of the report are based on the following assumptions about the current state 
and the decided scope of the project.

Emissions from fuel combustion, which consist mostly 
of carbon dioxide, account for aviation’s impact on 
climate change. Additional climate change effects occur 
when some of the emitted substances, such as nitrogen 
oxide and water vapour, are released at high altitudes. 
Greenhouse gas emissions from international flights 
in 2019 accounted for 4.1 percent of Sweden’s total 
emissions. (This figure was calculated on the amount of 
fuel uplift both within Sweden’s borders and for flights 
leaving Sweden, and in accordance with UN and EU 
reporting excluding high-altitude effects.) Emissions 
from domestic flights in the same year accounted for 
0.9 percent of Sweden’s total emissions (Swedish 
Environmental Protection Agency, Bio-Jet Fuel Inquiry).

Emissions from aircraft are managed at the global level 
via CORSIA, the UN’s compensatory mechanism for 
aviation; at the European level via EU ETS, where aviation 
is the only mode of transport; and in national transport 
policies, through mechanisms like targets and strategies. 
The government’s aviation strategy (Ministry of Enterprise 
and Innovation, 2017) states that aviation, like other 
modes of transport, will help Sweden achieve its goal of 
becoming one of the world’s first fossil-free social welfare 
countries. The government has not, however, developed 
any more specific targets for aviation. In its roadmap, 
the Swedish aviation industry has collectively agreed on 
targets for 2030 and 2045 in line with the government’s 
targets for fossil-free domestic flights by 2030 and for 
all flights taking off at Swedish airports to be fossil-free 
by 2045. 

Yet aviation is a global industry, and Sweden intends to 
provide global solutions. This global industry has agreed 
on global emissions targets for 2050 that entail a 50% 
reduction in aviation carbon dioxide emissions from 
2005 levels in absolute terms. A global effort is underway 
to tighten these targets. The more ambitious targets 
set by the Swedish aviation industry therefore affect 
Sweden’s progress on fossil-fuel independence, since a 
competitive global market must be taken into account. 
At the same time, Sweden appears poised to become a 
world leader in the transition.

TRENDS
Aviation’s transition towards achieving the climate 
goals is influenced by several external trends and 
developments in society, at both national and global 
levels. The description in this section summarises 
the trends identified by the project participants as 
having the biggest impact for the future of sustainable 
aviation. On the consumer side we can see changes 
in travel patterns, with shifts in the number of trips 
being taken, the trip’s purpose and destination, and 
modal split. Although long-term demand for air travel in 
Sweden has long been on the rise, the 2020 pandemic 
has temporarily reduced air travel to a minimum. The 
snapshot into what the trends will look like going 
forward is marked by great uncertainty. In parallel, 
consumer pressure on sustainable travel is intensifying. 
Increased pressure around sustainability and fossil-fuel 
independence is also evident in public and private 
investment decisions as well as in policies. A key focus 
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Trends identified by the participants of the trend analysis.

of policies has been to create clarity about what is 
sustainable (the EU taxonomy for sustainable activities is 
one example) and ensure the long-term transition of the 
EU’s economy (such as the European Green Deal).
In terms of technology and infrastructure development, 
there is a clear trend towards the electrification of society 
in general and of the transport system in particular as 
society moves towards self-sufficiency, decentralisation 
and small-scale living. As demand for biofeedstock 
rises across several sectors for the production of both 
energy and materials, competition for raw materials is 
growing. This is causing uncertainties around pricing and 
long-term supply and is leading to discussions about the 
sustainability of biofeedstocks at international, EU and 
national levels. 

The general trend towards the use of more disruptive 
technologies and innovation is clearly reflected in the 
aviation industry. One noticeable sign is the political and 

technological trend towards fuel switching, in which 
a broad raw material base containing everything from 
forest logging residues to algae is beginning to replace 
fossil-fuel alternatives. Today aviation biofuel can be 
blended with petroleum-based fuel and refuelled in 
existing aircraft using existing infrastructure, laying the 
foundation for rapid introduction provided that a market 
for aviation biofuel can be created. A growing interest 
in electrofuels is emerging as a parallel technological 
development, partly driven by a greater focus on 
hydrogen in European policies and the clear need for 
carbon storage and use emphasised by the IPCC. 
Radical new technologies are also starting to take off in 
this area, with parallel initiatives from several international 
players around the development of hydrogen-powered, 
battery-powered and hybrid aircraft. Further research 
and technology development is needed to accomplish a 
large-scale transition.

CURRENT SITUATION AND SCOPE

TRENDS

TRENDS WITH HIGHER DEGREE OF UNCERTAINTY

Growing support for 
policy action

1

Growing demand for 
sustainable travel

2

Growing demand for 
travel worldwide

3

Growing  
electrification

4

Growing competition 
for natural resources

5

Continued influence of 
the petroleum industry

6

Growing interest  
in sustainable 

investment

7

Disruptive 
technologies and new 

business models

8

Growing polarization  
in politics 

9

Decentralization  
and small-scale 

solutions

10

11

WE WANT 
SUSTAINABLE 

TRAVEL



AVIATION INDUSTRY ROADMAP 
WITHIN FOSSIL-FREE SWEDEN
Fossil-Free Sweden is a government initiative that was 
launched ahead of the 2015 climate summit in Paris, 
with the goal for Sweden to become one of the world’s 
first fossil-free social welfare countries. Achieving 
parliament’s 2045 target for climate neutrality demands 
a transformation of our entire society. A large part of 
the practical efforts to achieve this target rests with the 
business community. Fossil-Free Sweden’s mission is 
not only to accelerate the transition to meet the climate 
targets, but to demonstrate the importance of these 
efforts for the long-term profitability of the business 
community. As part of this work Fossil-Free Sweden 
has invited different industries to develop roadmaps 
indicating how each industry intends to stop using fossil 
fuels, with increased competitiveness as a result. The 
roadmaps also identify obstacles along the way and 
provide suggestions to policymakers on how to facilitate 
the efforts of public authorities and policymakers in 
reaching the targets.

In 2017, the aviation industry developed a roadmap 
for outlining how aviation can do its part in helping the 
government achieve the goal of Sweden’s fossil-fuel 
independence by 2045. The roadmap presents some 
of the key actions that will be required both within the 
industry, in other industries and in policy to achieve 
the goals. The aviation industry’s roadmap follows the 
structure developed by Fossil-Free Sweden, which 
involves a focus on obstacle analysis and obstacle 
removal. The roadmap outlines the path to 2030 and 
2045, but does not recommend detailed initiatives or 
actions. It instead focuses on switching fuel and securing 
a long-term supply and demand for aviation biofuel.

ONGOING INVESTMENTS AND 
INITIATIVES  
Since the launch of the aviation industry’s roadmap, 
numerous political initiatives and investments have 
been initiated in line with the roadmap’s proposals. For 
one, the government has announced the introduction 
of a GHG reduction mandate for aviation in 2021. The 
Swedish Energy Agency has received increased funding 
to develop activities for fossil-free aviation, such as 
continued research and development and feasibility 
studies on biofuel production. The government’s biofuel 
inquiry also proposes that the Swedish Energy Agency 
investigate the investments and production support 
needed for large-scale aviation biofuel production; that 
a review should be conducted of the fee structure linked 
to emissions and fossil-fuel independence; and that 

CURRENT SITUATION AND SCOPE

the public sector should be first in line for purchasing 
fossil-free fuel. As tasked by the government, Transport 
Analysis has developed a knowledge base around the 
potential of electric aviation and the Swedish Transport 
Administration has evaluated tools for accelerating the 
implementation of new aviation fuels in Sweden.

SCOPE  
The Fossil-Free Aviation 2045 project aims to describe 
the broader ecosystem’s actions during the period 
2020–2045, based on the aviation industry’s roadmap 
and other ongoing initiatives. The measures are divided 
into three different areas which are partly interrelated but 
also present different challenges and require different 
efforts. The project also aimed to assess when during 
the period the various initiatives and measures should 
be initiated and should be in place to achieve the 2045 
target. By linking the analysis, obstacles, measures and 
targets of the aviation industry’s roadmap with the final 
report, a framework and long-term view of the work can 
be created. The project results can thus serve as a tool 
for speeding the pace of transition, as well as a way to 
define and prioritise the efforts.   

Examples of implemented or ongoing industry 
initiatives:
  Participation in the Bio-Jet Inquiry
  Collaboration between the aviation industry 

and biofuel producers around increased 
supply and sustainable business models

  Biofuel as an option when booking airline 
tickets

   Participation in research projects for 
developing biofuels and electric- and 
hydrogen-powered aircraft

 Industrial investment in electric aircraft 
   The opportunity for travellers to buy aviation 

biofuel through the Fly Green Fund
  Increased pace of fleet rejuvenation
  Joint procurement of biofuels for business 

travel via Swedavia and via Swedish Regional 
Airports (SRF)

  The projects FFT2045, NEA, ELISE, Green 
Flyway, TreePower and FAIR, which saw 
an extensive number of stakeholders from 
both within and outside the industry mobilise 
around the goal of achieving fossil-free. 
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Achieving the target of fossil-free flights taking off 
from Swedish airports by 2045 requires substantial 
efforts within several complex areas. This involves real 
investments and technology shifts in the near future as 
well as research and development in several areas. Three 
main thematic areas are covered by the final report: (1) 
Market development of liquid fuels, (2) Development of 
alternative, disruptive technologies and (3) Consumer 
market development. They entail the following:
  Market development of liquid fuel – access to 

sustainable, locally sourced aviation biofuel, 
development of aviation biofuel production 
technologies, business models for aviation 
biofuel development, development of financing 
mechanisms for producing aviation biofuel, 

electrofuel development, energy efficiency in the 
system.

  Development of alternative technologies – business 
models and customer offerings for electric aircraft, 
development of logistics and infrastructure for 
electric aircraft, development of electric aircraft 
technologies (primarily battery technology), 
development of hydrogen aircraft technologies, 
development of hybrid aircraft, energy efficiency in 
the system.

   Consumer market development – new business 
models and forms of collaboration around air travel, 
new customer offerings for air travel, demand-driven 
action, consumer behaviour and travel patterns, and 
communication.

CURRENT SITUATION AND SCOPE

Area 2 
 

DEVELOPMENT 
OF ALTERNATIVE 
TECHNOLOGIES 

• Business models and customer 
offerings for electric aircraft

• Development of logistics 
and infrastructure for electric 
aircraft

• Development of electric aircraft 
technologies (primarily battery 
technology)

• Development of hydrogen 
aircraft technologies

• Development of hybrid aircraft
• Energy efficiency in the system

Area 1
 

MARKET 
DEVELOPMENT 
OF LIQUID FUEL

• Access to sustainable, locally 
sourced aviation biofuel

• Development of aviation 
biofuel production 
technologies

• Business models for aviation 
biofuel development

• Development of financing 
mechanisms for producing 
aviation biofuel

• Electrofuel development
• Energy efficiency in the 

system

Area 3 
 

CONSUMER 
MARKET 

DEVELOPMENT

• New business models and 
forms of collaboration around 
air travel

• New customer offerings for 
air travel

• Demand-driven action
• Consumer behaviour and 

travel patterns
• Communication

THEMATIC AREAS
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All measures have an important role to play, and the 
efforts should be viewed as complementary rather than 
competing, although there is some overlap between the 
technologies. A description of how the thematic areas 
were developed can be found under the methodology 
and process description above. Implementing the 
efforts with minimum resource losses requires continued 
efforts related to energy efficiency. Energy efficiency is 
a measure the aviation industry has been steadfastly 
pursuing for quite some time; as a result, emissions per 
passenger have been significantly reduced: a total of 
23 million tonnes of CO2 emissions have been avoided 
since 2000 thanks to energy efficiency improvements 
(based on the difference in emissions per passenger-
kilometre today compared with 2000 levels and given 
the passenger volume growth over the same period; see 
Swedish Environmental Protection Agency). However, 
participating stakeholders agreed that the efforts must 
be significantly accelerated. Therefore, energy efficiency 
is included as an important component of two of the 
areas, liquid fuel and alternative technologies.

In addition to thematic demarcations, the following 
questions were discussed with the participants: 
geographical scope, relation to different technology 
tracks and management of high-altitude effects. The 
questions were addressed as follows:
  Geographical scope. The project focuses on 

Sweden but touches on other countries when 
considered relevant. For example, the document 
consistently emphasises the importance of a Nordic 
perspective and international collaboration because 
of shared rules of play and infrastructure. 

  Different technology tracks. Includes all technology 
tracks while stressing the importance of comparing 
alternatives based on the long-term potential to end 
the use of fossil fuels. 

  High-altitude effects. Participants highlighted the 
need to manage high-altitude effects separately 
from carbon dioxide emissions, and to provide 
visibility into the impact of biofuels on high-altitude 
effects. During the scoping, participants decided 
to address high-altitude effects as a key research 
topic that needs clarity around effects and measures 
through continued research and information 
gathering. 

CURRENT SITUATION AND SCOPE
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2045 VISION   
– AVIATION A KEY PIECE OF THE PUZZLE IN SWEDEN’S 
BECOMING THE WORLD’S FIRST FOSSIL-FREE 
WELFARE COUNTRY

The following vision was developed by participants to serve as a beacon and a 
description of the final destination in the journey towards fossil-fuel independence. 
The vision serves as input for the timelines for developing liquid fuel, alternative 
technologies, and the consumer market during 2020–2045 presented in the report. 

In 2045, all flights taking off at Swedish airports are 
fossil-free, while domestic flights have been fossil-free 
since 2030. The success was grounded in cross-sectoral 
innovation and supported by long-term, consistent public 
policy.  The transition was characterised by the aviation 
industry’s early and strong focus on continuous efficiency 
and operational optimisation, access to sustainable, 
locally sourced biofuel and electrofuel, new technological 
solutions including electric- and hydrogen-powered 
aircraft, and innovative customer offerings. Market 
changes, business development and the introduction 
of new policies and infrastructure all contributed to 
achieving the vision. 

In 2045, demand for both domestic and international 
flights is driven by continued globalisation and 
customers’ increased focus on sustainability, 
accessibility and convenience. Consumers in 2045 
are environmentally conscious and connected, which 
has brought about structural changes in the travel 
market, such as shifts in the length of stay, dominant 
travel categories and price sensitivity. The overarching 
focus on all dimensions of sustainability helps to create 
distinct niches for different technologies. New market 
offerings have been developed to meet customer needs, 
including new pricing models, new destinations and 
greater opportunities for customers to help co-create 
sustainable solutions. Information on sustainable travel is 

easily accessible, and sustainability is built into the travel 
system to facilitate consumer choice.  

Airport infrastructure, such as electricity supply and 
storage, refuelling and fuel storage, is adapted to the 
increased complexity and integration of aviation into 
the travel system. Biofuel and electrofuel production 
facilities in Sweden and the Nordic region fully meet or 
exceed the needs for sustainable liquid fuel, with the 
surplus being exported. The reinforced infrastructure 
and local production have ensured the availability and 
growth of aviation in rural areas, creating many jobs 
around the country. Electric- and hydrogen-powered 
aircraft supply shorter distances, made possible by the 
rapid development and local production of batteries 
with higher recycling rates, as well as sharply increased 
access to renewable energy and green hydrogen.  

An integrated transport system has been created, in 
which the trip’s purpose, duration and climate and 
environmental impact are factored into the choice of 
transport mode, and whose policies extend from raw 
materials through to consumption. These factors have 
become the common thread in Swedish policy. The 
transport system is cross-modal, and each mode of 
transport is used as efficiently as possible. The early, 
sharp focus on carbon reduction and the comprehensive 
revision of public procurement rules in the 2020s was 
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followed by the introduction of a GHG reduction mandate 
that promotes domestic production and introduces 
sustainability-driven guidelines for the use of logging 
residues. Together with other Nordic countries, Sweden 
was a driving force in introducing a global biofuel quota, 
which has benefited Swedish production and export 
capabilities. Green bonds supporting the transition, 

extensive tax shifting and crisis support have helped to 
create the necessary long-term governance. Streamlined 
certification processes and R&D support have also 
accelerated the market introduction of new technologies. 

2045 VISION – AVIATION A KEY PIECE OF THE PUZZLE IN SWEDEN’S BECOMING THE WORLD’S FIRST FOSSIL-FREE WELFARE COUNTRY

“ The year 2045 marked the final 
destination in Sweden’s journey 
towards fossil-fuel freedom. 
Sweden became the world’s first 
fossil-free social welfare country, 
and the transformation of the 
aviation industry was an essential 
piece of the puzzle on the journey  
to the goal.” 
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GETTING THERE  
– ACTIONS FOR 2020–2045

The timetables below describe the journey from 2020 up until the vision of fossil-fuel 
freedom is achieved in 2045. 

Achieving the vision for fossil-free aviation requires a 
combination of business shifts, technology development, 
and research on liquid fuel, alternative technologies and 
customer offerings. Doing this with the fewest possible 
resource losses requires a massive acceleration of 
efforts related to energy efficiency. All measures have an 
important role to play, and the efforts should be seen as 
complementary rather than competing. 

In the tables, the planned actions are divided into three 
time horizons – short, medium and long term. The tables 
begin by describing the current situation in each of the 
time ranges between 2020 and 2045. The information 
that follows contains a description of (1) changes taking 
place in the commercial environment during each period 
(investments, business shifts, collaboration) that enable 
the situation, (2) research and technology development 
taking place during each period that enable the situation 
in the following period, and (3) the critical prerequisites 
needed to bring about these business shifts and research 
and technology development.  The critical prerequisites 
are external success factors, meaning factors that 
participating actors cannot influence themselves but 
that are important for enabling action. They can take the 
form of policy support, acceptance by the public and 
technology enablers from other industries.

The results reveal the extensive complexity and high 
interdependence of the different actions. Because of this, 
some activities have to start in the near future in order 

to enable other later actions. An accelerated transition 
generally produces a great effect, and the early transition of 
short-haul fleets away from fossil fuels can help accelerate 
change within medium-haul and long-haul aviation. 

MARKET DEVELOPMENT  
FOR LIQUID FUEL
As regards liquid fuel, the participants started with the 
goal of 100% fossil-free fuel by 2045 and that domestic 
needs for sustainable and locally produced biofuels are 
fully met or exceeded, enabling the export of excess 
production.

To initially enable fossil-free domestic aviation by 2030 in 
the short term, investments are required in pilot facilities 
for new technologies, such as ethanol-to-jet, electrofuels 
and gasification. To share risks and opportunities 
with these providers, public–private project financing 
models and cross-sectoral business models must be 
implemented by the forestry industry, fuel producers and 
energy companies in partnership. 

Investments in first-of-its-kind production facilities for 
new technologies also continue in the medium term with 
the help of public–private joint ventures, to later transition 
in the long term to a functioning market with full-scale 
facilities that operate without public funding. To enable 
the development of electrofuel, investments in electricity 
generation and distribution for green hydrogen should 
also be made in each period. 
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In addition to business shifts and investments, the 
participants described a three-phase R&D programme 
aimed at enabling scale-up and achieving the target. 
Phase I of the programme will develop dedicated 
processes at the lab, pilot and demo scales and new 
catalysts, as well as focus on the energy efficiency 
of engines and aircraft types and on green hydrogen 
research. In addition, efforts will be required for 
integrating facilities and new fuel types into existing 
systems, through the conversion of petroleum refineries, 
modelling of integration into the energy system, and 
process integration of fossil-free aviation fuel facilities 

into existing biofuel and energy infrastructure. Taking 
established research projects as a point of departure, 
research on the high-altitude effects caused by the 
use of different types of aviation biofuel will be mapped 
and developed. During phase II, the focus of the work 
shifts to the development of dedicated processes for 
the industrial-scale, robust production of multiple fuels 
in the same process. During phase III, work continues 
from previous phases with an increased focus on 
process optimisation in order to achieve a 100% circular 
bioeconomy. 
   

” The participants have set the ambition 
of 100 percent fossil-free fuel by 2045. 
By 2045, they also aim to fully meet and 
exceed the domestic need for sustainable 
and locally sourced biofuels, allowing for 
the export of surpluses.”

GETTING THERE – ACTIONS FOR 2020–2045
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LIQUID FUEL – ACTIONS

2020–2025 2025–2035 2035–2045
2045: Final 
stage, fossil-fuel 
independence

• 15% actual physical volume of renewable fuels at 
a competitive price

• 1–2% of total market for all fuel and all transport 
modes produced from domestic raw materials

• Available, well-known technology for the production of 
aviation fuel from vegetable oils

• Fossil-free liquid fuel fulfils 
quota for 100% fossil-free 
domestic aviation

• 50% actual physical volume 
of renewable fuels (prel.) 

• Nordic GHG reduction 
mandate

• 25% of total market for all 
fuel and all transport modes 
produced from domestic 
raw materials 

• Increased production from 
forest raw materials and 
synthetic fuels

• 75% actual physical 
volume of renewable 
fuels (excluding mass 
balancing) (prel.)

• 50% of total market 
for all fuel and all 
transport modes 
produced from 
domestic raw 
materials

• Increased production 
from forest raw 
materials and 
synthetic fuels

• 100% actual 
physical volume of 
renewable fuels   

• Domestic 
production, 
supplied by 
domestic raw 
materials

• Sweden a net 
exporter of 
sustainable aviation 
fuels (SAF)

• Several sustainable, 
profitable solutions 
available, such 
as fuel based on 
cellulose, vegetable 
oils, energy crops, 
electrofuels, etc.

• Fully developed 
infrastructure for 
green hydrogen

• GHG reduction 
mandate with sub-
quotas that reward 
Nordic production 
on a global level

• A system to reduce 
carbon debt in the 
atmosphere

• Well-developed 
circular bioeconomy

• Pilot facilities for new technologies
• Cross-sector business models: partner companies 

among the forestry industry, fuel producers, energy 
sector, chemicals industry 

• Public–private project funding
• Negotiation around Nordic collaboration (to minimise 

fuel tankering)
• Investments in electricity generation and distribution 

for green hydrogen

• Continued investments 
in first of its kind facilities 
(ethanol-to-jet, P2X, 
gasification/FT) 

• Continued development 
of cross-sectoral business 
models

• Public–private joint ventures 
with risk sharing

• Continued investment 
in electricity generation 
and distribution for green 
hydrogen

• Non-subsidized 
scale-up and market 
development for 
mature technology at 
that stage

• Continued investment 
in electricity 
generation and 
distribution for green 
hydrogen

R&D, first phase
• Technology development:

i) Development of dedicated processes (lab, pilot, 
demo)
ii) Development of new catalysts
iii) Use of other biofeedstocks
iv) Energy efficiency of engines and aircraft types
v) Green hydrogen – electrolysis
Integration into existing systems: 
i) Conversion of petroleum refineries
ii) Modelling integration into the energy system
iii) Process integration of advanced SAF facilities into 
existing production infrastructure
iv) Streamlining catalysts and energy flows

• Instrument research and ex-ante impact assessment of 
policy interventions

• Mapping and development of knowledge on high-
altitude effects when using different types of aviation 
biofuels

R&D, second phase
• Continuation of work from 

the first phase
• Development of dedicated 

processes (for industrial 
scale)

• Robust production of 
multiple fuels in the same 
process

R&D, third phase  
(TRL 8–9) 
• Continuation of work 

from the second 
phase

• Full-scale facilities for 
dedicated aviation 
biofuels, applied 
research for process 
optimisation

• Sweden and the EU prioritise the circular bioeconomy, 
including availability of sustainable raw materials, from 
a sustainability perspective

• GHG reduction mandate with sub-quotas for advanced 
SAF allowing for domestic raw materials 

• Public procurement of aviation biofuels from cellulose 
• Requirements on emissions levels rather than mode of 

transport in travel policies and procurement
• Public funding and support for the certification process 

of new technologies (ASTM) 
• Green loan guarantees
• The state as guarantor in offtake agreements
• Prioritising the climate change issue over noise 

reduction as noise levels meet society’s thresholds
• Collaboration with road transport sector, chemicals 

industry, energy sector, forestry industry

• Continued procurement of 
cellulose-based aviation 
biofuels

• Certification of 100% 
biofuel-based aircraft fuel 

• Knowledge-based travel 
decisions by businesses 
and consumers

• Possibilities explored for 
new distribution routes for 
domestic fuel

• Green loan guarantees

• A system to reduce 
carbon debt in the 
atmosphere

• A global carbon 
market

GETTING THERE – ACTIONS FOR 2020–2045
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ALTERNATIVE TECHNOLOGIES
As regards alternative technologies, the participants 
started with the goal of maximising the long-term 
potential of propulsion technologies based on energy 
sources other than liquid jet fuel, as well as storage of the 
necessary energy on board aircraft to achieve fossil-fuel 
independence. A handful of industry initiatives are 
underway worldwide related to hydrogen- and battery-
powered aircraft. Planned actions are aimed at both 
laying the groundwork for taking part in this development 
and ensuring that Swedish industry and Swedish 
innovation grow exponentially in the field. Both types of 
measures are considered vital for ensuring that Sweden 
reaches its 2045 target for fossil-free aviation. In the 
table below, both situation descriptions and actions in 
each period are based on estimated timelines of different 
technologies, with the caveat that much of the necessary 
technological developments will take place outside the 
actors’ constellation. 

In the short term, fleet replacement will take place 
in existing niche markets, such as small-scale 
commercial flights, as well as in emerging niche 
markets. Ramping up the pace of development in a 
competitive market requires demonstrating the business 
viability for commercial routes. To enable technological 
development, collaborative international projects and 
joint research initiatives must also be established, both 
within the ecosystem and in cooperation with the public 

sector and other industries. For example, evaluation 
initiatives are required for new airport structures, battery 
development R&D, and proof-of-concept for hydrogen 
propulsion. In parallel, efforts must be made to develop 
energy-efficient engines and aircraft. 

In the medium term, new aircraft types will begin to 
complement their turbine-powered counterparts, 
and the first commercial domestic routes will be 
established. A clearly defined market distribution must 
be established among different technical solutions based 
on sustainability criteria. Airport infrastructure must be 
adapted in order to prepare for a broad introduction 
of new technologies in the long term. Research must 
focus on developing larger passenger aircraft with 
new propulsion methods and establishing hydrogen 
distribution systems. Process changes in safety control 
procedures and lead times must also be implemented. 

In the long term, aircraft types will be introduced that can 
replace their turbine-powered counterparts and free up 
SAF for longer distances and commercial routes in the 
Nordic region with bigger aircraft (70 or more seats). At 
this stage, smaller turbine-powered aircraft are being 
replaced and new types of aircraft purchased, and 
investments are being made in electricity and charging 
infrastructure for large-scale use. 

GETTING THERE – ACTIONS FOR 2020–2045

” The participants 
describe actions 
aimed at both laying the 
groundwork for taking 
part in this development 
and ensuring that 
Swedish industry and 
Swedish innovation 
grow exponentially in 
the field.” 
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ALTERNATIVE TECHNOLOGIES – ACTIONS

2020–2025 2025–2035 2035–2045
2045: Final 
stage, fossil-fuel 
independence

• Replacing traditional technologies in 
existing niche markets (flight training, small 
business travel, etc.)

• Emergence of new niche markets, maintain 
(some) development

• Technology and infrastructure for large-
scale implementation not in place

• Test runs
• Fuel cell technology development 

– prototypes

• Domestic aviation fossil-free since 
2030 but mainly based on biofuels

• Aircraft introduced that 
complements turbine-powered 
counterparts

• First domestic commercial routes 
for aircraft without operational CO2 
emissions (20-70 seats)

• FAircraft introduced that 
replaces turbine-powered 
counterparts, freeing up 
sustainable aviation fuels 
(SAF) for longer distances

• Airport infrastructure 
adapted for different types 
of technologies and aircraft

• Commercial routes in the 
Nordic countries 

• No obstacles restricting 
development (attractive 
and rational) 

• Aircraft with 70 or more 
seats are dimensioned 
(with future economies of 
scale)

• Market-regulated 
development for battery-
powered planes

• Fossil-free flights 
completely 
operational from 
Swedish airports

• Alternative 
technologies ensure 
fully sustainable 
mobility via aviation 

• New energy carriers 
(e.g. batteries 
and hydrogen) 
have made major 
progress 

• Infrastructure in 
place for enabling 
the use of new 
technology 

• Clear 
standardisation 
pathways and 
safety rules

• Continuous work 
on energy efficiency 
throughout the 
period

• Swedish industry 
and Swedish 
innovation 
have multiplied 
in size within 
zero-emission 
technologies

• Proof that battery-powered planes on 
commercial routes makes business sense

• Risk sharing between the state and the 
business sector

• International partnership projects for 
developing and testing components

• Investments in research projects in 
cooperation between aircraft manufacturers 
and airlines

• The industry makes demands for 
sustainable battery manufacturing

• Clear market distribution among 
different technologies

• Investments in adapting airport 
infrastructure for several aircraft 
types

• Purchases of new aircraft types

• Smaller turbine-powered 
aircraft replaced and new 
types of aircraft purchased 

• Investments in large-scale 
electricity and charging 
infrastructure (including 
hydrogen and fuel cells) 

• Clear division of roles for 
supplying liquid energy is 
established (electricity and 
hydrogen ecosystems)

• Innovation programme for the rapid 
development of marketable electric vehicles 
and mobilisation of experts, through a 
green deal for example

• Evaluation of size, range, aircraft layout, 
etc. for new airplane designs 

• R&D linked to sustainable aircraft battery 
development and long-life battery 
development

• Increased focus on hydrogen propulsion, 
proof-of-concept

• Development of energy-efficient engines 
and aircraft

• Research on the socio-economic value of 
alternative technologies

• Development of larger passenger 
aircraft with new propulsion

• Research into the production and 
distribution of liquid hydrogen for 
aviation needs

• Faster, altered security control for 
more rapid lead times

• Continued development of 
energy-efficient engines and 
aircraft

• Development of brand-new 
disruptive technologies 
to enable electrification 
of increasingly larger 
aircraft that can fly longer 
distances

• A changed view of aviation
• Cost of carbon dioxide is clear
• Public procurement has emissions level 

requirements
• Clear policy guidelines and strategies for 

electric- and hydrogen-powered aircraft
• Development of energy distribution and 

ground infrastructure in close cooperation 
with aircraft manufacturers and others 

• Secure operational regulations and 
processes for new, smaller aircraft; develop 
regulations and certification “retroactively” 
in an iterative process

• Separate flow without security check for 
shorter domestic routes

• Sustainable batteries and electricity supply, 
reduced battery costs

• Mechanism for managing parallel, 
more complex energy systems

• System for synergies between 
aviation industry and researchers 
for predictability, long-term viability 
and the promotion of capital-
intensive, riskier investments

• Acceptance of new technologies 
– both aircraft and ground 
infrastructure 

• Regulatory review for hydrogen-
powered aircraft – environment 
and safety

• Development and 
commercialisation of new battery 
technology

• Division of responsibilities for 
managing distribution and 
infrastructure for hydrogen and 
electricity

• Investments in sustainable mineral 
extraction

• Continued understanding 
and mechanism for 
managing parallel, 
complex energy systems

• Collaboration and 
coordination at 
international level
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CONSUMER MARKET 
DEVELOPMENT
As regards consumer market development, the key 
measures highlighted include industry-oriented research 
into customer behaviour and business shifts at airports, 
with the aim of creating a more diversified business, as 
well as cooperation with providers of other modes of 
transport. 

Early market development (2020–2025) relies on 
customers’ active participation in the transition process, 
for example through their ability to buy biofuel or choose 
it as an option when making travel purchases. To make 
this possible, several communication activities are being 
carried out. Research during the period focuses on 
sustainable tourism, willingness to pay for sustainable 
aviation, and nudging for sustainable transport choices 
to enable the next phase. 

Medium-term business shifts aim to broaden customer 
offerings and to simplify making the right choices, like by 
ensuring access to harmonised information on aviation’s 
climate impact. Common online platforms are being 
developed nationally, and larger airports are starting to 
offer more services to travellers. Research in this period 
focuses mainly on combined mobility and multimodal 
transport integration.  

In the long term, actions focus on building sustainability 
into travel systems and infrastructure so that customers 
do not need to make their own choices, and on 
implementing integrated transport solutions based on 
research results from the previous period. Common 
online platforms for multimodal transport solutions are 
implemented, and integrated customer offerings are 
created that involve multiple services. 

GETTING THERE – ACTIONS FOR 2020–2045

” Industry-oriented research into customer 
behaviour and collaboration with providers 
of other transport modes have been 
highlighted as important measures.”

22



CONSUMER MARKET DEVELOPMENT – ACTIONS

2020–2025 2025–2035 2035–2045
2045: Final 
stage, fossil-fuel 
independence

• Transition from carbon offsetting to 
carbon reduction

• Process for developing harmonised 
environmental labelling initiated

• New customer offerings help to finance 
and scale up biofuels

• Broad consensus and access 
to harmonised information on 
aviation’s environmental impact; 
easy to make the right choices

• New routes and transport links in 
the Nordic countries

• Customers contribute to biofuel 
development as a matter of course

• New customer offerings and 
business models enable new 
technologies to take off

• New customer offerings allow 
zero-emission technologies to 
be scaled up

• Infrastructure in place for 
integrated transport solutions 

• Consumers do 
not need to make 
an active choice 
– all dimensions 
of sustainability 
are instead built 
into the entire 
travel system

• Fully harmonised 
environmental 
labelling for 
travel, and easy 
access to clear 
information

• Infrastructure 
in place that 
supports 
integrated 
transport 
solutions and a 
smooth transition 
between different 
modes of 
transport

• Diversity of 
business models 
and price 
structures for air 
travel in place

• Collaboration 
among rail, road 
and air transport

• Carbon offsetting begins to be phased 
out 

• Biofuel is offered as an option for all 
travel purchases 

• Collaboration on developing common 
labelling systems and guidelines for 
climate change impact assessments

• Services that clearly demonstrate how 
travellers can minimise their carbon 
footprint

• Climate change impact built into 
fares for international travel

• Common online platforms for 
airlines developed 

• Harmonised methods for 
calculating the climate change 
impact for different modes of 
transport

• Major airports offer more traveller 
services and have more revenue 
streams

• New routes open in the Nordic 
countries, with smaller craft

• Platform for dialogue and 
enhanced cooperation with actors 
from other modes of transport

• Common online platforms that 
sell airline tickets as part of an 
integrated offer are scaled up

• Internationally harmonised 
payment and ordering services 
for travel

• New fintech solutions 
implemented for easy ticket 
purchases

• New business models, offers, 
collaboration and customer 
segments for shorter hauls, 
commuter aircraft

• Stricter criteria for sustainable 
travel, include social 
sustainability and accessibility

• New business models tested 
for new types of craft, such as 
drones

• Research on sustainable tourism 
• Industry-oriented research on 

willingness to pay for sustainable air 
travel

• Harmonisation of calculation methods 
for climate change impact

• Integrated national payment and 
ordering services 

• Research on nudging for sustainable 
transport choices

• New ways to visualise climate change 
impact

• Research on new business models for 
airports

• R&D around new business models 
and synergies linked to new types 
of vehicles and smaller craft

• Multimodal online platforms at 
national level and in the Nordic 
region

• Research on new ways to charge 
for air travel in collaboration with 
fintech companies

• Research on evaluating 
accessibility and social 
sustainability in travel

• Continued R&D around 
offerings linked to new types of 
vehicles, such as drones

• Multimodal platforms at 
international level

• Public procurement of sustainable 
solutions

• Requirements for sustainable, non-
fossil based fuels rather than mode of 
transport in companies’ travel policies 
and procurement

• Consumer pressure, willingness to pay 
for sustainable aviation solutions 

• Aviation treated as critical infrastructure 
• Inter-industry collaboration – tech 

companies develop solutions for the 
aviation industry

• Consumer pressure to green 
international air travel

• Regulatory requirements for 
sustainability

• Cooperation between 
stakeholders from airline 
industry and other modes of 
transport

• International collaboration in 
the Nordic region and Europe

• Infrastructure for bridging 
different modes of transport, 
for example rail–airport 
connections

• Issue of ownership of 
integrated solutions and 
ownership of customer data 
resolved
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OBSTACLES AND NEEDS
A number of obstacles stand in the way of the actions that can be taken. Removing 
these obstacles and enabling the realisation of these plans requires the efforts of other 
stakeholders, such as politicians, researchers, other industries and civil society. The 
tables below contain a mapping of these obstacles for each area (liquid fuel, alternative 
technologies, consumer market development) and proposed measures, with a focus on 
policy measures. 

Broadly speaking, the obstacles relate to a lack 
of or inadequate funding, policies, infrastructure, 
cooperation, communication or research. In summary, 
the ecosystem requires proactive, long-term policy 
in order to reduce the risk of major investments in 
technological solutions that sometimes last longer than 
40 years.  The harmonisation of policy instruments 
for fossil-free aviation and the creation of a coherent, 
synergistic policy portfolio should be a priority. 
There should be no conflicts in policy objectives and 
direction between national and international instruments, 
or in the governance of the various technical areas 
described in this report. Sweden should take a more 
active role in EU-wide policymaking and help drive 
the introduction of EU-wide instruments that benefit 
Swedish producers and the industry. It should also step 
up its EU collaboration to obtain a greater share of EU 
funding. At the same time, lessons learned from other 

Nordic countries should be taken into account when 
developing national instruments. Stakeholders are also 
calling for additional and more comprehensive economic 
instruments, including government loan guarantees 
and innovation support, to provide the security that 
stakeholders need to make the necessary investments 
for managing the transition and building large-scale 
facilities.    

Recent challenges have also confirmed the urgent need 
for a continued common platform where stakeholders 
can interact, share knowledge, communicate with one 
voice and avoid unnecessary competition. Platforms 
for collaboration and dialogue with other industries, 
such as the automotive and shipping industries, the 
energy sector and fuel producers, are also needed to 
give the aviation industry the muscle it needs to manage 
the transition.  
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OBSTACLES AND NEEDS

ALTERNATIVE 
TECHNOLOGIES Obstacles Measures
• Investments in altered 

airport infrastructure
• Lack of standards
• Financing 
• Insufficient capacity of Swedish power grid
• Local grid reinforcement takes place on an as-needed 

basis, not in advance
• Industry size

• Look and learn from past success stories
• Involve aviation industry in the work of CharIN MCS and 

create closer ties to the heavy vehicle industry (Class 8 
trucks)

• Aviation collaboration within the Swedish Electromobility 
Centre (SEC) 

• Set aside government funds for airport electrification

• Purchases of new 
aircraft types

• Financing
• Uncertainties about resale value and longevity
• Willingness to invest and early phase-out 
• The global market sets prices

• Risk-sharing mechanisms with the public sector (loans, 
etc.)

• Balanced control mechanisms

• Evaluation of size, 
range, aircraft layout, 
etc. for new airplane 
designs

• Aviation research is industry-driven
• Financing of new entrants difficult, within both academic 

research and industrial development

• R&D funding balanced and expanded
• Swedish Transport Agency and Swedish Civil Aviation 

Administration review regulations to support the 
introduction of state-of-the-art technology

• Development of 
larger passenger 
aircraft with new 
propulsion

• Aircraft development driven by a few major players • Infrastructure investments in Sweden and the Nordic 
region that enable early introduction in the region

• International 
collaboration projects 
for developing and 
testing components 
and aircraft

• Resource-intensive 
• Differences in degree of influence and capacities between 

countries.
• Potentially too big to manage for Swedish actors
• Competition

• Technology collaboration involving other modes of 
transport and other industries 

• Formation of an international test arena in Sweden for 
developing and testing components and craft

• Business models 
and the creation of 
markets for early 
adopters

• Lack of incentives in the current regulatory framework 
• Leasing companies take the greatest financial risk 

• Public procurement
• National and regional targets, such as Sweden’s 2050 

zero-emissions target
• Financial instruments

LIQUID 
FUEL Obstacles Measures
• Pilot facilities for new 

biofuel technologies
• Lack of funding for new facilities
• Politicians unaware of new technologies and costs of pilot 

facilities
• Complex, non-transparent and costly certification process

• Different types of funding forms for new facilities
• Continued partnership for increased dissemination of 

knowledge
• Cooperation with aircraft and engine manufacturers 

around certification (Saab, GKN, FMV)
• Closer cooperation and dialogue with ASTM

• Public–private project 
financing, public–
private joint ventures 
with risk sharing

• The sharing of risks (and opportunities) must take place 
across the value chain

• Sweden a strong contributor but has limited ability to seek 
and receive EU funding

• Offtake agreements, government loan guarantees, and 
contracts for difference 

• Innovation support, comfort letters for innovation funds
• Step-up of collaboration with Brussels 
• Increased capacity of policy and public authorities to 

benefit from EU funding

• Cross-sector 
business models and 
partner companies 
among the forestry 
industry, energy 
sector, chemicals 
industry 

• Lack of coherence in the value chain in terms of legislation
• Competition in the value chain for raw materials and a lack 

of consistency about what the raw materials will be used 
for

• Competition between different technology tracks
• Lack of knowledge

• Common GHG reduction mandate in the Nordic countries 
that takes into account lessons learned from national 
reduction mandates

• Harmonised, international policy instruments 
• Consensus throughout the value chain to avoid 

competition
• Long-term network that brings together actors around 

fossil-free aviation, sharing and disseminating information 
and knowledge

• Increased long-term interaction within the ecosystem and 
with related industries

• Sustainability criteria 
for biofeedstock

• Inadequate sustainability criteria
• Lack of acceptance by NGOs for the need for a diversity 

of raw materials
• Lack of sustainability criteria for synthetic fuels (RED2)

• Communication, meetings and agreements with major 
NGOs, should lead to broad agreements, acceptance and 
consensus

• Clear, common sustainability criteria and emission factors 
(regardless of area of use)

• Ecosystem training of actors based on a clear and 
coherent shared goal

• Development of 
full-scale facilities

• Lack of public–private project funding and risk sharing • Long-term approach and predictable policy, both 
nationally and at EU level
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CONSUMER 
MARKET 
DEVELOPMENT Obstacles Measures
• Customer offers for 

reduced carbon footprint
• Price
• Availability 
• Communication 
• Problem transferred to the customer

• Altered travel policies and procurement processes to 
promote green alternatives 

• Transition from carbon offsetting to carbon reduction
• Communication efforts to raise awareness of biofuel as an 

option for flying

• Common labelling systems 
and climate impact 
evaluation (sustainability 
communication) 

• Disagreement over how they should work
• Complexity and unclear boundaries
• Packaging

• Clear standard for calculating climate impact 
• Review of the climate declaration (Transport Analysis 

agency)
• Calls for proposals and funding for projects that develop 

similar solutions (Swedish Energy Agency)

• New routes in the Nordics, 
more airports and more 
traveller services

• Demand
• Supply 
• Lack of infrastructure 
• Integrated transport solutions

• Inclusion of electric-powered aircraft as an alternative 
in the national transport plan and mapping of relevant 
infrastructure (Swedish Transport Administration)

• Integrated payment 
and ordering services, 
multimodal platforms

• Lack of platforms for collaboration among different 
transport solution providers

• More closed solutions for other modes of transport 
• Lack of common infrastructure and connections for 

more modes of transport 
• Uncertainty about ownership (market-driven or 

legislated solution?)

• Investigation of common, integrated transport solutions 
that include aviation

• Platforms for collaboration and joint initiatives among 
different transport solution providers 

• Communication on 
sustainable air travel and 
its impact on society 

• Negative media attention 
• Aviation seen as a problem area instead of an area of 

opportunity
• The climate of debate 

• Collaboration around communication efforts
• Clear position on aviation among politicians 

” Broadly speaking, the identified obstacles 
relate to a lack of or inadequate funding, 
policies, infrastructure, cooperation, 
communication and research.”

OBSTACLES AND NEEDS
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Fossil-Free Aviation 2045 was founded by RISE, SAS 
and Swedavia. RISE is a research institute owned by 
the Ministry of Enterprise and Innovation. It is tasked 
with promoting sustainable growth in Sweden by 
strengthening the competitiveness and renewal of the 
business sector and by contributing to the innovative 
development of society. Aviation is a central part of 
Scandinavian infrastructure. SAS maintains the highest 
frequency of departures to and from Scandinavia, 
connecting smaller regional airports with major hubs. 
As part of the Star Alliance, SAS flies its customers to 
1,300 destinations worldwide. Swedavia owns, operates 
and develops Sweden’s national basic infrastructure of 

airports. Its ten airports form a network that connects 
Sweden – and Sweden with the world. Swedavia is 
developing the climate-smart airports of the future and 
is creating sustainable growth for Sweden. Together, 
RISE, SAS and Swedavia created Fossil-Free Aviation 
2045 as a collaboration platform for the entire aviation 
industry, around both knowledge and hardware. We 
drive innovation using a process-oriented approach 
which creates value by actively involving stakeholders 
throughout the ecosystem for fossil-fuel-free aviation in 
our operations.  

www.fossilfreeaviation.com 
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