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Executive summary 

KLM is one of only three airlines in the world to have a dedicated Climate Plan and one out of 13 
with a Science Based Target initiative (SBTi) approved climate target. This situation enables a 
unique option to assess what such a plan means with respect to setting targets, the scope and ef-
fectiveness of measures, and the underlying assumptions of such a plan. It also allows to inform a 
discussion of a just mitigation of climate change.  
Air travel has become part of modern life for the richer 10% of the global population. Also, it has 
brought benefits and connectivity to many people and supported economies. However, the fast 
growth of the sector also has its issues. The disadvantages of air travel have been highlighted by 
many scientists, policymakers and even some within the sector. To illustrate this, the CEO of Air-
bus, Guillaume Faury, told the audience during an Airbus Summit in November 2022, “that the 
aerospace industry is not moving fast enough to address climate change and promote its drive 
toward emission-reductions targets” (Flottau, 2022, p. 1).  
Our client, Vereniging Milieudefensie, asked us to assess KLM’s Climate plan, its targets, its 
measures, and the climate justice aspects of both. The main research question was how does the 
KLM climate plan realistically relate to the emission reduction targets of a general 1.5°C climate 
scenario, Dutch policy, principles of climate justice, and legal climate obligations? 
In our research, we applied a mixed methods approach consisting of a literature study (both scien-
tific and professional), data analyses (including data from FlightRadar24, OAG, CH-Aviation and 
several statistical offices at international and national level), an analysis aiming to find the out-
comes and assumptions of aviation climate mitigation scenarios and policies, and a qualitative 
analysis of the mitigation of aviation through developing and applying an ‘airline climate justice 
framework’.  
The KLM Climate plan is built around a ‘science-based’ – in the language of the SBTi - short-
term target of a carbon intensity improvement by 30% between 2019 and 2030. SBTi registered 
KLM’s target and added it to its list of companies. SBTi does not require an absolute emission 
target, even though climate science does recommend one. The logic behind this is that SBTi de-
termines a sector emission reduction scenario and deducts the carbon intensity for 2030 from this. 
The assumption is that if all airlines would stick to this target, the overall emissions of the pathway 
will be reached. This is mathematically only true if all airlines in the world on average stick to 
SBTi’s assumed (moderate) growth path. 
KLM combined their growth ambitions with the 30% intensity target to arrive at an absolute emis-
sion reduction of 12% between 2019 and 2030. The latter is in contrast with reductions of between 
40% and 55%, deemed necessary by climate science and the IPCC for all sectors, and agreed upon 
in Paris in 2015. Therefore, KLM’s statement that its target is ‘Paris-compliant’ might be true 
within the SBTi scenario, but is at odds with the wider climate science. This discrepancy is mainly 
caused by the idea that aviation is a ‘hard-to-abate’ sector, thus requiring a higher share of the 
world’s remaining carbon budget. However, the hard-to-abate status does not consider wider con-
siderations of climate justice both in terms of utilitarian and sufficientarian justice. Taking account 
of these forms of justice challenges the SBTi and sector air transport growth ambitions. 
In short, the outcome of our research is that aviation sector climate targets, including those of 
KLM, are unable to provide the absolute emission reductions deemed necessary by the IPCC sce-
narios. These targets cause aviation to overshoot its carbon budget share by 200% to 300%. Fur-
thermore, KLM’s 30% carbon intensity target and related 12% reduction of total emissions in 2030 
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with respect to 2019 is, also according to KLM’s Climate Plan, difficult to achieve. KLM’s emis-
sion reduction strategies comprise three main measures (‘activities’ in KLM’s language): sustain-
able aviation fuels (SAF) blending, efficient operations & logistics, and technological develop-
ment mainly through fleet renewal. This research found that the actions KLM proposes will realise 
two-thirds of the carbon intensity target and hardly reduce absolute emissions. The contracted, 
thus certain, measures will enable only half of the intensity target and cause a growth of KLM’s 
overall emissions by almost 6%. The only way to achieve climate just, absolute emission reduc-
tions, is by reducing the growth of or degrow the transport volume in 2030 by up to about a quarter 
of the 2019 volume, with probably further necessary reduction after that year.  
One important reason for the growth of KLM is its strategy to further develop its hub & spoke 
network, now already showing a high share (60%) of transfer passengers. Transfer passengers use 
Schiphol Airport as a place to switch between flights, but they do not come from or stay in the 
Netherlands. We found that an average transfer passenger causes more than double the CO2 emis-
sions compared to an OD-passenger, which is a passenger travelling to or from the Netherlands. 
KLM’s pricing policy is aimed at attracting large volumes of transfer passengers. Combined with 
the fact that even passengers themselves report substantial shares (18-31%) of their flights to be 
‘non-essential’ shows that there is ample room for a strategic change and make transport volume 
development a fourth pillar of the mitigation strategy. KLM’s current pricing strategy aims at ex-
panding the transfer market and its economic growth and turn-over, which reduces the overall 
passenger route efficiency by some 11-12% and adds to overall emissions of the travel. Our tenta-
tive analysis shows opportunities to substantially reduce the number of transfer passengers while 
retaining most of the current OD-connectivity and the viability of KLM’s OD-network. 
On the more positive side is the fact that KLM has a climate plan. Also, KLM’s efforts to be a 
frontrunner in sustainable aviation fuels and the fact that they performed a risk analysis of not 
being able to achieve the 30% carbon intensity target are positive contributions, as is acknowledg-
ing the challenges caused by the limitations of acquiring sufficient SAF. However, looking at the 
current performance and policies, the picture is more nuanced. For instance, the fuel efficiency of 
KLM’s current (2019) fleet is rather average. Also, we found the fleet renewal policy to be rather 
moderate. KLM is generally not an airline that buys the first aircraft coming from the production 
line of a new type. KLM is relatively often one of the last customers of an existing type, sometimes 
while newer types already entered the market. In this way KLM missed an additional 6% efficiency 
gain in 2030, out of the 12% fleet-renewal-related gains claimed in KLM’s Climate Plan. An im-
portant aspect of fleet renewal to combat emissions is that the current fleet renewal, when finalised 
by about 2035, will represent a one-off gain in efficiency. After 2035, it is unlikely that another 
major fleet renewal programme will be fully delivered before 2050, when, according to climate 
science, emissions should be reduced to zero.  
Another issue exists in difficulties to produce enough SAF. KLM is aware that biomass-based SAF 
will run into ever more severe resource issues. Therefore, KLM proposes to switch to the environ-
mentally superior alternative of SAF-E (e-fuels) as soon as possible, but is aware of the high re-
newal energy demand for producing these. KLM frames these limitations as an economic issue of 
supply and demand, but fails to discuss them in terms of climate justice and equity. Though KLM 
is aware of the difficulties in securing sufficient SAF to achieve its 2030 target and to become 
zero-emissions by 2050, it does not draw conclusions regarding the obvious limitations to its 
growth potential because of this. Therefore, KLM might also discuss the supply-driven part of the 
rise in demand for flying from the vantage point of a for-profit business, for instance by being 
clear about possible efforts to decouple volume growth from the company’s revenue and profit. 
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Finally, KLM has no specific non-CO2 climate impacts reduction policy, though it is involved in 
some research on this topic. Non-CO2 climate impact mitigation could be accomplished in straight-
forward ways by means of reducing transport volume. The application of SAF leaves most non-
CO2 emissions as they currently are, though flights with 100% SAF would create opportunities to 
more substantially reduce non-CO2 impacts.   
One commonly mentioned frame is that of aviation being a ‘hard-to-abate’ sector. This means that 
given a certain air transport growth, the technical means to reduce emissions are more limited 
compared to other sectors, and thus aviation should be eligible to get a higher share of the remain-
ing carbon budget. However, this ignores a just balance towards the other side of the equation: 
how important is every passenger-kilometre flown compared to the devastating impacts climate 
change is already causing. In a climate just world, lack of technology should be weighed against 
the possibility to remove the most harmful and least essential parts of demand and supply.  
Based on existing climate justice science, we developed an airline climate justice framework. From 
this framework, we identified that procedural justice and distributional justice are at play. Of dis-
tributional justice, both utilitarian and sufficientarian justice are considered. As regards utilitarian 
justice, we analysed the distribution of the shares of the remaining carbon budget, renewables (for 
e-fuels) and resource/land use (for other SAFs). Regarding sufficientarian justice, we identified 
the share of essential flights and demand growth assumptions as useful metrics to discuss. By 
providing the various arguments, we inform the political discussion. Therefore, we do not draw 
further conclusions from this part of the analysis.  
The overall conclusion is that, though KLM’s Climate Plan is rather unique in the world of airlines, 
the mitigation actions it proposes do not enable the airline to achieve a true and equitable mitiga-
tion strategy that is aligned with the 1.5 °C target recommended by science and IPCC. The climatic 
effectiveness and credibility of KLM’s Climate Plan might gain from a discussion about volume 
growth, network structure, and hub & spoke strategy, which would have to be removed out of the 
taboo sphere.  
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List of abbreviations and definitions 

Abbreviation/term Definition 

ATC Air Traffic Control 

BAU scenario ‘Business-as-usual’ scenario, a scenario assuming all policies remains 
they are and other influencing factors develop as ‘normal’ or ‘expected’. 

Carbon intensity 
metrics 

The carbon intensity metrics show the CO2-missions per unit of an activ-
ity. For aviation, three definitions are used: kg/pkm kg/skm and kg/rtk. 
Units can vary as sometimes not kg but grammes or pounds are used for 
the emissions part and the distance can be in km, nautical miles, statue 
miles or just miles. The difference between pkm and skm is the seat oc-
cupation rate: pkm=sor*skm. The difference between pkm and rtk is in 
the assumed weight equivalent of freight versus a passenger. In IATA 
statistics the ratio appears to vary between some 80 to 100 kg per revenue 
ton kilometre (IATA, 2020). 

Climate justice Climate justice is “justice that links development of human rights to 
achieve a human-centred approach to addressing climate change, safe-
guarding the rights of the most vulnerable people and sharing the burdens 
and benefits of climate change and its impacts equitably and fairly” (Al 
Khourdajie et al., 2022, p. 2913). 

CO2 emissions In this report we only look at direct CO2 emissions of burning fuel to fly 
aircraft 

CORSIA Carbon Offsetting and Reduction Scheme for International Aviation, de-
veloped and implemented by the ICAO. 

Direct flight A journey that comprises only one flight segment. 

ICAO International Civil Aviation Organisation, Montreal, Canada. 

Indirect flight A journey that comprises two or more flight segments. 

Journey A full journey is the travel between two airports, regardless of the number 
of flight segments. For instance, a trip from Amsterdam to Madrid, both 
the direct flight from AMS to MAD as the indirect flights through Paris 
(AMS-CDG-MAD) are considered as a ‘journey’ in this report 

KLM group as ap-
plied in this study 

This comprises KLM and KLM CityHopper. So, it excludes KLM UK, 
Transavia and Air France. 

KLM-passenger A passenger that makes use of KLM as operator for at least one segment 
of the whole journey.  
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Non-CO2 impacts The non-CO2 impact of aviation involve “nitrogen oxides (NOx), water 
vapor (H2O), soot and sulphate aerosols, and increased cloudiness due to 
formation of linear contrails and subsequent cirrus clouds” (Fuglestvedt 
et al., 2023, p. 5). 

OD-passenger Origin Destination passenger. Each passenger taking a journey that starts 
or ends at Amsterdam Schiphol Airport (AMS) 

Pkm Passenger-kilometre 

Rtk Revenue ton-kilometre 

SAF Sustainable aviation fuels 

SBTi Science Based Targets initiative 

Scenario A scenario is “a coherent, internally consistent and plausible description 
of a possible future state of the world” (IPCC, 2007a, p. 145). 

Segment A part of a journey involving a direct flight 

skm Seat-kilometre (unit for the of capacity an airline) 

Skm Seat-kilometre 

Tourist “A visitor (domestic, inbound or outbound) is classified as a tourist (or 
overnight visitor) if his/her trip includes an overnight stay” (UNWTO, 
2016). 

Transfer passen-
ger 

Each passenger taking a journey that only makes a transfer at Amsterdam 
Schiphol Airport (AMS), but flies from and to another airport. 
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1 Introduction  

 

1.1 Context of the study 
Aviation is widely considered an economically and socially (Klöwer et al., 2021b) beneficial sec-
tor. This positive contribution of aviation is undisputed, but it must be weighed against its averse 
environmental impacts relating to human health, ecosystems, and climate. Particularly, the justice 
implications in relation to the distribution of aviation production and consumption and the related 
environmental impacts, and the procedural arrangements shaping its environmental governance, 
are rarely discussed. Most studies and policies contain implicit assumptions about these. What our 
report intends to provide is to shed light on key distributive and procedural justice elements rele-
vant to aviation. It informs and contributes to debates about current aviation-related environmental 
policies in the light of the anticipated (future) growth of the aviation industry and the mitigation 
methods it proposes.  
KLM is rather unique to have a climate plan as we identified only two other airlines with a com-
parable document: JetBlue and Lufthansa. The fact that an airline drafts such a plan, means it sees 
the issue of climate change is real and of importance for the airline’s strategy. However, the value 
of such plans depends on the validity of the analyses and the effectiveness of the mitigation 
measures it proposes. The fact that KLM has a Climate plan, provides us with a unique opportunity 
to critically assess it ideas, impacts, assumptions and outcomes. Of course, we tried to be as ob-
jective as possible, to assess the climate plan, and the SBTi (Science Based Target initiative) target 
setting it is based on. By doing so, we hope to contribute to a more fact-based dialogue about 
airlines roles in (mitigating) climate change and to extend the scope of ongoing discussion with 
elements of climate justice and equity both with respect to the growth of air travel as well as the 
resource demand of proposed mitigation solutions.  
We analysed KLM's Climate Plan, second version (KLM, 2023a), with a specific focus on the 
stated 2030 intensity target of 30%, the absolute emission reductions in 2030, and with a long-
term outlook to 2050, required to fit in a 1.5 °C climate scenario. KLM’s target is based on guide-
lines from SBTi (SBTi, 2023a) and accredited by SBTi. In its Climate Plan, KLM claims that 
because of the intensity improvement of 30% and a continued moderate growth of 1.95%, their 
total emissions will reduce by 12% by 2030 compared to 2019. Recently, KLM (2024) made this 
12% absolute reduction an additional target, not required by SBTi. The KLM-proposed 12% ab-
solute emissions reduction contrasts with a range of Paris Agreement-compatible emission reduc-
tions following from recent climate litigation lawsuits, for instance, the 45% emissions reduction 
imposed on Shell by the court of justice in The Hague (May 26, 2021).  

Key Findings 

1. The main research question of our study is: how does the KLM climate plan realisti-
cally relate to the emission reduction targets of a general 1.5°C climate scenario, Dutch 
aviation policy, principles of climate justice, and legal climate obligations? 

2. The creation of just distributions of global aviation consumption and procedures for 
mitigating its environmental impacts is to be decided within political arenas, and not 
by scientists. 
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The Dutch aviation policy has set a CO2-ceiling or cap, in which 2030 emissions become equal to 
those in 2005 (Ministerie van Infrastructuur en Waterstaat, 2020), which implies a reduction of 
8% compared to 2019. After 2030, emission reductions should accelerate and reach half of the 
2005 emissions by 2050 and zero by 2070. Because almost all other sectors need to reach zero by 
2050, this shows the legislative exception aviation is currently granted. In section 6.4, we further 
analyse this aspect of target setting. Given this situation, it is important to evaluate the facts that 
may feed political discussions about whether the aviation industry’s longer term emission reduc-
tion/net-zero pathway and KLM’s corresponding emission reduction goals and actions towards 
2050 are reasonable, adequate, and trustworthy.  

1.2 Goals and research questions 
Our study has three aims: (1) to evaluate KLM’s goals for emissions and emissions intensity, 
which are based in SBTi, against a range of 1.5 °C scenarios; (2) assess the (realism and adequacy) 
of emission mitigation measures KLM (2023a) proposes and if these ‘reasonably’2 enable their 
goals for 2030 and 2050; and (3) look at the equity and climate justice implications of stated goals.  
We examine the feasibility and effectiveness of KLM’s proposed climate mitigation plans consid-
ering the remaining emissions budget and its current business model, integrating aspects of distri-
butional and procedural justice in our analysis. And that is what science can ultimately deliver. 
The creation of just distributions of global aviation consumption and procedures for miti-
gating its environmental impacts is to be decided within political arenas, and not by scien-
tists. We therefore recommend all readers of this report to take full responsibility for their opinions 
about the (in)justice of current distributional and procedural aspects of the production and con-
sumption of aviation and its governance.  
The main research question is: how does the KLM climate plan realistically relate to the emis-
sion reduction targets of a general 1.5°C climate scenario, Dutch aviation policy, principles of 
climate justice, and legal climate obligations?  

 
This question can be divided into the following sub-questions: 

1. What are the emission pathways and emission reduction targets of a 1.5 °C future and how 
do these relate to the aviation specific targets as proposed by the sector, governments and 
SBTi?  

2. How adequate are KLM’s proposed measures? What do they mean for KLM's total 
emissions and carbon budget up to 2050?  

3. How do KLM’s climate target and climate plan relate the Dutch aviation and climate 
change policy? 

4. What are the climate justice implications of KLM’s climate plan? 

Chapter 7 lists the answers to these questions and provides some general conclusions.  

 
2 Reasonable describes how likely it is or ‘in accordance with reason’. 
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1.3 Guide to the reader 
This report consists of seven chapters and a couple of Annexes. Section 2 gives some background 
to the methods applied. These involve the scenario method (2.2) as background for the discussion 
of scenarios in chapter 3, the method to assess climate justice (2.3), the scope of the assessment 
(2.4) and the data models used (2.5).  
Chapter 3 explores the climatic impacts of aviation and shows the main mitigation options in avi-
ation (3.1), followed by a description of aviation in climate policy at the global, European and 
Dutch level (3.2). In 3.3 aviation climate mitigation scenarios are investigated. Section 3.3.1 pro-
vides an overview of the scenarios and section 3.3.2 plots their pathways including one recom-
mended by climate science. The goal-setting scenario published by SBTi (2023b) and the scenarios 
this one is based on are discussed in 3.4, including the division of responsibilities between industry 
and government (3.4.1), the ICCT Vision 2050 Breakthrough Scenario (3.4.2) and its underlying 
IEA scenarios (3.4.3). Section 3.5 discusses the policy choices assumptions in the scenarios. 
Chapter 4 dives into the target setting by KLM for SBTi. The quality of the target with respect to 
the overall climate mitigation goals is discussed in section 4.2. Then we will assess whether KLM 
has followed the SBTi pathway (4.3.1), compare KLM to other SBTi-accredited airlines (4.3.2), 
and finally discuss the role of the hard-to-abate principle of KLM’s targets (4.3.3). The ‘feasibility’ 
of a target and the arguments for politically discussing feasibility are discussed in section 4.4.   
In chapter 5 we evaluate the climate plan of KLM. Section 5.2 describes KLM’s climate plan and 
its assumed effects, the following sections assess the three main elements of KLM’s Climate plan: 
fleet renewal (5.3), operational efficiency gains (5.4) and SAF (5.5). Section 5.6 discusses the 
consequences of the way in which KLM handles non-CO2 impacts. 
Chapter 6 assesses the KLM climate plan against an aviation climate justice framework. It provides 
data about inequalities regarding KLM’s current business model, current emissions budget and 
proposed mitigation in terms of how the benefits and burdens are distributed. After presenting the 
airline climate justice framework (6.1), we first describe the distributional utilitarian aspects of 
justice (6.2), including the share of the remaining carbon budget (6.2.1), how essential flying is 
(6.3.2), the provision of air travel to the least developed countries (6.3.3) and general considera-
tions of demand generation (6.3.4). Section 6.4 provides some insights regarding procedural jus-
tice, and particularly the hard-to-abate principle. Finally, section 6.5 provides an overview of these 
issues with respect to KLM’s Climate Plan.  

Finally, chapter 7 gives the conclusions and answers to the research questions of this study. 



 

 

  

17 

 

 
 



 

 

  

18 

2 Methods 

 

2.1 Introduction 
This chapter shortly explains the methods we used in this research.  The study is based on a liter-
ature review exploring both scientific and professional (grey) literature. This literature covers both 
theories and the application of the scenario method  (see section 2.2 and chapter 3), climate justice 
(section 2.3, and 6.1 and chapter 6) and more general literature about the relationship between 
aviation and climate change and its mitigation. The scope of our study is highlighted in section 
2.4. Furthermore, we analysed data (2.5) from a range of data sources, the most important ones 
being OAG Traffic Analyzer data (OAG, 2024) for the analysis of markets served by KLM and 
journeys (multiple leg trips) travelled by KLM’s passengers, aircraft fleet data (CH-Aviation, 
2024), and 2019 flights through Schiphol Amsterdam airport from Flight Radar (FlightRadar24 
AB, 2021).  
Overall, we applied a mixed method comprising literature study, scenario assessment, data anal-
yses, and a justice assessment method. Section 2.4 gives some details about the scope of the study.  

2.2 Scenario method 
The scenario method is commonly used to explore the future. The IPCC defines a scenario as “a 
coherent, internally consistent and plausible description of a possible future state of the world” 
(IPCC, 2007a, p. 145). In other words, based on a set of assumptions and a systematic description 
of the system you develop a scenario for, a consistent and logical future state of that system can 
be developed and described. There are several groups of scenarios. For example, scenarios can be 
‘exploratory’ versus ‘normative’, or ‘quantitative’ versus ‘qualitative’ (Gordon, 1992; van Notten 
et al., 2003).  
Exploratory scenarios, also called ‘what-if’ scenarios, describe plausible coherent futures based 
on a set of assumptions. Often, future studies start with describing a ‘business-as-usual’ (BAU) 
scenario, which basically assumes that policies remain as they are now, and no other disruptive 
external developments will occur. Such scenarios come closest to a projection of a future. Yet, 
while people often understand them as being ‘the most likely’, this is not the case. Policies always 
evolve and external forces always develop in an unexpected way thus changing the scenario out-
come.  
By contrast, normative scenarios describe ‘desired futures’, for example a world without any CO2 
emissions left. Subsequently the scenario is described in terms of assumptions, for instance about 
technological developments and policy measures needed to reach the desired future. Often, the 
term ‘backcasting’ scenario is used (Prideaux et al., 2003). Backcasting is a powerful approach in 
environmental studies of complex systems (Dreborg, 1996).  
Another scenario division is quantitative versus qualitative. Qualitative scenarios are purely based 
upon qualitative reasoning and can be useful to describe certain storylines (Riahi et al., 2007). 
Quantitative scenarios generally use models to describe a system and assess what happens when 

Key message: this chapter describes the methods used, which comprise literature study, scenario 
assessment, data analyses, justice assessment and the scope of the study.  
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assumptions change. As most scenarios describe the dynamics – the changes - of a system over 
time, such models often constitute simulations  (Peeters, 2013).   
In socio-economic studies, the time horizon of scenarios tends to be short to medium (up to a 
couple of decades), while in climate scenario studies, centuries are not uncommon. Most of the 
climate mitigation scenarios for aviation have a time horizon of 2050 (ATAG, 2021; EASA et al., 
2023; Van der Sman et al., 2021). ICAO (2022b) has developed  their LTAG (Long-Term Aspi-
rational Goals) scenarios until 2070 and Peeters and Papp (2023) until 2100. For aviation, it  is 
important to look at longer-term time scales, because of the very slow penetration of new technol-
ogy in the global aircraft fleet (Kallbekken & Victor, 2022) and because CO2- and non-CO2-effects 
have very different timescales (Klöwer et al., 2021b). These are centuries for CO2 and sometimes 
only days for non-CO2. In sum, it is important to emphasise that scenarios are planning tools for 
the future that make assumptions and their implications explicit.  
In their capacity as planning tool, scenarios can be technically assessed, for example to evaluate 
their feasibility with the purpose of informing policy debates, etc. (see section 3.3.2). But scenarios 
are also often used as political devices. Important choices about the scope of the system described 
in the scenario and many assumptions make certain futures seem achievable. However, these scope 
choices may obscure, for instance, potential disablers of the scenario because of a too narrow 
scope, or leave potential solutions out of the scope. In such way, certain political solutions may 
look grave, while they would be more palatable in a system with a wider scope (Andersson, 2020).  
For example, a too narrow scope might ignore the availability of certain resources, e.g. renewable 
energy. In such a case mandating more sustainable aviation fuels (commonly referred to as SAF) 
might seem a perfect policy, whereas in reality these SAFs may suffer from a lack of renewable 
energy resources needed for their production at the required scale (see section 5.5). Also, only 
looking at aviation will make any demand management policy reducing the volume of aviation 
look extremely undesirable, while deploying a wider scope and incorporating the wider travel and 
tourism industry may put this in a different perspective. Other parts of this wider industry may 
take over parts of the economic role of aviation, thus removing most of the socio-economic disad-
vantages of aviation-related demand management policies.  
In this report we will use quantitative results of a range aviation climate mitigation scenarios to 
show the validity of certain goals in the context of the IPCC scenarios (section 3.3.2). Furthermore, 
we will assess the storylines behind the scenarios to show the scope and attitude towards technol-
ogy’s solving ability, towards fair resource use and distribution, and with respect to eventual lim-
itations to demand volumes. 

2.3 Climate justice assessment method 
This section introduces and defines climate justice dimensions. The IPCC defines climate justice 
as “justice that links development of human rights to achieve a human-centred approach to ad-
dressing climate change, safeguarding the rights of the most vulnerable people and sharing the 
burdens and benefits of climate change and its impacts equitably and fairly” (Al Khourdajie et al., 
2022, p. 2913). Climate justice considers climate change as a moral issue. It pays attention to “how 
climate change impacts people differently, unevenly, and disproportionately” (Sultana, 2022, p. 
118), and seeks to address the resulting injustices in fair and equitable ways, reducing marginali-
sation, exploitation and oppression. For this report, we conceptualise climate justice for the avia-
tion policy context (hereafter referred to as framework for climate just aviation. Our framework is 
based on the justice framework designed to guide climate research developed by Zimm et al. 
(2024) (see Figure 1). This framework supplies five ‘policy contexts’ of justice the researcher 
needs to define. These contexts comprise the area, scope, form, metric, and pattern of justice. In 
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section 6.1 we develop a dedicated framework for the aviation industry and an airline (see also 
Figure 10).  



 

 

  

21 

 
Figure 1: Justice framework for climate research (Zimm et al., 2024, p. 23). Reprinted with the permission 
(by e-mail of 13-05-2024) by Caroline Zimm. 
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To analyse the relationship between aviation and climate justice we applied the following main 
line of assessment: 

1. We first draft an aviation climate justice framework based on the general framework 
developed by Zimm et al. (2024). 

2. We determine a general mitigation pathway for all sectors together delivering the Paris 
temperature goal of 1.5 °C and extract the ‘remaining carbon budget’ (RCB) for the world 
from this pathway. 

3. We then assess global aviation and the shares of RCB, and emissions policymakers assign 
to aviation and why they chose to do so.  

4. An important argument to set relatively mild goals for aviation is the assumption that 
aviation is hard-to-abate (Bergero et al., 2023). However, in this fourth step we analyse 
what role climate justice aspects play a role in the hard-to-abate argument, which generally 
takes business-as-usual demand growth and pure economic values as their starting point  

5. We then assess the equity dimensions of the solutions in terms of renewable energy and 
resource use and consider whether the mitigation measures suffer from the rebound effect 
(increasing demand rather than reducing total emissions) or consumes large amounts of 
resources and renewable energy. 

A final important note is about what science ultimately can deliver. Whether observed distributions 
of benefits and costs (in all social and economic terms) are ‘just’, is clearly something to decide 
within societal and political arenas. Scientists cannot give a final judgement to these. Therefore, 
we recommend all those readers and users of this report to take the full responsibility for opinions 
about the justice of certain inequalities and only refer to this report regarding the information the 
opinion is based on. 

2.4 Scope of the assessment 
We defined a certain scope for the assessment. The main choices were (unless mentioned other-
wise in the text): 

• With KLM we mean all activities of KLM and KLM CityHopper, but excluding KLM UK, 
Transavia and Air France. 

• We do not consider other emissions than scope 1 from burning aviation fuel. The scope 3 
(lifecycle) emissions from burning jet fuel add between 17.5% (IAEG, 2023), up to 28% 
(based on data in Table 35 by Klein et al., 2021). The difference is caused by the LCA 
methods, not by different fuels.  

• Furthermore, we ignored the scope 2 and other non-fuel scope 3 emissions. The reason is 
the relatively small share of these as shown by KLM’s CDP report (CDP, 2024a). This 
report shows scope 2 to be almost zero and the non-fuel scope 3 to be less than 10%. 
Furthermore, there is much uncertainty about such numbers as shown by Gössling et al. 
(2024).  

• Also, we do not multiply the direct emissions by a multiplier to arrive at so-called CO2e 
(CO2 equivalents) to account for non_CO2 emissions (see section I.IV in Annex I).  

• We consider only passenger transport. The reason is the complexity of adding freight as 
well. First, the detailed data we have access to does only provide passenger data. Second, 
the impact of adding the changes in the full-freighter aircraft (only three will be available 
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in 2030) has no significant impact on our carbon intensity and total emissions calculations. 
Third, The qualitative descriptions we give regarding the KLM’s business model can 
hardly be affected by omitting freight because the share of freight in KLM’s yield for 
passengers plus freight, vary between 8.8% (in 2019) to 10.2% in 2023 and with the note 
that freight yields rates strongly declined between 2021 and 20234, while those for 
passengers substantially increased, making it likely the freight share in total yields will 
further decline.  

• Regarding the justice issues, we focus on distributional equity issues for (renewable) 
energy and resources, which are manly connected to the production of sustainable aviation 
fuels. 

 

2.5 Data models 
In our study we made use of three main data sources: 

• Aircraft data from ch-aviation GmbH (CH-Aviation, 2024), which provides current and 
historic world fleets data, providing many properties from aircraft and engine type to seat 
numbers per cabin class. The data were primarily used for the analyses presented in section 
5.3 about fleet renewal. 

• Flight data for all flights to and from Schiphol Airport from FlightRadar (FlightRadar24 
AB, 2021), that were acquired for another study (Peeters & Reinecke, 2021), which helped 
to assess the aircraft kilometres, transport flows and emissions as applied in section 5.3. 

• OAG Traffic Analyzer data (OAG, 2024) provide the quantitative base for the analyses 
regarding passenger behaviour and ticket pricing by KLM passengers. The data were 
mainly used in section 6.3.1. 

Particularly, the data taken from OAG were sometimes rather large. To reduce the complexity and 
computation power and computational times involved in the analyses, we removed data with only 
1 or less passengers per month. This comprised 2.12% of all passengers, but removed 50.6% of all 
records, thus halving the size of the databases.  
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3 Aviation and mitigation scenarios 

 

3.1 Introduction 
A main research question of our study is to show to what extent aviation climate goals and miti-
gation strategies are aligned with emission pathways developed by the IPCC. In this chapter, we 
will try to find answers to that question. Therefore, we explore the aviation’s impact on the climate, 
how to mitigate these and to what level of emission goals. We do so by analysing a set of aviation 
mitigation scenarios and confronting these to what the IPCC considers to be necessary for all sec-
tors together. In the introduction (3.1) we explore the climatic impacts of aviation and show the 
main mitigation options in aviation. We then describe in section 3.2 aviation in climate policy at 
the global (3.2.1), European (3.2.2) and Dutch (3.2.3) levels. This part shows what mitigation 

Key Findings 

1. None of the aviation scenarios studied achieve the absolute emission reductions as 
deemed necessary by the IPCC scenarios. 

2. Setting only a near-term carbon intensity goal cannot guarantee to keep absolute emis-
sions to stay below a 1.5 °C pathway. 

3. SAF, efficient operations and logistics, technological development and, in rare cases, 
transport volume management are proposed in aviation sector mitigation scenarios as 
the three main mitigation options for reaching the near term (2030) target. Revolution-
ary technology like hydrogen/electric propulsion is generally considered to play no ma-
jor role in 2030. 

4. Most aviation scenarios delay emission reduction by 6-10 years, and do not achieve 
zero-emissions by 2050, because they assume the hard-to-abate principle, while not 
paying much attention to climate justice issues. Also, other transport modes, transport 
volume growth and non-CO2 impacts are generally omitted. 

5. The legal obligation to mitigate the risk of climate change is not explicitly addressed: 
most scenarios are based on assumptions of self-regulation by industry actors and reli-
ance on market-based measures.  

6. Most scenario studies fail to integrate arguments of equity and justice. 
7. The Breakthrough Scenario, underpinning the SBTi goal-setting scenario, acknowl-

edges that de-growth is necessary to achieve 1.5 °C emissions pathways, but the ulti-
mate SBTi scenario follows industry-projected demand trends. When SBTi would have 
taken demand as an outcome of climate justice compliant carbon budget limitations, 
we expect that global air transport volume growth would be substantially restricted or 
even have to decline in 2030 compared to 2019.  

8. The SBTi’s interim pathway relies on scenarios that put technological innovation cen-
tral and does not directly assume demand management measures. 

9. From the aviation mitigation scenarios, the SAF blending obligation comes forward as 
the most well-placed instrument to effectively reduce emissions within the sector up to 
2030. 
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measures policymakers aim at. We then investigate aviation climate mitigation scenarios in section 
3.3. Section 3.3.1 provides an overview of the scenarios and section 3.3.2 then proceeds with plot-
ting the scenario pathways including one recommended by climate science (the IPCC). We then 
zoom in to the goal-setting scenario published by SBTi (2023b) and the scenarios this one is based 
on (3.4). Against this context we discuss the division of responsibilities between industry and gov-
ernment (3.4.1), the ICCT Vision 2050 Breakthrough Scenario (3.4.2) and its underlying IEA sce-
narios (3.4.3). Finally, section 3.5 discusses the policy choices assumptions in the scenarios.  
Environmental concerns about air travel date back to the 1960s and 1970s, particularly regarding 
noise (Wheatcroft, 1991), caused by the introduction of faster, cheaper and more comfortable jet 
aircraft. But global warming was another issue triggering debate in the late 1980s. A milestone in 
understanding of the problem of aviation and climate change was published in an IPCC Special 
Report on aviation and the atmosphere (Penner et al., 1999). This report provided an overview of 
a myriad of ways in which aviation affected the atmosphere and climate change, and the size of 
the problem. The IPCC report showed that next to CO2 emissions, aviation also impacted the at-
mosphere because of other greenhouse emissions, because of emissions that change the composi-
tion of the higher atmosphere (around 10.000 km), and because aircraft cause condensation trails 
(‘contrails’, the white stripes in high the sky), and even additional warming when these contrails 
spread to create contrail-induced cirrus clouds. The cloudiness may seem to have a cooling effect, 
but that is only true during the day and when no other clouds are in the air, while during clear 
nights, any cloud has a strong warming effect. The effect of these non-CO2 effects is considered 
by most scientists to be significant, but the estimates of the size also vary significantly. See further 
section I.IV about ‘non-CO2’ impacts. 
Currently, aviation caused a total of about 1034 Mton in 2018, which was almost seven times the 
amount in 1960 (Fuglestvedt et al., 2023), and which is 2.4% of global CO2 emissions (Klöwer et 
al., 2021b). In terms of total contribution to global warming, aviation’s share is 4% (Klöwer et al., 
2021b). When aviation continues to grow like in pre-COVID times, roughly half of the total avia-
tion caused warming in 2050 would have been added after 2019, the other half being the remains 
of current warming (Klöwer et al., 2021b). An important further finding by Klöwer et al. (2021b) 
is that a decline of aviation volume by 2.5% per year between 2024 and 2050 would result in no 
net increase of global warming. The reason is that the reduction of the non-CO2 impacts in 2050 
would more than compensate for the additional warming caused by the additional CO2 emissions 
between 2019 and 2050. However, the impact of the CO2 emissions will continue for centuries 
and still be increasing after 2050, because in 2050 the emissions are halved, meaning they will still 
continue after 2050 and add to climate change. Lee et al. (2023, p. 1) conclude in their abstract 
that if “aviation is to contribute towards restricting anthropogenic surface warming to 1.5 or 2 °C 
then reduction of emissions of CO2 from fossil fuels remains the top priority”. 
While Penner et al. (1999) provided several options for mitigation of the climatic impact of avia-
tion (both CO2 and non-CO2), these were all based in reducing the emissions. The problem of such 
an approach is that a reduction of CO2 emissions does not reduce the impact on climate change, 
but only the speed with which the climate is changing. Only zero-emissions can stop the climate 
changing but cannot reduce the temperature back to pre-industrial levels.  
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Table 1: Overview of mitigation option and their impact on zero-emissions. 

Category Mitigation option Kind of impact Zero CO2 
possible? 

Efficiency Improve air traffic control 
(ATC) 

A one-off reduction of 2-10% as 
ATC is 90-98% efficient. 

No 

Efficiency Improve directness of 
passenger flights 

Currently, the pricing system in-
vites passengers to fly indirect. 
Provides a one-off opportunity to 
reduce emissions 

No 

Contrail avoid-
ance (non-CO2 
impacts)  

Fly routes where less or 
no contrails develop 

Avoids contrails and contrail-in-
duced cirrus clouds; increases 
CO2. 

No 

Technology Conventional aircraft 
technology 

Up to 15% efficiency improve-
ments per new generation of air-
craft every 15-25 years 

No 

Technology Revolutionary technol-
ogy 

Requires full new design around 
hydrogen and either jet engines 
(non-CO2 not solved) or fuel cell-
electric (non-CO2 potentially 
solved) 

Yes 

Fuel (SAF) Biofuel (SAF-B) Large environmental and land-
use issues 

No 

Fuel (SAF) Fuel from waste 
(SAF_W) 

Issues with feedstock availability 
in a zero-emissions economy, 
which has little waste; means at 
best temporarily available until 
about 2040 

Maybe 

Fuel (SAF) E-fuel (SAF-E) from di-
rect air capture of carbon 

Issues with renewable energy 
availability 

Yes 

Volume reduc-
tion 

Reduced volume of flight 
by improving business 
models and removing 
least relevant flights 

Volume reduction reduces the 
speed of climate change and im-
proves opportunities for zero-
emissions of CO2 in a climate 
justice way 

As stand-
alone meas-
ure only 
when flying 
is fully 
abandoned 

 
Table 1 shows the different options and what these can do with respect to zero-emissions of CO2. 
In general, efficiency improvements do help to reduce the mitigation challenge, but can in them-
selves never achieve zero emissions. The only two options for zero are sustainable aviation fuels 
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(SAF) and revolutionary technology. The advantage of SAF is that it can be used in current aircraft 
(Schäppi et al., 2022). There are three main types of SAF: biofuel, waste-based SAF and e-fuel. 
Only e-fuel can theoretically deliver zero-CO2 emissions if it is based on direct air capture of CO2 
and 100% renewable energy. E-fuels are the only opportunity for zero-emissions, but only when 
the volume of aviation is no longer growing, because of energy constraints (Peeters & Papp, 2023). 
The second option, revolutionary technology, is taking shape (Warwick, 2023) but even Airbus 
CEO Faury says the development goes too slow (Flottau, 2022). The reasons for this are that con-
ventional aircraft will dominate the fleet until 2050 because over ten thousand are on order to be 
delivered in the coming decade and because such aircraft have an operational lifetime of decades. 
Furthermore, developing new conventional aircraft types already takes ten years from the devel-
opment decision to the first delivery. Developing revolutionary new aircraft designs with hydro-
gen, fuel cells and electric engines for all major range-capacity classes of aircraft is a task that 
simply cannot be accomplished before 2050. That is, from 2050 onwards, there is some chance 
that conventional aircraft will start to be replaced by those new types, a process that will take until 
2080-2090 to be fully accomplished. The technology is necessary to remove some of the con-
straints caused by e-fuels, but it comes far too late for zero emissions in 2050, a prerequisite for 
any reasonable climate scenario (Peeters & Papp, 2023). 
For the aviation sector, this leaves SAF, efficient operations and logistics and reducing air 
transport volume as the three main mitigation option for reaching intermediate climate tar-
gets. For zero-emissions, revolutionary technology, and hydrogen/electric propulsion, will 
not be able to play a major role.  

3.2 Aviation in climate policy 

3.2.1 Global climate policy 

Global climate policy is currently based on the Paris Agreement (UNFCCC, 2015). In the Paris 
Agreement, the signatory countries (the parties), are only responsible for emissions within their 
territorial borders. International aviation and international shipping emissions are not directly men-
tioned. However, Article 4 of the Paris Agreement, states “the Parties aim to achieve a balance 
between anthropogenic greenhouse gas emissions and sinks – in other words, complete decarbon-
ization and climate neutrality – in the second half of this century. Since emissions from aviation 
and maritime transport are clearly anthropogenic, they fall within the scope of the Paris Agreement 
goals even without being explicitly mentioned” (Cames et al., 2023, p. 5).  
The omission of a direct reference to international aviation or ICAO in the Paris Agreement does 
introduce ambiguity as to what part it should play in achieving the global goals (Fuglestvedt et al., 
2023). This is problematic as studies show that the goals of the Paris Agreement cannot be 
achieved without aviation contributing to emission reduction (Cames et al., 2015). International 
aviation represents some 65% of the current annual CO2 emissions from the entire sector (Fleming 
& de Lépinay, 2019), the remaining 35% being domestic air travel, which falls under the respon-
sibility of nations. Next to the unclear role of ICAO in the Paris Agreement, the complexity of the 
physical impacts of aviation is challenging for policymaking (Fuglestvedt et al., 2023). 
In 2016, ICAO introduced two policies to mitigate aviation’s contribution to climate change: a 
carbon standard for new aircraft types (ICAO, 2017)and the Carbon Offsetting and Reduction 
Scheme for International Aviation  (CORSIA; ICAO, 2023). The carbon standard has set a limita-
tion on the CO2 emissions per one km flown as a function of the aircraft’s certified maximum take-
off weight. Aircraft manufacturers desiring to certify a new aircraft type, need to show compliance 
through a series of test flights. The standard is a constant for a longer period in the future and 
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because new aircraft will always be substantially more fuel efficient, is not expected to have any 
substantial impact on the future emissions of aviation (Peeters, 2017). The CORSIA global market-
based measure aims to facilitate ‘carbon neutral growth’ for international aviation from 2020 
(Larsson et al., 2019; Scheelhaase et al., 2018). Under CORSIA, airlines are obliged to offset their 
increase in emissions after 2019 by purchasing credits from emission mitigation projects outside 
the sector. Between 2020 and 2027 the system is voluntary, but after that it becomes mandatory 
for most countries. CORSIA has been found to be insufficient to get (international) aviation to 
develop in a Paris-aligned manner, see section I.I of Annex I and Grewe et al. (2021).   

3.2.2 EU climate policy 

The EU has not installed specific emission reduction targets for aviation, but regulates domestic 
and international aviation emissions through several instruments (e.g. Grebe et al., 2024). The 
Emissions Trading System (ETS) requires airlines to submit emission allowances for all intra-EEA 
flights. Free allowances are to be phased out over the period 2024-2026. The cap of allowances 
made available will decrease annually and reach zero around 2040 (Grebe et al., 2024).  
Another EU measure regulates the introduction of SAF. For this purpose, the European Commis-
sion developed ReFuelEU (European Parliament, 2023). This deal includes a blending obligation 
for SAF for all departing flights from EU airports. The minimum share of SAF starts with 2% in 
2025. From then the share should gradually increase to 6% (2030), 20% (2035), 34% (2040), 42% 
(2045), and finally 70% in 2050. SAF-E is mandated to a specified share of the fuel mix rising 
from 1.2% in 2030 through 2% in 2032 and 5% in 2035, until it reaches 35% in 2050 (European 
Parliament, 2023). SAF types that are allowed to contribute to the blending obligation are renew-
able synthetic fuels, renewable hydrogen, certain categories of biofuels, and recycled jet fuels pro-
duced from waste gases and waste plastic. Biofuels which are based on feed or food crops, or 
derived from palm and soy materials, are not considered sustainable (Grebe et al., 2024). 
The revised Renewable Energy Directive (RED3). RED3 includes a target for renewable energy 
in transport, including aviation, and a sub-target for Renewable Fuels of Non-Biological Origin 
(RFNBOs) and advanced biofuels.  
The Energy Tax Directive (ETD). In the revision of the ETD it is proposed to include aviation 
fuels into the scope, introducing a minimum tax rate for intra-EU passenger flights, but agreement 
on this proposal is not expected in the short-term. Grebe et al. (2024) consider the SAF blending 
obligation the most well-placed instrument to effectively reduce emissions within the sector, 
although it has its limitations due to the small share of SAF blending required in the coming years. 

3.2.3 Dutch aviation climate policy 

The current (outgoing) Dutch cabinet policy plans for aviation include the stimulation of SAF 
through blending and investments in the development of synthetic kerosene production, and for 
example the discouragement of flying short distance and stimulating rail travel in Europe as alter-
native (VVD et al., 2022). They also intended the implementation of a number of proposals from 
the long-term policy document on aviation, the Luchtvaartnota (Ministerie van Infrastructuur en 
Waterstaat, 2020), such as an increased passenger ticket tax and the introduction of an aviation 
CO2 ceiling for departing aircraft from Dutch airports (I&W, 2020). The Luchtvaartnota intends 
to adopt the Sustainable Aviation Agreement’s (Sustainable Aviation Table, 2021) absolute CO2 
emission targets – the ceiling - for the Dutch aviation sector: equal 2005 emissions in 2030, halving 
2005 emissions in 2050, and zero emissions in 2070. The SAF shares proposed for the Netherlands 
are more stringent than those of ReFuelEU but may not be allowed by the European Commission.  
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3.3 Aviation and climate scenarios 

3.3.1 Introduction to scenarios 

A main subject of this report is to show to what extent aviation climate goals and mitigation strat-
egies are aligned with emission pathways developed by the IPCC. Starting point for this reasoning 
is the emissions pathway the natural sciences tell us is required to stay below 1.5 °C during the 
current century. From the five ‘Illustrative Mitigation Pathways’ for 1.5 °C given by the IPCC, we 
chose the LD scenario which assumes “efficient resource use as well as shifts in consumption 
patterns globally, leading to low demand for resources, while ensuring a high level of services and 
satisfying basic needs” (IPCC, 2022b, p. 23). The other four scenarios assume high levels of very 
uncertain negative emissions (IMP-Neg and IMMP-GS), very high levels of renewables (IMP-
Ren), or a strong focus on other sustainability goals (IMP-SP). We made this choice because it is 
the least damaging, most climate just scenario provided in IPCC 6th Assessment report.  
Scenarios are essentially planning tools that are commonly used in corporate environments (Godet 
& Roubelat, 1996). As we showed in section 2.2, they describe consistent futures based on as-
sumptions. Scenarios are often used to inform business strategy and policymaking. An often-made 
error is that scenarios ‘predict’ any future, or that some scenarios are ‘more likely’ than other 
scenarios. But that is not the case because it is impossible to ‘predict’ the range of assumptions 
scenarios are based on. Correct use of scenarios is to get a sense of what the effect is of certain 
management measures or policies – these can be anything from legal to economic policies or even 
assumption about certain behavioural or cultural developments. But the specific assumptions al-
ways lead to certain outcomes. By applying inadequate, inconsistent, or incomplete assumptions, 
scenarios may produce problematic future visions. This makes scenarios also tools for communi-
cating certain desired futures by companies or policymakers (Beck, 2009), and for projecting vi-
sions of industry futures which are inherently inconsistent or plainly impossible (Andersson, 
2020). Thus, scenarios also function as political tools: they make certain futures seem realis-
able and prominent, while obscuring alternative futures. 
Various recent aviation emissions reduction scenarios and reports are currently in circulation. In 
this analysis (for practical reasons) we focus on six of these that are widely known and cited and 
that also show a range of different approaches. Four reports present aviation scenarios (ATAG, 
2021; Graver et al., 2022; ICAO, 2022b; Van der Sman et al., 2021), one a tourism scenario 
(Peeters & Papp, 2023), and one an environmental performance overview of the sector (EASA et 
al., 2023).  

 
Table 2: Overview of some characteristics and assumptions of the six scenarios we considered. Sources: see 
text. 

Title Type 
(scope) 

Aviation demand  

 

Alternative fuels Demand manage-
ment 

Are justice aspects 
included?  

Waypoint 
2050 

(ATAG, 
2021) 

Scenario re-
port 
(global) 

Assumes demand is 
autonomous. Impacts 
of transition and cli-
mate change not mod-
elled in.  

Optimistic. As-
sumes most eco-
nomic use of feed-
stock and energy 
sectors modification 
to meet aviation de-
mand. 

In-sector only. Calls 
for full policy support 
for technological inno-
vation and energy sys-
tem measures that 
channel feedstock to 
aviation. Explicitly op-
poses demand manage-
ment. 

Marginally  
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Title Type 
(scope) 

Aviation demand  

 

Alternative fuels Demand manage-
ment 

Are justice aspects 
included?  

Long-term 
aspirational 
goals 
(ICAO, 
2022c) 

Scenario re-
port 
(global)  

Assumes demand re-
sponds to transition 
costs.  

Careful concern. 
Mentions some 
challenges ahead 
due to regional vari-
ations of supply 
caused by combina-
tion of factors.  

 

 

In-sector only. As-
sumes only policy ena-
blers for fuels, technol-
ogies and operations. 
Does not mention de-
mand management.  

No 

European 
aviation en-
vironmental 
report 2022. 
(EASA, 
2022) 

Sector per-
formance 
report 
(EU+) 

Assumes demand re-
sponds to transition 
costs and (perceived) 
effects of climate 
change.  

Concern. Highlights 
enormous chal-
lenges ahead in 
terms of energy pro-
duction scale-up and 
securing renewable 
electricity also re-
quired by other sec-
tors.  

Integrated (in-sector 
and out-of-sector). 
Considers aviation in 
terms of EU energy 
transition policy. 
Strives for policies ad-
dressing both CO2 and 
non-CO2-effects of 
aviation.  

No 

Destination 
2050. (Van 
der Sman et 
al., 2021) 

Scenario re-
port (EU+) 

Assumes demand re-
sponds to transition 
costs and (perceived) 
effects of climate 
change. 

Critical concern.  

Highlights enor-
mous challenges 
ahead, given current 
and projected air 
travel demand, in 
terms of energy pro-
duction scale-up and 
securing renewable 
electricity also re-
quired by other sec-
tors.  

Integrated (in-sector 
and out-of-sector). 
Problematises current 
demand levels. Relies 
heavily on demand 
management measures 
until 2030, in combina-
tion with other 
measures (in-sector 
and out-of-sector).  

Marginally 

Vision 2050 
(Break-
through Sce-
nario) 
(Graver, 
2022)  

Scenario re-
port 
(global) 

Assumes demand re-
sponds to transition 
costs.  

Optimistic. As-
sumes enormous 
scale-up of produc-
tion and related pol-
icy support. 

In-sector only. As-
sumes full policy sup-
port for technological 
innovation and energy 
system measures that 
channel feedstock to 
aviation. Does not con-
sider demand manage-
ment but assumes 
global fuel tax and 
gradually increasing 
fossil jet ban starting 
after 2030. 

Marginally 

Envisioning 
2030 zero-
emissions 
tourism sce-
nario  
(Peeters & 
Papp, 2023) 

Scenarios 
report, 
global, alle 
travel and 
tourism 

Taxes and subsidies, 
and cost of alternative 
fuel affect demand 
and transport mode 
choice.  

Assumes S-curve 
introduction to 
100% but balanced 
against renewable 
availability at global 
scale. 

Assumes demand 
measures, particularly 
an UN-governed 
global airport slot cap. 

Yes 
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Four reports are global in scope (ATAG, 2021; Graver et al., 2022; ICAO, 2022b; Peeters & Papp, 
2023), two mainly focus on Europe (EASA et al., 2023; Van der Sman et al., 2021). Three reports 
marginally address justice aspects, one more in-depth (see Table 2). Furthermore, Table 2 shows 
that demand management is virtually absent in the aviation industry- and sector-initiated scenarios, 
but shows in the broader tourism scenario (Peeters & Papp, 2023).  

3.3.2 Aviation scenarios compared to the IPCC baseline 

The aviation sector and science have developed a range of scenarios exploring ways to fit into the 
Paris Agreement emission pathways for a 1.5 °C future. This means, the scenarios described below 
are all intended to show how aviation can be Paris compatible, with the exception of the EASA 
scenario (EASA et al., 2023) and the ICAO LTAG scenarios (ICAO, 2022b). Important features 
of the scenarios are the near-term (2030) and long-term (2050) reductions, the reference year for 
reductions, the total accumulated emissions until 2050, and the policies assumed to achieve the 
emissions pathway. To assess whether aviation scenarios follow the Paris Agreement pathway for 
all sectors together, we take the most ‘climate risk-free’ scenario given by the IPCC. This scenario 
is one of the series of “C1” scenarios that limits warming to 1.5°C (>50% certain) “with no or 
limited overshoot” from (Figure 3.6 in IPCC, 2022b, p. 311) as the benchmark. Also, it assumes 
“efficient resource use as well as shifts in consumption patterns globally, leading to low demand 
for resources, while ensuring a high level of services and satisfying basic needs (IMP-LD)” (IPCC, 
2022b, p. 23) or “strong emphasis on low demand for energy” (IPCC, 2022b, p. 77). However, 
this scenario still does assume some negative emissions, mainly from land-use change. Its basis is 
the SSP1-1.9 scenario also depicted ‘very low emissions’, for which an overall CO2 emissions 
pathway is given by IPCC (2021, p. 88). This scenario comes at 42.3% reduction in 2030 compared 
to 2019. Note that the IMP-LD scenario assumes a sectoral approach in which the overall transport 
sector is given a lower reduction of 37%. The reasons for allowing a lower reduction for transport 
is not entirely clear from the IPCC AR6 reports but seems to be based in a mix of the perceived 
lack of technical solutions and the higher cost of abatement compared to other sectors, a way of 
assessment developed by Nordhaus (2008). As we consider this an argument that is not based in 
climate science, we will take the CO2 emissions, and not the negative emissions corrected net-
emissions, as the reference for our analyses. It is based in the IPCC special report about 1.5 °C 
(IPCC, 2018, pp. SPM-15): “In model pathways with no or limited overshoot of 1.5°C, global net 
anthropogenic CO2 emissions decline by about 45% from 2010 levels by 2030 (40–60% interquar-
tile range), reaching net zero around 2050 (2045–2055 interquartile range)”. Legally there is sup-
port for a 45% net-reduction (over 2019) from the reasoning by the lawyers of a group Dutch 
NGOs in the case against Shell (Milieudefensie c.s., 2022). This figure is between the two IPCC 
scenarios shown in Figure 2. In this case 2019 rather than 2010 was chosen as reference, because 
of a data gap for 2010. 
Taking this IPCC scenario as a baseline, we assessed a range of aviation dedicated scenarios and 
plotted the index (2010=1.0) of the absolute emissions pathway between 2010 and 2050 in Figure 
2. Clearly, all aviation scenarios follow a less stringent pathway than IPCC, except the ‘Envision-
ing 2030’ scenario (Peeters & Papp, 2023). Generally, emissions are hardly reduced by 2030 (with 
respect to 2019). Also, the global aviation scenario developed by SBTi (2023b), which forms the 
basis for KLM’s and other airlines’ claims to be Paris-aligned, follows a delayed emission reduc-
tion scenario, which stay roughly at 2019 levels up to 2030, after which it starts to decline to close 
to zero in 2050. We show that two scenarios - LTAG-IS1 (Long-Term Aspirational Goal Integrated 
Scenario number 1) and LTAG-IS3 – published by ICAO (2022a) and a scenario published in the 
2022 Environmental Report of the European Union Aviation Safety Agency (EASA et al., 2023) 
- fail to achieve zero emissions by 2050. The scenario provided by the Air Transport Action Group, 
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the Waypoint 2050X scenario (ATAG, 2021), and the Destination 2050 scenario (Van der Sman 
et al., 2021), calculate moderate emissions by 2050.  
 

 
Figure 2: Indexed (2010=1.0) emission development for a range of aviation scenarios as compared to the 
IPCC 1.5 °C scenario accounting for all sectors. Notes: 

1. IPCC (SSP1-1.9) assumes substantial negative land-use emissions, while the IPCC (IMP-LD) shows only 
the CO2 emissions, not the negative land-use equivalents.  

2. All aviation scenarios are intended to show Paris compatibility, except for the ICAO LTAG IS1 scenario. 
Sources, see main text. 

3. The Envisioning 2030 data have been slightly smoothed for 2030, 2040 and 2045. 

 
The conclusion is that none of the aviation mitigation scenarios follows a 1.5 °C IPCC pathway 
for all sectors as provided from science. All assume that aviation is hard-to-abate, and that, be-
cause of that reasoning, it is justified to assign a relatively high carbon budget to aviation as com-
pared to other sectors. This reasoning ignores the argument of the necessity of demand, and the 
UNFCCC equity and Common but Differentiated Responsibilities and Respective Capabilities 
(CBDR-RC), which is not deliberately influenced with measures in any of the scenarios except in 
Envisioning 2030 (Peeters & Papp, 2023). In most other scenarios the cost changes due to mitiga-
tion, allowing for some negative impact on growth rates.  
SBTi (2023b) defined only one specific target for airlines, which is a 30% improvement of the 
carbon intensity (kg/pkm) in 2030 compared to 2019. Figure 3 shows the carbon intensity for the 
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same scenarios as presented in Figure 2. EASA and LTAG IS1 show a relatively shallow improve-
ment, while the ATAG, SBTi and Destination 2050 scenarios reach improvements of over 90%, 
but not zero. The Envisioning 2030 scenario shows a strong improvement between 2019 and 2030. 
This has mainly to do with the combined restriction of airport capacity and the availability of e-
fuel. The reduced growth of air travel enables higher shares of e-fuel for the same given develop-
ment of e-fuel production facilities resulting in higher shares of fuel being replaced.  

 
Figure 3: The improvement of the carbon intensity measured in kg CO2 per pkm as index of 2019. Note that 
the Envisioning 2030 data were slightly smoothed in 2030 and 2040 to avoid some ‘spiky’ behaviour. 
Sources, see text. 

Formulating a climate goal in terms of efficiency is problematic from a climate science perspective 
because the temperature is governed by the concentration of CO2 and other GHGs in the atmos-
phere, and thus the speed of climatic change is a direct function of absolute emissions, while effi-
ciency only forms part of the equation. The ICAO LTAG (IS1) scenario, which is close to BAU, 
shows an efficiency improvement in Figure 3, but at the same time a strong increase of the total 
emissions in Figure 2. The overall conclusion is that none of the aviation scenarios achieves 
absolute emission reductions as deemed necessary by the IPCC scenarios and setting only a 
near-term carbon intensity goal cannot guarantee to keep absolute emissions to stay below a 
1.5 °C pathway.  

3.4 SBTi’s interim pathway and underlying scenarios  

3.4.1 Responsibilities for industry and government 

Because the SBTi scenario plays such a prominent role in company target setting, we now discuss 
a bit deeper what the underlying assumptions of the SBTi scenario are. The SBTi takes businesses 
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as unit for science-based target (SBT) setting and, when possible, SBTi first determines the target 
for an individual business via sector targets (Andersen et al., 2021). A question is how the respon-
sibilities are divided between governments and industry. From a recent legal analysis, it appears 
that industry actors also have a legal obligation in mitigating the risks of climate change (A 
Dehon, 2021; Armstrong, 2022). SBTi might play a role in this process. The SBTi focuses on SBT 
setting and related communications and not on (guidance for) SBT implementation. Instead, it 
presents SBTs as a low-threshold corporate communications tool for firms to demonstrate climate 
leadership in the face of increasing societal pressure and, potentially, to delay more ambitious 
public climate policies (Peeters, 2023). The current SBTi aviation scenario is the ‘interim 1.5°C 
sector pathway for aviation’ (SBTi, 2023b). Key underlying scenarios of the interim 1.5° C sector 
pathway are the Vision 2050 Breakthrough Scenario of the International Council on Clean Trans-
portation (ICCT) (Graver, 2022), and two scenario reports of the International Energy Agency 
(IEA): the Net Zero Emissions (NZE) scenario (IEA, 2021) and the Sustainable Development Sce-
nario (SDS) (IEA, 2019). We therefore take a closer look at these documents below.  

3.4.2 ICCT Vision 2050 Breakthrough Scenario 

The SBTi interim pathway states that it is derived from the Breakthrough Scenario of ICCT Vision 
2050 (Graver, 2022). SBTi highlights that this Breakthrough Scenario is institutionalised (has 
global aviation industry support): in a footnote it explains that this scenario supported the devel-
opment of a 2050 net-zero CO2 goal for international aviation, agreed upon by ICAO in 2022 
(SBTi, 2023b). The Breakthrough Scenario is highly ambitious (hence the name). It assumes, 
among others, a peak in fossil jet fuel use in 2025 and an elimination of fossil jet fuel by 2050; 
projected demand and technology changes that are sufficient to align with a net-zero CO2 by 2050 
goal with limited removals, but that are also deemed plausible according to industry air traffic 
forecasts (SBTi, 2023b). It brings aviation to 1.75° C of global warming by the end of the century. 
The remaining emissions reductions should thus come from out-of-sector measures that are not 
modelled in.  
Examining the interpretations and assumptions relating to air travel demand, feedstock supply, and 
policy enablers, we find that air travel demand is indirectly addressed. It uses traffic demand fore-
casts plausible to industry trends as model input but assumes what it calls an annual ‘demand 
response’ because of carbon price changes that are largely driven by a cost increase of alternative 
jet fuels. It subsequently anticipates 7% less air traffic because of this and modal shifts (plane > 
train) on short-haul routes in Europe, resulting in a 4% air travel demand decline.  
Similar to Waypoint 2050 (ATAG, 2021), the Breakthrough Scenario is optimistic about feedstock 
supplies, but simultaneously acknowledges that the scaling of SAF has been slow to date and that 
there are supply constraints for biomass feedstock. But it nevertheless assumes an acceleration 
because of proposed fuel mandates. It recognizes that (uncertain) renewable electricity supply is 
key to accomplishing the scenario (see Van der Sman et al., 2021), but simultaneously caps biofuel 
supply at 100 million tons (equivalent to IEA NZE 2040 supply) and assumes all subsequent al-
ternative fuel supply comes from e-fuels.  
In terms of policy enablers, the Breakthrough Scenario is again closest to Waypoint 2050 (ATAG, 
2021). It also limits itself to policies that mainly serve aviation industry interests through in-sector 
measures. Current air traffic growth is considered as a problem but not directly addressed. Curbing 
growth is considered as a by-product of fuel price increases that generate the funds necessary to 
promote alternative fuel uptake and production. Alongside, it places the ball in the court of poli-
cymakers. It argues that “out of sector actions and significant curbs to direct traffic growth would 
be needed to align aviation with a 1.5°C temperature goal” (Graver et al., 2022, p. iii), but “activity 
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growth for the sector under the Breakthrough scenario is consistent with aviation traffic projections 
developed by the industry” (Graver et al., 2022, p. 3) such as described by ATAG (2021). The 
Breakthrough Scenario acknowledges that de-growth is necessary to achieve 1.5 °C emis-
sions pathways, but the SBTi scenario simply follows industry-projected demand trends.  

3.4.3 IEA scenarios the ICCT Vision 2050 Breakthrough scenario 

The second scenario inspiring the SBTi interim pathway is the IEA’s Net Zero Emissions (NZE) 
scenario (IEA, 2021). NZE sets out what needs to happen to transform the global economy from 
fossil fuel-based to renewable energy-based. Under NZE, SBTi states, aviation is treated as hard-
to-abate, “therefore qualifying it for a larger share of future emissions under that framework” 
(SBTi, 2023b, p. 3). NZE indeed accepts – given that most of the technologies needed to reduce 
aviation emissions are still in prototype phase – that fossil fuels are still used in aviation in 2050 
(it anticipates that just over 10% of total unabated global emissions come from aviation that year) 
and expects that these emissions will be offset by negative emissions elsewhere (IEA, 2021). Other 
than the ICCT Vision 2050 Breakthrough Scenario, NZE explicitly assumes that aviation growth 
“is constrained by comprehensive government policies that promote a shift towards high-speed 
rail and rein in expansion of long-haul business travel, e.g. through taxes on commercial passenger 
flights” (IEA, 2021, p. 135).  
The Breakthrough Scenario and SBTi’s interim pathway stay below the NZE scenario (with lower 
cumulative emissions) and are stated to be consistent with limited global warming to 1.5°C, with-
out overshoot. The Breakthrough scenario shows a more gradual decrease of emissions in the pe-
riod 2025-2030 than the NZE scenario. To compensate for this and set a higher near-term ambition 
level, the SBTi interim pathway adopts the Sustainable Development Scenario (SDS) for the pe-
riod 2023-2031, and the Breakthrough scenario for 2032-2050. The SDS puts technological inno-
vation central. Main trajectories for decarbonisation are electrification of end use sectors; use of 
CO2 Capture & Storage (CCS); the use of low-carbon hydrogen; and the use of bioenergy. 35% of 
cumulative emissions reductions come from technologies in prototype or demonstration phase; 
40% come from technologies not yet commercially deployed at the time of publication (IEA, 
2019).  
Consequently, the SBTi’s interim pathway relies on scenarios that put technological innova-
tion central and does not directly assume demand management measures. 

3.5 Policy choices in aviation scenarios 
To understand the policy choices underlying scenarios, we drafted Table 21 (see Annex II). This 
table assesses eight policy assumptions or dogmas. Four scenarios (ATAG, 2021; EASA et al., 
2023; ICAO, 2022b; Van der Sman et al., 2021) delay emission reductions until after 2030 and 
true zero-emissions until after 2050, one scenario (SBTi, 2023b) achieves net-zero by 2050 but 
minor reductions until 2030 and the last scenario (Peeters & Papp, 2023) manages about 50% 
reduction by 2032 and true zero by 2050. The attitude towards technology is rather mixed but 
directly connected to the emission reductions outcome. Two scenarios (EASA et al., 2023; ICAO, 
2022b) are hesitant to technological development,  two are optimistic (ATAG, 2021; Van der Sman 
et al., 2021) and two medium optimistic (Peeters & Papp, 2023; SBTi, 2023b). In general, some 
20-40% reduction is expected from technology, though it is often unclear what technology baseline 
development is assumed. It seems that most scenarios assume a baseline with fixed-technology, 
which is not a fair baseline, because the trend-wise growth is to a large extend generated by the 
trend-wise emission improvements. Most scenarios show concern about resources (EASA et al., 
2023; ICAO, 2022b; Peeters & Papp, 2023; SBTi, 2023b; Van der Sman et al., 2021), but one 
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(ATAG, 2021) assumes that the demand for SAF-B/W feedstocks will generate enough economic 
power to get that available for aviation. There is no mention of the impacts of such a development 
for other sectors. Unequal renewable energy use for aviation shows no equity constraints in three 
scenarios (EASA et al., 2023; ICAO, 2022b; SBTi, 2023b; Van der Sman et al., 2021), and only 
one applies a renewable constraint by reducing air travel volume development (Peeters & Papp, 
2023). Finally, ATAG (2021) reverses the equity argument by claiming that aviation has a right 
for a larger share of SAF in the world as compared to other transport modes, because the other 
modes are less difficult to abate. Three scenarios apply the hard-to-abate principle (ATAG, 2021; 
ICAO, 2022b; SBTi, 2023b), two apply it with some consideration of other sector’s needs (EASA 
et al., 2023; Van der Sman et al., 2021) and one Peeters and Papp (2023) treats aviation as a ‘nor-
mal’ sector. The lean-to-lose principle concerns the option to reduce less-valuable demand for air 
travel. Only one scenario applies it (Peeters & Papp, 2023). None of the scenarios offer an inte-
grated approach to non-CO2. Regarding other transport modes the picture is scattered. Two sce-
narios (Peeters & Papp, 2023; SBTi, 2023b) see a promising role for rail travel, one (EASA et al., 
2023) takes into account a trend-wise rail development, two scenario (ATAG, 2021; Van der Sman 
et al., 2021) propose to shape rail travel such that it better serves transfer passengers (calling it 
‘rail-air integration’), and one fully ignore other transport modes as part of the solution (ICAO, 
2022b). Because rail systems are particularly good at city-to-city centre connections, adapting 
them to city-centre to airport or even airport-to-airport would seriously impair the quality for non-
flying rail-travellers.  
The overall outcome is that most aviation scenarios delay emission reduction by 6-10 years, do 
not achieve zero-emissions by 2050, assume the hard-to-abate principle paying not much 
attention to equity issues, cover only CO2 and do not see air travel demand reducing role for 
rail travel.  
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4 Evaluation of KLM’s targets 

 

4.1 Introduction targets 
In this chapter, we will dive in the target setting by KLM for SBTi. Targets are an essential first 
step towards mitigation of emissions. But targets in themselves cannot guarantee effective mitiga-
tion, which is to be supported by a reasonable, manageable climate plan. The KLM climate plan 
is subject of chapter 5. Here, we only look at the target. The value of targets depends on the feasi-
bility of the target. A target to achieve zero-emissions next year would, for KLM, only be possible 
when KLM would end its activities and be dismantled. That is clearly not a feasible target. But the 
balance between what is achievable and what is not depends on a range of factors. For an airline 
the main parameters are efficiency (fleet renewal, operational and logistic efficiency, cabin seat 
layout), application of SAF, particularly SAF-E, and the volume of traffic. The latter is a clear 
function of the business model of an airline. Apart from this ‘internal’ feasibility of the target, one 
should also look at the quality of the target with respect to the overall climate mitigation goals. 
We discuss this matter in section 4.2. Then we will assess whether KLM has followed the SBTi 
pathway? (4.3.1), compare them to some other SBTi-accredited airlines (4.3.2), and finally discuss 
the role of the hard-to-abate principle of KLM’s targets (4.3.3). The ‘feasibility’ of a target is 
typically a political outcome, which cannot be derived from science. But science can bring forward 
the arguments for politically discussing feasibility. Such arguments we will discuss in this chapter 
and summarise in section 4.4.   
Hassan et al. (2018) assessed the likelihood of a set of strong targets to become reality. They 
assessed, running an aviation sector model thousands of times, that achieving the strong IATA 
targets has a low likelihood to be reached. The main option appeared to be, as we have described 
above, SAF, technology and operational efficiency, but only 0.3% of all scenarios reached the 

Key Findings 

1. SBTi accreditation is voluntary and does not include an evaluation of the feasibility of 
the company achieving its accredited target. Also, it only requires a carbon intensity 
target, not an absolute reduction target.  

2. KLM’s short-term target (-30% carbon intensity in 2030 with respect to 2019) is in line 
with the SBTi targets. Additionally, KLM has presented the outcome of their emissions 
assessment, an overall emissions reduction by 12%, as an additional target. 

3. Compared to all airlines publishing their emissions on the Carbon Disclosure Project 
website and having an SBTi target, KLM is an average airline when it comes to the 
carbon intensity of its air transport. 

4. Quantitatively, KLMs promised performance (the -30% carbon intensity) leads to a 1.9 
times higher overall emissions index (2010=100) than the IPCC/Shell required reduc-
tion, and 2.2 times for KLM’s sure (contracted) emissions index. 

5. To achieve IPCC aligned emission reductions, KLM has either to improve carbon in-
tensity by about 56% in 2030 (baseline 2019), which is not feasible, or to reduce its 
transport volume by at least 21% in 2030 compared to 2019, pending the success of 
other mitigation measures. 
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targets set by IATA. Therefore, in general one could question what the value of target setting 
is when the targets seem impossible to achieve given the growing demand for air travel.  

4.2 Targets from the Science-Based Targets institute 
Following the Paris Agreement, voluntary science-based targets emerged, including the involve-
ment and nudging of industry actors in the pursue of international climate targets (Giesekam et al., 
2021; Walenta, 2020). Emerging service providers, with SBTi being a leading organisation, pri-
marily support corporate clients in establishing and developing their objectives and goals (Bjørn, 
Tilsted, et al., 2022; Rekker et al., 2022; Tilsted et al., 2023). See further discussion in the textbox  

 
These voluntary science-based targets have triggered increased (communication about) climate 
action, but still display inconsistencies and doubtful proof regarding their effective alignment with 
the 1.5°C goal of the Paris Agreement (Bjørn, Tilsted, et al., 2022). SBTi has created mitigation 
pathways for various sectors ranging from cement, through apparel and footwear, ground trans-
portation, and housing to financial institutions (SBTi, 2024d). Aviation currently has an interim 
target document (SBTi, 2023b) based on an interim 1,5 °C scenario (see also section 3.4). From 
this scenario, only one goal is derived:  

• A 30% carbon intensity (kg CO2/pkm or rtk)1 improvement in 2030 with the base year 
2019. 

• Offsetting and SAF were not allowed according to the original target guidelines (SBTi, 
2021). 

There are methodological issues and jurisdictional constraints in SBTi’s target setting and valida-
tion process, including, but not limited to, the freedom companies have in choosing their targets 
and target setting methods, the common allocation principle of the SBTi, as well as the lack of 
validation of how realistic targets are, limited transparency in emission accounting, disclosure and 
reporting and allowed use of problematic means to meet science-based targets calls the effective-
ness of the use of voluntary science-based targets into questions, raising serious concerns (Bjørn, 
Tilsted, et al., 2022; Cames et al., 2023; Giesekam et al., 2021; Ruiz Manuel & Blok, 2023). 
Among others, Bjørn et al. (2021); Bjørn, Lloyd, et al. (2022); Chang et al. (2022) fiercely debated 
science-based targets including the freedom of choice companies have in relation to target setting 
and regarding target setting method selection; the rigour of the SBTi’s target validation process, 

Science-based targets 
Science-based targets are defined as “Science-based targets provide companies with a clearly- 
defined path to reduce emissions in line with the Paris Agreement goals” (SBTi, 2023a, p. 1). 
The procedure is that SBTi defines sector-specific targets for a global, Paris-aligned, emission 
reduction pathways and extracts from these pathways - and a growth assumption - the carbon 
intensity per unit of product (SBTi, 2023a). Then companies who want to create science-based 
targets, must use an Excel model provide by SBTi. The one for aviation is the SBTi Aviation 
Tool (SBTi, 2024b). The model helps them to determine the precise development of intensity 
ad total emissions when they set a science-based target. This target is 30% better carbon 
intensity in 2030 with respect to the base-year, for KLM, that was chosen to be 2019. SBTi 
checks the model and accredits it. That means that the target setting is accredited. However, the 
feasibility of achieving these targets is not part of the accreditation. 
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the common emission allocation principle of the SBTi and the verifiable Paris-alignment of vali-
dated science-based targets. And in terms of implementation of emission reductions against vali-
dated targets, these issues include, but are not limited to, the allowed use of problematic means for 
meeting science-based targets, and non-transparent emission accounting and disclosure. SBTi 
(2024b) provides an Excel tool for airlines that enables them to set a target, dedicated to their 
situation. What the airline needs to provide is the current (2019) transport volume and emissions, 
and the expected growth rate or volumes in 2030. Based on these, the tool calculates both the 
absolute emission pathway and the carbon intensity pathways for the airline. A lower submitted 
volume growth path of an airline, as KLM does, will result in a lower absolute emission target, 
because SBTi takes the carbon intensity target of 30% improvement as a fixed basis for all calcu-
lations.  
The calculation is accredited based on a set of criteria (SBTi, 2024c). The accreditation assesses 
the 2019 emission inventory, checking for instance if emissions are correctly calculated according 
to the required standards, and it assesses the 2030 absolute emissions, or the carbon intensity tar-
gets or, if the company wants to sign for it, the net-zero target in 2050. However, voluntary SBTi 
accreditation does not include an evaluation of the feasibility of the company achieving its 
accredited target. This can be considered a serious omission, because basically every company 
can get an accredited target, even if it is entirely unclear how this target can be reached.  

4.3 KLM’s targets  
This section analyses KLM's Science-Based Targets (SBTs), focusing on KLM's objectives 
(4.3.1), targets compared to other SBTi accredited airlines (4.3.2), and the claim of prioritized 
fossil fuel emission allocation in regards to the 'hard-to-abate' classification (4.3.3).  

4.3.1 Stated Targets 

In 2022, the Science-Based Targets initiative (SBTi), approved KLM's emission reduction strategy 
(Climate Action Plan) with the target of 30% carbon intensity improvement between 2019 and 
2030 (to be supposedly) in alignment with the Paris Agreement and its goal of keeping global 
temperature increases well below 2°C (KLM, 2022a; 2022b, p. 1). The intensity target combined 
with KLMs economic perspective results in a 12% decrease in total emissions in 2030 compared 
to 2019 levels. KLM adopted the SBTi 'hard-to-abate' classification generally granted to the avia-
tion industry. Therefore, the targets are less stringent in comparison to other sectors. Additionally, 
the choice to not include non-CO2 emissions targets remains debateable and problematic, though 
it is wise not to adopt an integrated CO2e (equivalents) target as further explained in section I.IV 
of Annex I.  

4.3.2 Targets for SBTi accredited airlines 

Currently, 13 airlines have submitted emission targets to SBTi. Table 3 provides an overview of 
these airlines, their goals and in which country they are registered. Only two airlines filed a 1.5 °C 
short-term target and five a net-zero target. According to this source KLM fails both targets but 
tries to achieve ‘<2 °C’.  Most airlines defined a near-term target for 2030, but five did so for 2035.  
KLM is rather unique in having a Climate Plan. We could identify such documents only for 
Lufthansa and JetBlue.  
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Table 3: Overview of all airlines with a SBTi target. Source: (excel file downloaded from SBTi, 2024a). 
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Air France - KLM 
Group 

<2°C 2030 No N (but some elements 
mentioned in their sus-
tainability reports) 

France 

Air France Group <2°C 2030 No N (but some elements 
mentioned in their sus-
tainability reports) 

France 

Air New Zealand <2°C 2030 No N (but many elements I n 
their annual sustainabil-
ity reports) 

New Zealand 

American Airlines <2°C 2035 No N (States climate actions 
on website and inte-
grates climate in sustain-
ability reporting) 

United States of Amer-
ica (USA) 

ANA Holdings Inc. <2°C 2030 No N (discloses climate/en-
vironmental policies at 
group level) 

Japan 

Azul S.A 1.5°C 2030 Yes N/A Brazil 

Delta Air Lines <2°C 2035 Yes N (presents climate ac-
tions on website and re-
ports on climate actions 
as part of ESG reporting) 

United States of Amer-
ica (USA) 

easyJet plc <2°C 2035 Yes N (presents climate ac-
tions on website and has 
sustainability section in-
tegrated in annual re-
port) 

United Kingdom (UK) 

JetBlue Airways Cor-
poration 

<2°C 2035 No Y (presents climate ac-
tions on website and an-
nually discloses GHG 
emissions in dedicated 
report).  

United States of Amer-
ica (USA) 
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KLM Royal Dutch Air-
lines 

<2°C 2030 No Y (Climate Action Plan) Netherlands 

Lufthansa Group <2°C 2030 Yes Y (Annual climate-related 
financial disclosure re-
port (reporting on cli-
mate risks for business) 

Germany 

TUI Group <2°C 2030 No N (Climate impact ad-
dressed as part of 
CSR/sustainability  re-
porting) 

Germany 

United Airlines, Inc. <2°C 2035 Yes N (Climate impact ad-
dressed as part of 
CSR/sustainability re-
porting 

United States of Amer-
ica (USA) 

 
  
Several of these airlines publish their annual emission data and targets in the Carbon Disclosure 
Project (CDP, 2024b). Based on these data and conversion factors between pkm and rtk for these 
specific airlines given by IATA (2020), we have calculated the carbon intensity in terms of emis-
sions per unit of air transport. Figure 4 shows the results in kg CO2/RTK. Figure 4 shows that most 
airlines have published intensities that are above the ones published by SBTi (2023b). KLM is a 
bit above the SBTi estimates. The goals are all met in percentages, but the absolute carbon inten-
sities vary. This makes sense because of the many parameters that determine the final carbon in-
tensity per rtk. This depends not only on the technology level of aircraft, but also on the cabin 
layout, the number of seats (a high number reduces emissions per seat-kilometre), the kind of 
markets served (long-haul, medium-haul, short-haul), etc. From Figure 4, we may conclude that 
KLM is a rather average airline when it comes to its carbon intensity over time.  
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Figure 4: Intensity development for all aviation as required by SBTi (drawn lines) and as published in CDP 
reports (CDP, 2024b) by several SBTi-accredited airlines. The IPCC 1.5 °C compatible line shows the detailed 
intensity development in the Envisioning 2030 zero-emissions scenario (Peeters & Papp, 2023). 

4.3.3 Hard-to-abate status as applied by KLM 

In line with the earlier addressed controversial 'hard-to-abate' assertions (section 5.2.1), the con-
cept of climate justice, including burden-sharing justice (upholding the principle that those who 
have contributed the most to climate change, who can most afford mitigation measures, or who 
profit most from activities causing climate change should carry the primary burden) and harm 
avoidance justice (preventing harm for those who are most vulnerable to climate change impacts) 
will be further discussed. These concepts stand central in the Paris Agreement and equity discus-
sions (Caney, 2014; UNFCCC, 2015, p. Art.4.1).  
Critics argue that this approach may blur important impacts and damages from climate change and 
dismiss "the importance of a sector for the global population, the share it serves, the necessity of 
the product for those who make use of it and the distribution of the products of the sector over 
income classes" (Peeters et al., 2023, p. 26). Especially in the context of aviation, this view on the 
'hard-to-abate' prioritization, becomes evident through the disproportional effects of climate 
change on developing countries through extreme weather events like heat-waves, droughts and 
floods (Dolšak & Prakash, 2022b), while the population of those countries fly substantially less 
frequently (IATA, 2020)3. 
KLM states that the aviation industry “is considered a hard-to-abate sector due to a lack of alter-
natives and a rise in demand for flying. The industry’s main obstacle to reducing its impact is the 

 
3 Only 2.2% of all air transport volume is consumed by the population of Africa while Africa hosts 18.2% of the world population. 
Compare with the European population that consumes 26.4% of all air transport while comprising only 9.2% of the population. 
These numbers show that Europeans fly roughly 25 times more than the average African.  
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absence of readily-available zero-emission technology, which is likely to persist until at least 
2035” (KLM, 2023a, p. 9). KLM ads to this that “a rise in demand for flying” (KLM, 2022a, p. 9) 
exacerbates the hardness to abate. Interestingly, in these statements KLM says that the rise in de-
mand is something outside of their power. Therefore, the hard-to-abate argument is only valid 
when the demand, which at least partly, is generated by the aviation sector, is kept out of the 
consideration as we have seen in section 3.5. We will show how KLM generates additional 
transport volumes because of their hub-and-spoke network business model (section 6.3.1). Though 
such a network provides high flexibility in terms of OD4-relations that can be achieved when one 
or two transfers are included, it regularly also causes long detours and additional CO2 emissions 
for passengers that would also have a more direct alternative are tempted by the low fares of KLM 
for such indirect connections. Furthermore, KLM is justifying the higher share of carbon emissions 
allocated to the aviation industry, as stated in KLM's Admissibility Defence Sections, suggesting 
that airlines cannot achieve the same reduction rates as other sectors due to the stated slow pro-
cesses in finding and developing adequate technical solutions (Katan & van ’t Lam, 2023, pp. 5, 
par. 20). This (cost-optimal abatement) approach prioritizes sectors with higher abatement costs 
and seems to be accepted by amongst others SBTi, IEA and IATA (Ekins et al., 2011). 

4.4 Evaluation of KLM targets 
To understand the position of KLM in the target setting ‘arena’, Figure 5 is based on Figure 2 that 
showed the emission development according to a range of scenarios and what is needed to become 
1.5 °C compatible. Figure 5 now shows the position of KLM with respect to the most typical 
scenarios. Clearly, KLM’s contracted plans (fleet renewal and 3% SAF and some operational im-
provements) bring KLM almost onto the SBTi global scenario. But the KLM had a much lower 
growth between 2010 and 2019 than KLM, which makes it ‘easier’ for KLM to stay below SBTi. 
Furthermore, only KLM’s goals follow the start of a decline as required by SBTi, but the concrete 
measures will fail to accomplish that goal. Finally, KLMs promised performance is 1.9 times 
higher than the IPCC/Shell required reduction, while is 2.2 times for the sure (contracted) 
emissions index.  
From the above we may conclude that KLM’s stated target for the carbon intensity improvement 
in 2030 over 2019 of 30% is in line with SBTi’s target. However, the SBTi scenario fails to come 
close to the general IPCC pathways. In 2030, KLM’s absolute total emissions in 2030 will be 12% 
lower than in 2019, which is a strong shortfall of what the IPCC requires for all sectors, which is 
in the range of 40% to 50%. If KLM wants to stick to its growth rate of 1.9% per year up to 2030, 
it should improve its carbon intensity by 56%, which cannot be feasible. Another option would be, 
assuming the 30% carbon intensity improvement is successful, to reduce the volume in 2030 by 
21% compared to 2019 (or 37% compared to KLM’s intended growth). Though this may seem not 
feasible either, when the constraint of the current transfer-passenger-based business model would 
be exchanged for another business model, for instance more point-to-point and aiming at the high-
est direct economic impacts for the Dutch economy (Peeters et al., 2024), feasibility will substan-
tially improve. 

 
4 OD means origin-destination, so the relationship between the point of departure (e.g. home) and the destination (e.g. a holiday 
destination), regardless of the number of flight segments and transfers.  
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Figure 5: The indexed (1990=100) development of a selection of scenarios and the position of KLM as prom-
ised by its SBTi target (corresponding to 30% improved carbon intensity in 2030), as covered by plans (20.6% 
improvement) and as covered by concrete contracted plans (-15.8%).,  

 
KLM takes the ‘hard-to-abate’ argument as the baseline to argue aviation can reduce its emissions 
at a substantially slower pace than other sectors do, without considering equity or justice aspects 
of such a position. Though KLM acknowledges it should take its responsibility, this effort is within 
the hard-to-abate paradigm. Current performance of KLM in terms of carbon intensity is average, 
not particularly advantageous as compared to a range of competing airlines. The conclusion is that, 
KLMs promised performance (the -30% carbon intensity) leads to 1.9 times higher overall 
emissions index (2010=100) than the IPCC/Shell required reduction, and 2.2 times for 
KLM’s sure (contracted) emissions index. To achieve IPCC grade emission reductions, KLM 
has either to improve carbon intensity by 56% in 2030 (baseline 2019), which is not feasible, 
or to reduce its transport volume by at least 21% in 2030 compared to 2019. 
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5 Evaluation of KLM’s Climate plan 

 

5.1 Introduction and aspects of evaluation 
In this chapter we evaluate the climate plan of KLM. The main problem of aviation for the climate 
is that aircraft burn fossil fuel (kerosene, generally Jet-A) and emit CO2 because of this. Further-
more, the burning causes a range of other non-CO2 emissions like hydrocarbons, nitrogen oxides 
and water vapour (Klöwer et al., 2021b). Particularly at the high altitudes of about 10,000 m a 
modern aircraft cruises at, these emissions cause a range of impacts like contrails, which may even 

Key Findings 

1. Based on KLM’s concrete plans, the airlines’ 2019 emissions would increase by 5.8% 
in absolute terms in 2030. 

2. Two-thirds – 20.6% - of KLM’s reduction goal of 30% is covered by planned measures. 
3. Just over half – 15.8% - of KLM’s reduction goal is covered by concrete measures; the 

difference is in 3% SAF under contract rather than 10% SAF planned. 
4. The process of fleet renewal is driven by economics, not environment, and does not 

simply result in the lowest fuel consumption and CO2 emissions. 
5. KLM has a history of a relatively conservative fleet-renewal policy, meaning that it 

also has an average fleet with respect to fuel efficiency and CO2 emissions. 
6. By publishing acquisition instead of design age in the context of climate change miti-

gation, KLM suggests a 6 to 9 years younger fleet than technically is the case, implicitly 
suggesting 10% to 14% too optimistic fuel efficiency and carbon intensity. 

7. In 2019 KLM was an average airline with respect to fuel efficiency per seat-kilometre. 
The recent introduction of new cabin classes providing more space to passengers (e.g. 
World Business Class and Premium Comfort Class) may reduce KLM’s fuel efficiency 
and increase its CO2 emissions per passenger-kilometre.  

8. As KLM’s fleet renewal policy has been hesitant, the company missed an additional 
6% of efficiency gain in 2030, out of the 12% they claim based on their current fleet 
renewal as assumed in their Climate Plan.  

9. KLM has no specific non-CO2 reduction policy, whereas a reduction of non-CO2 emis-
sions could be accomplished in a straightforward way by means of reducing volumes 
and growth of transport volume. The use of sustainable aviation fuels leaves most non-
CO2 emissions as they currently are.   

10. KLM describes and affiliates itself with the development of zero-emissions aircraft but 
does not seem to take much risk in their development, for instance by taking options 
on Universal Hydrogen fuel cell aircraft currently in development. 

11. Achieving an IPCC compatible goal of -45% absolute emission reductions would re-
quire a reduction of KLM transport volume between about 21% and 35%. This fact 
illustrates the importance of discussing volume growth in the outcome of the total emis-
sions in 2030. 
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generate layers of high-level cirrus clouds (Klöwer et al., 2021b). All these processes can lead to 
an additional heating effect that is very significant (see section I.IV of Annex I). 
Section 5.2 describes KLM’s climate plan and its assumed effects. The following sections assess 
the three main elements of KLM’s Climate plan: fleet renewal (5.3), operational efficiency gains 
(5.4) and SAF (5.5). Section 5.6 discusses the consequences of the way in which KLM handles 
non-CO2 impacts. 
The main ways proposed by science to mitigate the climate impacts from aviation are the follow-
ing: 

1. Improving energy efficiency: 
Using less fuel per passenger-kilometre or revenue-ton-kilometre will, ceteris paribus5, 
reduce the emissions. Efficiency can be improved by using more efficient aircraft (section 
5.3), by flying an aircraft more efficiently and by more efficient logistics (flying shortest 
routes as described in section 5.4, and offering passengers/freight the shortest or least-
emissions routes as shown in section 6.3.1). However, regarding more efficient aircraft 
technology, the laws of physics, particularly aerodynamics and thermodynamics, prohibit 
flying at zero energy (Peeters, 2010). Hence, you will never be able to reduce emissions to 
zero by more efficient aircraft that still use fossil fuels as energy source. An additional 
issue forms the ‘ceteris paribus’ assumption: when you improve aircraft efficiency, you 
will reduce the cost of fuel and thus of flying. This means that the demand for flights will 
increase and, through the so-called ‘rebound effect’, a part up to almost all the emission 
reductions will leak away into higher demand for air transport. In section I.II of Annex I, 
we show a graph that combines the strong fuel efficiency improvements of jet aircraft since 
their introduction in the 1960s and the even stronger increase in total emissions because of 
the cost reductions involved with improved aircraft designs in the same period. While more 
fuel-efficient aircraft have a direct rebound effect of at least some 30% because 30% of 
current direct operating costs of an aircraft is fuel cost, the rebound for operational 
efficiency might be up to 100%. The reason is that flying shorter routes, for instance, will 
also reduce the flight-hours of an aircraft, which determine almost all other direct operating 
costs one-to-one. We discuss the rebound effect further in Annex I , section I.III. 

2. Replacing fossil fuels by non-fossil fuels: 
Another way to remove emissions is by replacing fossil-based kerosene by ‘sustainable 
aviation fuels’ (SAF). Three main categories of SAF exist (ICAO, 2022b): bio-based SAF-
B, waste-based SAF-W and synthetic e-fuels produced from CO2 captured from factories, 
electricity plants or the atmosphere (SAF-E). Due to a range of different reasons, SAF-B 
will generally remove less than 80% of all emissions (Meerstadt et al., 2021). This also 
applies to many types of SAF-W feedstocks as these are also bio-based. Furthermore, the 
resources for SAF-W experience serious resource limitations (Suzan, 2023). The third type, 
SAF-E has a potential to reach almost 100% reduction of emissions (Schäppi et al., 2022) 
and use far less space than SAF-B and SAF-W. However, the bottom-line here is energy 
use, particularly of renewables, which could consume up to 100% of all electricity for 
aviation only in a country like Germany (Drünert et al., 2020). See section 5.5 for further 
discussions. 

3. Paying someone else to reduce emissions (offsets): 

 
5 Meaning ‘other things equal’. 
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Carbon offsetting is the base for ICAO’s CORSIA system. With offsetting, one industry 
pays another (industry, individual) to reduce their emissions in a way to compensate for 
the paying industry’s emissions. The initial emissions will still add to the CO2 
concentration of the atmosphere, so offsetting can never be a way to reduce the climate 
impact to zero, except when negative emissions are assumed. For a further discussion about 
the issues with offsets see Annex I section I.I.  

4. Applying revolutionary technology: 
Another option mentioned by the aviation industry, including KLM, is to develop aircraft 
that no longer use fossil fuels, but are driven by electric engines powered by batteries or 
hydrogen-fed fuel cells, or by jets burning hydrogen (Noland, 2021). This is not a new 
idea, such aircraft designs were proposed at the end of the 20th century (Brewer, 1991; 
Peeters, 2000; Snyder, 1998). There is broad consensus that these completely new aircraft 
types may only become effective after 2045-2050, i.e. too late for the 1.5 °C climate targets 
of zero-emissions in 2050. Most scientific papers assume that in 2030 only few 
experimental small aircraft may be on the market (Miller et al., 2023). However, it is also 
a fact that the two main players in the fuel-cell electric aircraft development, ZeroAvia 
(Dubois et al., 2023) and Universal Hydrogen (Norris, 2023), have already reached the 
flight-testing stage of aircraft with around 20-40 seats and are designing and actively 
building prototypes up to 50 seats.  

5. Reducing the volume of air travel and transport: 
In all scenario studies we presented in section 3.3 the demand for air travel was assumed 
to be a given, even though to some extend affected by the cost of mitigation measures, and 
the (accumulated) emissions an outcome. Only Peeters and Papp (2023) reverse this way 
of thinking in making the supply of air transport a function of the effectiveness of 
mitigation measures and the 2050 zero-emissions goal. This reversed thinking is crucial to 
achieve the 1.5 °C climate goal according to the IEA, who observe that the “assumption 
that people’s lifestyles and patterns of consumption will continue unaltered in a scenario 
of net zero emissions by 2050 is arguably unrealistic” (Crow et al., 2021, p. 1). 

In our evaluation of KLM’s climate plan, we argue, in concurrence with KLM (2023a), that offsets 
will not be a viable solution. Annex I section I.I provides extensive background on this assumption. 
In contrast to KLM’s climate plan and many aviation sector plans as well as SBTi’s scenario, we 
consider measures to limit the supply of air transport essential in a discussion about climate justice. 
The reason is that efficiency measures are both limited (see Annex I section I.II) and suffering 
from serious rebounds (see Annex I section I.III). Ignoring non-CO2 impacts (Annex I section 
I.IV) is undesirable because it may currently form the majority of aviation’s impact on the tem-
perature rise, but simply multiplying CO2 emissions by a non-CO2 multiplier, as is common prac-
tice, is not seen as a scientifically defendable approach as further explained in Annex I section 
I.IV.  

5.2 Reduction feasibility of KLM’s climate plan 
KLM's Climate Action Plan (KLM, 2023a) assimilates the common technology-centric approach 
found in the aviation industry, integrating measures in regards to fuel-efficiency and fleet advance-
ments, air traffic and operational improvements and the transition to sustainable aviation fuels 
(SAF), carbon capture and technological-aircraft progresses in regards to battery electric, fuel-cell 
electric and hydrogen-jet (Bergero et al., 2023). KLM (2023a) gives three quantified improve-
ments of its carbon intensity: 
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1. Planned fleet renewal – most new aircraft are on order – is assumed to deliver 12% improved 
carbon intensity, 

2. Operational improvements may deliver 2-4%, of which about half through measures taken by 
KLM, and the other half depending on the introduction of the Single European Sky by the 
European Commission. 

3. The mixing of 10% SAF, with an assumed life-cycle emission reduction of 80%, which could 
deliver another 8%. 

 

Next to these planned measures, KLM also mentions an undefined fourth option as ‘other 
measures’. “Some areas of our decarbonization strategy still need to be finalized, including 
measures to boost operational efficiency and increase the uptake of SAF” (KLM, 2023a, p. 7). 
According to KLM, the three improvements, if fully implemented, would reduce the total carbon 
intensity by 20.6%6, so some two-thirds of the reduction goal is covered by planned measures. 
However, currently, only 3% of SAF has been contracted up to 2030, reducing the currently im-
plemented concrete measures to a carbon intensity improvement of 15.8%7. Thus, these con-
tracted measures cover half of the 30% target. If KLM wants to fully achieve their 30% carbon 
intensity target by 2030, they will need another 18% of SAF. This would make the total needed 
SAF, assuming an optimistic 80% effectiveness, some 28%. This contrasts KLM’s current SAF 
contracts that cover in total only 3% by 2030. Also, the high share of 28% in a tight SAF market 
(IEA, 2024) in 2030, would limit other airlines to buy their SAF. That would mean, that KLM 
being a frontrunner, does no longer add to the global CO2-emission reduction. 
It is important to understand the relationship between volume growth, carbon intensity and total 
emissions to understand the meaning of KLM’s 12% overall CO2 emissions reduction ‘target’ 
KLM (2023a). This figure assumes the full 30% carbon intensity improvement will be reached, 
while the above shows that only 15.8% improvement is covered by planned and contracted 
measures. The relationship between growth, carbon intensity and total emissions reduction is rel-
atively straightforward: 
 

𝑇𝑜𝑡𝑎𝑙	𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = (1 + 𝐺𝑟𝑜𝑤𝑡ℎ	𝑟𝑎𝑡𝑒)("#$%&"	(&#$)*#+&	(&#$) ∗ 𝐶𝑎𝑟𝑏𝑜𝑛	𝑖𝑛𝑡.∗ 𝑉𝑜𝑙𝑢𝑚𝑒*#+&	(&#$ 

 
For the KLM base case, in this formula, the base year is 2019, the target year 2030, the growth 
rate8 0.021, the Volume in 2019 (the base year) 92.7 million passenger-kilometres (KLM, 2024), 
and the carbon intensity index 0.7 (30% reduction) in 2030. We thus get: 

 

𝑇𝑜𝑡𝑎𝑙	𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠	𝑖𝑛𝑑𝑒𝑥 = (1.021)11 ∗ 𝐶𝑎𝑟𝑏𝑜𝑛	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 92.7 

 
6 In this kind of calculation, you have to multiply the index of all the effects: 12% improved intensity through fleet renewal (0.88) 
* 2% operational measures (0.98) * 8% SAF (0.92) = 0.88*0.98*0.92 = 0.794 and thus a 20.6% improvement. 

7 12% improved intensity through fleet renewal (0.88) * 2% operational measures (0.98) * 3% SAF at 80% effectiveness (1-
0.03*0.80) =  (0.88*0.98*(1-0.03*0.8)) = 0.842 and thus 15.8% improvements. 

8 Note that the KLM Climate Report mentions a 1.95% growth rate between 2019 and 2030, but this does not result in 12% 
reduction of total emissions when 30% carbon intensity is assumed over the 11 years between 2019 and 2030. Therefore, we 
have recalculated the correct average growth rate which resulted in 2.1%.  The reason for this small difference is unknown. 
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By varying the carbon intensity reduction in 2030 in the formula, we assessed the relationships 
shown in Table 4. From this table we conclude that currently, certain emission reductions from the 
KLM Plan (those contracted like ordered new aircraft and SAF-contracts) would lead to a ‘worst-
case’ scenario resulting in a 5.8% increase of KLM’s global emissions. Note that the 2% carbon 
intensity assigned to operational measures is not exactly contracted yet and thus still uncertain. 
KLM’s planned, but not fully contracted, climate measures would lead to a small reduction of 
KLM’s total emissions of 0.5%. As was to be expected, the target of 30% intensity improvement 
would deliver the 12% overall emission reduction, as also claimed by KLM.  
Table 4: Overview of the impacts of the volume growth and carbon intensity assumptions for the KLM case. 

 Case assumptions Intensity gain KLM global emissions index with 
2.1% growth 

KLM Climate Plan contracted (-15.8%) 15.8% 5.8% 

KLM Climate Plan planned (-20.6%) 20.6% -0.5% 

KLM SBTi target (-30.0%) 30.0% -12.0% 

High gain (-45.0%) 45.0% -30.9% 

Extreme gain (-60.0%) 60.0% -49.7% 

 
However, one could use the relationship between growth and emissions also to do a reverse cal-
culation: what volume growth is compatible with the IPCC target reduction (-45% of absolute 
emissions in 2030) as a function of the carbon intensity improvement.  
Table 5: The transport volumes KLM would be able to realise if the emissions would need to reduce to the 
average IPCC level (-45%) under various carbon intensity assumption cases. Note: the IPCC in fact asks for 
a reduction compared to 2010, which would further reduce the volumes 

Case assumptions IPCC compatible 
growth rate 

KLM IPCC compati-
ble volume (billion 
pkm) in 2030 

IPCC compatible 
volume reduction 
compared to 2019 

KLM Climate Plan contracted (-
15.8%) 

-3.80% 60.5 -34.7% 

KLM Climate Plan planned (-
20.6%) 

-3.26% 64.3 -30.6% 

KLM SBTi target (-30.0%) -2.17% 72.8 -21.4% 

High gain (-45.0%) 0.00% 92.7 0.0% 

Extreme gain (-60.0%) 2.94% 127.4 37.5% 
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Table 5 shows the results of this analysis. Only in the impossible case of a carbon intensity im-
provement of 60% between 2019 and 2030, KLM would be able to grow its volume above the 
currently expected volume. Even a zero-growth assumption would require a carbon intensity re-
duction by 45%. This table is important input for any debate about climate justice, because it con-
tains information about a fair share of reductions for aviation (see discussions in chapter 6 about 
for instance the ‘hard-to-abate’ principle) and the consequences for transport volume growth. 
Figure 6 further illustrates the relationships between volume and carbon intensity cases. The grey 
lines describe the current (2019) and assumed (2030) passenger transport volumes of KLM. The 
orange line shows that only the intended carbon intensity reduction by 30% is compatible with the 
volume growth KLM assumes. When KLM would stick to the 12% absolute emission reductions 
described by KLM’s Climate Plan (KLM, 2023a), the two lower intensity gains would require the 
volume growth to be substantially reduced as the graph shows. When one assumes IPCC-compat-
ible reduction, the volume will have to be significantly reduced by 2030 compared to 2019. 

 

 
Figure 6: The IPCC compatible (-45% of total emissions in 2030 compared to 2019) volumes for varying as-
sumption cases for the carbon intensity gain. It also indicates the 2019 and assumed 2030 volumes of 
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passenger-kilometres of KLM. Note: the IPCC in fact asks for a reduction compared to 2010, which would 
further reduce the volumes. 

KLM assumes an increase of transport volume of 25.7% in 2030 compared to 2019. This means 
that based on concrete planned measures the outcome would be a 5.8% increase of absolute 
emissions rather than a decrease by 12% as claimed by KLM. Furthermore, if KLM were to be 
treated like a ‘normal’ sector, achieving an IPCC compatible goal of -45% absolute reductions 
would require a reduction of the transport volume of between about 21% and 35%. The 21% 
refers to the assumption that KLM realises the full 30% carbon intensity target, while the higher 
volume reduction would be needed if only the currently certain carbon intensity improvement is 
accounted for. This fact illustrates the importance of discussing volume growth in the outcome 
of total emissions in 2030. 

5.3 Fleet renewal 

5.3.1 Introduction 

Fleet renewal is a common argument from the aviation industry to show their environmental 
achievements. It is mentioned by all scenario studies we presented in chapter 3. Also, KLM 
(2023a) mentions it and expects the planned fleet renewal to reduce the carbon intensity by 12%. 
This raises questions like what part of the intensity reduction target is achieved by replacing old 
with new aircraft and how pro-active KLM is - and has been – in fleet renewal. An underlying 
question is whether fleet renewal can be seen as a sustainability measure with some economic 
advantages or as a necessary economic measure with some environmental benefits?   
Table 6: emission factors and index for a representative sample of 5473 international flights from Dutch 
airports. Sources: (Eurocontrol, 2020; FlightRadar24 AB, 2021; Peeters & Reinecke, 2021). 

Airline Emissions (kg 
/skm) 

Index (all other airlines = 
100%) 

KLM-group 0.080 99% 

All other airlines 0.080 100% 

KLM+Cityhopper 0.083 103% 

Transavia Holland9 0.064 79% 

Legacies (10 largest at Dutch air-
ports) 

0.085 106% 

 
We first assessed the 2019 fuel efficiency of KLM at the network level. We gathered data for a 
sample of seven days of flights in the year 2019 and calculated the average emissions per seat-
kilometre considering not only the exact aircraft types and distances flown, but also the cabin 
layout that determines the number of seats on board and the division over different classes. Table 

 
9 Transavia has a relatively low emissions factor because it is a low-cost carrier with a high-density seating, which thus causes 
relatively low emissions per seat. 
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6 shows that the KLM-group (KLM, KLM Cityhopper and Transavia Holland) are only 1% more 
efficient than the average of other airlines at Dutch airports. However, the core KLM group – 
excluding Transavia - is 3% less efficient, but 3% points better than the ten largest legacy airlines 
at Dutch airports10. The conclusion is that in 2019 KLM was an average airline with respect 
to fuel efficiency per skm. Note that KLM in 2023 introduced new low density seating classes 
(World Business Class and Premium Comfort Class (KLM, 2023b), which may reduce the num-
ber of seats per aircraft and thus increase the emissions/skm.  To tackle the last question: Bağcı 
and Kartal (2024) describe models that assist airlines to decide on their fleet renewal policies. They 
see six main criteria in that process: “purchase cost, fuel capacity, maximum seat capacity, range, 
maximum take-off weight, and cargo” (Bağcı & Kartal, 2024, p. 1). Furthermore, they define the 
goal of the fleet renewal process to grant “airline companies a competitive edge and <ensure> the 
efficient utilization of sectoral, environmental, and economic resources” (Bağcı & Kartal, 2024, 
p. 2). In other words, environment is only an indirect criterion through the operating cost and may 
help the airline when environmental constraints – generally noise limitations - are at play at air-
ports in their network. So, fleet renewal is primarily an economic act, optimising the interplay of 
a range of operational and acquisition costs. The process of fleet renewal is driven by economics, 
not environment, and does not simply result in the lowest fuel consumption and CO2 emis-
sions.  

5.3.2 KLM’s fleet renewal strategies 

One way to assess an airline’s fleet renewal strategy is by investigating whether the airline was 
often a launching customer for a new aircraft type. Launching customers take a risk as they are the 
first airline to start operations with a new type, but they also get influence in the detailed design of 
the aircraft. Competitors to KLM, like Air France (before the merger), Lufthansa, British Airway 
and Pan American, all have been launching customers for jet aircraft types developed by Boeing 
or Airbus. KLM was never a launching customer in the jet age, except recently for the Airbus 
A350 freighter. In 1920, KLM was the launching customer for the Fokker III11.  
Interestingly, KLM recently showed some contrarian aircraft acquisition behaviour. For instance, 
as late as in 2019 KLM took delivery of four B737NG (Noack, 2023), including the very last that 
has been build (Hemmerdinger, 2020). The technology level of this aircraft is over 22 years old. 
A newer type, the B737 MAX, has been on offer since 201112 and thus represented a nearly 10 
years’ old technology in 2019. But KLM failed several times to buy new aircraft from the newest 
type and technology available. We found similar behaviour when, between 2015 and 2022, KLM 
took delivery of B777-300ER aircraft, while in the same years the far more efficient B787 was 
also on the market. Our conclusion is that KLM does not have a history of buying the newest 
aircraft with the highest efficiency. 
Another more general way to look at fleet renewal is to calculate the fleet age. The ‘age of the 
fleet’ is often mentioned to proof the airline has an environmentally up-to-date fleet. However, 
this age is generally based on the dates each individual aircraft was added to the fleet. This age 
may be of interest for the service level and cabin quality to passengers, but it is not relevant for 
the environmental performance such as the fuel efficiency. The last B737-800NG’s KLM bought 
would in such a calculation be considered brand new, but the efficiency is determined by the time 

 
10 These are Aer Lingus, Air France, Alitalia, Austrian Airlines, British Airways, Delta Air Lines, Lufthansa, Scandinavian Airlines, 
Turkish Airlines, and United Airlines. These airlines were responsible for 18% of all flights, while KLM took 46%. 

11 See http://www.dutch-aviation.nl/index5/Civil/index5-2%20F3.html.  

12 Source: https://en.wikipedia.org/wiki/List_of_Boeing_737_MAX_orders_and_deliveries 
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the B7370-800NG was designed. And that is a much older age. The environmental performance 
is mostly determined by the age of the technology of an aircraft type. It is the entry into service 
(EIS) year that determines the technological age of each aircraft of a certain type.  
The technical age is always higher than the age of aircraft based on the year it enters the fleet. The 
technical age is the factor mainly determining the efficiency of the fleet, because the difference in 
efficiency between the first and the last aircraft coming off the production line is low. See Table 7 
as an illustration.  
Table 7: Fleet age data for KLM and some other airlines. The fleet age has been weighted for the transport-
capacity (seats times normal flight-hours) of each aircraft type in the fleet. Sources: own calculations and 
(Noack, 2023) as cited in Peeters et al. (2023).  

Airline Aircraft age Type technology age 

KLM (excl. Cityhopper, Transavia) 12.1 19.8 

Etihad 7.4 14.1 

LATAM 10.4 23.3 

Ryan Air 10.7 19.8 

 
Figure 713 uses historical fleet data from CH-Aviation (2024) and shows in detail the timing of 
new aircraft acquisition by KLM, including two of the piston-powered aircraft (Lockheed Con-
stellation L-188 and Douglas DC-6). Of these two, KLM purchased the last aircraft being build, 
while most other airlines already shifted to the newer and more economic jets. The advantage of 
this lagging was that those piston-powered aircraft were more fuel efficient compared to the first 
generations of jet aircraft (Peeters & Middel, 2007). But after those two, KLM has not been a 
particularly early adopter of new technology and in several cases bought some of the last aircraft 
rolling off the production lines.  
 

 
13 To these data, we added four Airbus A321NEO’s from the current fleet data to the historic list, but only for calculating the 
dates of acquisition, not the fleet technical age calculations as shown in Figure 8 and Figure 9. 
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Figure 7: this graph shows how early or late KLM was to acquire aircraft compared to the production period 
of each of its aircraft variants. The yellow bars show the full production period from first to last delivery. 
The Blue bar shows the full range of years over which the type entered the KLM-fleet. The ‘End of production’ 
indicator shows year in which the aircraft of the type was delivered (estimated for current in production 
aircraft). Sources: historic fleet from CH-Aviation (2024) and information from several aircraft manufacturer 
websites and Wikipedia. Note: a/c is ‘aircraft’. 
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Figure 8 is based on a detailed assessment of each aircraft in the historic fleet database (CH-Avi-
ation, 2024) and confirms the impression that KLM is a rather average technology adopter. KLM 
generally hardly acquired aircraft of types in their first year of production (only 2%), and quite 
often (16%) aircraft of types in their last year of production. For aircraft types in their 7th year of 
production (or last seven years of production), the first share is a bit lower than the last share (see 
last bar in Figure 8.  
 

 
Figure 8: Shares of early and late adoption of new, more efficient aircraft types in KLM’s fleet. The vertical 
axis provides the shares of aircraft acquired within the indicated number of years x from the type’s entry 
into service year (EIS) or end-of production year (EOP). For early birds we calculated the average number of 
years after EIS Data. Source: historic fleet from CH-Aviation (2024). 

Once an aircraft is certified, technically it will not be changed anymore, though often some minor 
improvements are implemented like some aerodynamic cleaning or engine improvement packages, 
which may improve efficiency with a few per cent. Figure 9 shows the technology age of KLM’s 
fleet over time. It reveals that the average technical age of the fleet has almost continuously in-
creased since the 1970s from some 5 years to currently close to 20 years’ old technology. The 
early years are based on incomplete fleet data, but from about 1990, the data is more complete. 
The habit to publish the acquisition age of fleets while communicating about fuel efficiency or 
climate change, instead of the technical age, means that a too high fuel efficiency is suggested. By 
publishing acquisition age in the context of climate change mitigation, KLM suggests a 6 to 
9 years younger fleet than technically is the case, implicitly suggesting a 10% to 14% too 
optimistic fuel efficiency and carbon intensity. 
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Figure 9: this graph shows the development of KLM’s average fleet age (unweighted for the size and produc-
tivity of the aircraft). The technical age refers to the age compared to the entry into service (EIS) year of the 
aircraft type, while the acquisition age is the average of the age compared to the entry into the fleet of each 
individual aircraft. Note: dotted lines based on incomplete fleet data. Source: historic fleet from CH-Aviation 
(2024). 

5.3.3 KLM future fleet and efficiency gains 

KLM (2023a) claims that their fleet renewal plans will improve the carbon intensity by 12%. The 
data described above (section 5.3.2), allow us to calculate a more optimistic scenario: what if the 
KLM had been a frontrunner in fleet renewal enabling the KLM to finalise the renewal of the fleet 
completely by 2030? We assessed this by taking the current (2019) fleet for 2030, but replace all 
current aircraft with the newest aircraft types that KLM already has in the order book. Table 8 
shows our assumed conversion from current to new aircraft types based on (KLM, 2023a, 2024). 
Table 8: assumed KLM Group fleet replacements by 2030. 2030 types between brackets mean no change 
because the best technology is already applied in 2019.  
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2019 aircraft type 2030 aircraft type 

B772 A359 

B77W A359 

B789 (B789) 

B78X (B78X) 

E190 E295 

E295 E295 

E75L (E75L) 

 
Overall, this hypothesised full fleet renewal scheme would mean that KLM’s new fleet would 
improve its fuel efficiency by 18% between 2019 and 2030, as compared to the 12% resulting 
from the partly executed fleet renewal published by KLM (2023a). This is the result of a 14% 
reduction of total emissions, assuming the same flights in 2030 with the renewed fleet as were 
flown in 2019 with the 2019 fleet, and the fact that the newer aircraft provide 5% more capacity. 
This additional seat-capacity ignores the new seat classes KLM introduced (KLM, 2023b), which 
use more space, and thus the capacity may be a couple of per cent lower (see Table 9). Note: these 
results only show passenger flights for a sample of in total seven days in the year 2019. Total 
emissions are thus 52 times higher for the whole year 2019, amounting to almost 6 Mton, which 
covers only the outbound flights. The total is about double this figure, which exactly matches total 
emissions mentioned by KLM (2023a), showing our sample of seven days to be representative for 
the whole year. 
Assuming the hypothetical completely renewed fleet in 2030, the overall carbon intensity we cal-
culated in section 5.2 of 20.4% improvement would rise to 26.0%, which is still 4% points (13% 
in relative sense) short of the SBTi 30% goal. We conclude that KLM’s hesitant fleet renewal 
policy caused KLM to miss one third of the potential fleet renewal induced carbon intensity 
improvement.  
Table 9: effect of a hypothesised (almost) complete fleet renewal of KLM Group’ 2019 fleet assuming a rep-
resentative set of flights for 2019. 

Topic Total emissions (ton) Capacity (10^6*skm) kg/skm 

KLM-group 2019 fleet  114,850   1,443  0.0796 

KLM-Group 2030 new fleet  98,730   1,520  0.0650 
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Topic Total emissions (ton) Capacity (10^6*skm) kg/skm 

Improvement14 -14% 5% 18% 

 

5.3.4 Zero-emissions aircraft 

The KLM climate plan pays some attention to revolutionary technology. With this, they mean the 
development of entirely new, zero-emission aircraft. The basic options for zero-emission technol-
ogy are all described by KLM (2023a): electric aircraft powered by batteries, electric aircraft pow-
ered by fuel cells, and jet aircraft burning hydrogen. Also, hybrids between one of the above op-
tions and a conventional jet or turboprop engine are now in development, like some two-engine 
aircraft with up to 30 seats with one normal and one electric engine (Bjerregard, 2022; Norris, 
2023). The three technological pathways provide various opportunities and challenges.  
The battery-based solutions suffer from the high weight of batteries and are not likely to serve 
larger aircraft than those with a short range and only a few seats (Epstein & O’Flarity, 2019), 
though some see wider opportunities when a hybrid is applied (Pornet & Isikveren, 2015; de Vries 
et al., 2024).  
The second option, based on fuel cells, has far better perspectives as both United Hydrogen and 
ZeroAvia currently show - with testing aircraft - air transport capabilities of over 1000 km range 
and up to 50 seats compliant with the short-haul markets. This option, if fuelled with green hydro-
gen, will not only reduce CO2 emissions of aviation to zero, but will also avoid all non-CO2 im-
pacts, because this type of aircraft will not emit anything else than water and will generally not fly 
at altitudes prone to contrail forming (Noland, 2021).  
The final option, burning hydrogen in jet engines, will not emit CO2 in flight and not in the fuel 
production process if green hydrogen is used. But there are some technological challenges with 
this solution. One is the space aboard an aircraft required for the low-density hydrogen, eroding 
both payload and range performance. Furthermore, burning hydrogen will still generate and emit 
nitrogen oxides and large quantities of water vapour at altitudes that are prone to contrails. How-
ever, as with SAF, detouring such areas could be done at no CO2 emission penalty. Airbus (2023) 
arrived at the same conclusion that for transport aircraft, both fuel cells and hydrogen in jet engines 
are the most promising solutions. A major issue is that most emissions are generated by long-haul 
flights, while it will be the short-haul zero-emissions aircraft that may first enter the market as 
KLM acknowledges. Also, ICAO (2022b) expects no significant impact before 2050.  
Though KLM spends several pages on these revolutionary zero-emissions aircraft, their role in 
developing them is restricted to assigning a former pilot to coordinate the development with part-
ners, and some collaboration with Delft University students, the Netherlands Aerospace Centre 
and the Electric Flight Connection. The latter concerns training KLM pilot-students in electric 
trainers, avoiding the emissions of initial flight-training. Furthermore, they collaborate with some 
undisclosed parties in the interest of hydrogen technology. KLM does not seem to collaborate 

 
14 Note that Table 9 ignores the freighters in KLM’s fleet. KLM will also replace the remaining four B747-400 full freighters with 
the new A350 freighter. Peeters, P., Buijtendijk, H., & Eijgelaar, E. (2023). KLM, science-based targets, and the Paris Agreement. 
Expert Report. Breda University of Applied Sciences.  Peeters et al. (2023) assessed the potential impact of this part of fleet 
renewal. They found, the improvement for the four aircraft is 28%. But this would not change our overall rounded improvement 
of 18% for passengers alone. 
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substantially with one of the aircraft manufacturers like ZeroAvia or Universal Hydrogen, now 
most advanced in developing short-haul zero-emissions transporters. Other airlines, like United 
(CDP, 2024c), Japan Airlines (AW&ST, December 11-24, 2023, p. 9) and Universal Hydrogen 
claim to have collected up to 250 conversion orders for fuel cell retrofit kits (Norris, 2023). KLM 
does not seem to be one of these clients, so we conclude that KLM does describe the zero-emis-
sions aircraft situation relatively accurate, but is not taking much of the development risks, 
which matches their fleet renewal strategies as described in section 5.3.2. 

5.4 Efficient operations and transport logistics 
Operation efficiency covers a range of small improvements. Internally, an airline can train their 
pilots for more fuel saving flying skills, remove unnecessary weight from flights, improve mainte-
nance, etc. Next to these improvements, the aviation sector - KLM included - always mentions the 
operational inefficiencies caused by air traffic control (ATC) issues. Particularly in Europe, with 
its small countries with a national ATC sector each, causes some inefficiencies (EASA et al., 
2023), averaging around 2-4% in terms of additional aircraft kilometres flown as compared to the 
shortest distance physically possible. The Single European Sky (SES) plans are being developed 
to mitigate these inefficiencies and KLM (2023a) expects some 2% carbon intensity improvement 
can be realised if this SES would be implemented by 2030.  
Another efficiency issue, almost ignored by the aviation sector, is the larger distance passengers 
must cover to travel from A to B as compared to the shortest (great circle) distance possible. In 
aviation, two basic network types exist: the ‘’point-to-point’ or ‘fully connected’ network, and the 
‘hub & spoke’ network. Initially, aviation developed through fully connected networks, meaning 
that for every line, direct connections are provided, and transfer are uncommon and not designed 
by the airlines. However, a hub & spoke network provides opportunities for much higher connec-
tivity and frequencies (Brueckner & Zhang, 2001). To understand this, imagine a hypothetical 
network of five airports: one in the middle and four on the edges around it. In a fully connected 
network, one would have to provide 10 different direct connections: four between the centre air-
port, and six between the surrounding four airports. However, one could suffice by just providing 
the four direct flights between de main airport and the four satellites. By arranging these flights to 
arrive and depart all around the same hour of the day, one provides all 10 connections, with a 
maximum of one transfer at the main airport. Given a certain demand, this allows for higher fre-
quencies for the four direct connections than in a fully connected network (when the same aircraft 
types are used, 2.5 times higher frequencies emerge).  
However, already in 1998, Nero and Black (1998, p. 293) concluded “that the problem of exter-
nalities is exacerbated by hub development”, a conclusion that was confirmed regularly by several 
authors: “point-to-point networks have the lowest global environmental impact” (Peeters et al., 
2005, p. 151), hub bypass networks would save considerable environmental costs (Morrell & Lu, 
2007), fuel burn would be about 12% higher in a full hub & spoke network as compared to a more 
directly connected network (O’Kelly, 2012). 
In section 6.3.1 we further explore the impacts of the hub & spoke model on passenger behaviour, 
emissions and network, in an attempt to assess whether the large share of transfer passengers (60%) 
in KLM’s business model provides any opportunities to provide the Netherlands with a reasonable 
network quality but less traffic volume, and some climate justice consequences of this phenome-
non.  
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5.5 Sustainable aviation fuels (SAF) 
Sustainable aviation fuels (SAF) have been proposed since the 1980s to reduce the CO2 emissions 
of aviation (Azar et al., 2003). Particularly, biofuels were included in scenario studies. Currently, 
the aviation industry heavily relies on SAF (Dubois et al., 2023) and KLM is no exemption. ICAO 
(2022b) distinguishes three basic groups of SAF: biofuel (SAF-B), waste-based fuel (SAF-W) and 
synthetic e-fuels (SAF-E). Each of these SAFs has its advantages and limitations. The biofuel 
variant has been increasingly criticised for its large space-use and potential competition with both 
nature and agriculture (Suzan, 2023; The Royal Society, 2023). Another issue is that the life-cycle 
emissions of biofuels are between 65% and 80% (Meerstadt et al., 2021). The latter means that 
even 100% SAF-B use would not enable zero-emissions. The main reason for SAF-B’s large land-
use is the low energy conversion factor of chlorophyl, the green substance in plants that is respon-
sible for photosynthesis, converting solar energy to biomass, which is the feedstock for producing 
SAF-B. Barber (2009) shows this conversion efficiency is only 1-2%, while photovoltaic solar 
panels typically reach 20% conversion (Blankenship et al., 2011). An additional issue with SAF-
B is the energy balance. What is the net balance of energy inputs for harvesting and processing 
biomass and the energy output of the biofuel? O’Connell et al. (2019) show that the balance as 
units of energy required for producing one unit of SAF-B energy varies from 0.5 (you have a net 
gain of energy) to 1.5 (you need 1.5 times the energy to produce only one unit of energy for the 
aircraft).  
SAF-W suffers from the same issues as SAF-B, because it is still based on biomass (The Royal 
Society, 2023) and thus a low solar energy conversion rate, large land-use and the same levels of 
process energy apply. For instance, SAF-B produced from ‘forestry residue’ feedstocks haves an 
energy balance of 1.3, while short-rotation forestry would even show 2.5 (O’Connell et al., 2019). 
Of course, using wasted biomass has the advantage that it would otherwise have no impact at all. 
However, The Royal Society (2023, p. 24) notes for the UK “About 250 million litres of used 
cooking oil is produced in the UK each year. Much of it is not waste, as it is used to feed livestock, 
and to manufacture soap, make-up, clothes, rubber, and detergents”. In other words, there are is-
sues with the definition of ’waste’. Finally, several of the most appropriate waste feedstocks have 
very limited availability. KLM orders its SAF-W with Nesté (1 million tons), which uses mainly 
cooking oil and animal fat waste, and DG Fuels (0.6 million tons), using timber waste, corn stover 
and cotton gin waste.  
The synthetic e-fuels, SAF-E, use CO2 as feedstock. This CO2 can be taken from the industry or 
electricity plants or through direct air capture (DAC) from the atmosphere. Because SAF-E does 
not use biomass, its land-use and water competition with agriculture and nature is low (Schmidt et 
al., 2018). One issue remains and that is the overall energy efficiency of the production of SAF-E, 
which is estimated to become some 42% to 54% (Schmidt et al., 2018), but might currently be as 
low as only 20%, though with a perspective of increasing to some 60% at mid-century (Peeters & 
Papp, 2023). The energy must be 100% renewable to achieve near 100% reduction of CO2 emis-
sions.  
Despite the range of sustainability issues with SAF, the Ministerie van Infrastructuur en Waterstaat 
(2021) describes an aggressive pathway to introduce SAF-W and, later, SAF-E and to produce 
substantial parts of this in The Netherlands or acquire it elsewhere to be tankered into The Neth-
erlands. This latter idea fails to acknowledge that in the early stages of SAF mixing it is far more 
efficient to produce the fuel at the places with most renewables available and to tanker it close to 
where it is produced. As long as  a SAF-exchange would guarantee that those who claim SAF 
indeed have paid for it, it is no longer important for the reduction of the emissions where the fuel 
is exactly used (Peeters & Melkert, 2024).  
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Most forms of SAF will be ‘cleaner’ than fossil kerosene and this might result in an up to 26% 
lower chance contrails and aircraft-induced clouds (AIC) will develop (Märkl et al., 2023). As 
contrails and AIC are responsible for about two-thirds of the non-CO2 effects, 100% SAF-mixing 
may reduce non-CO2 impacts by 17%. A first step could be to use hydrotreated Jet A as proposed 
by KLM (2023a), but not yet implemented. The cost of such a fuel would be just a few per cent 
more than of the currently most used Jet A (Faber et al., 2022).  
KLM mixed 0.8% SAF in 2022 and increased this by 50% to 1.2% in 2023 (KLM, 2024). Based 
on data provided in the annual report of 2023 (KLM, 2024), this added some 2.9% to KLM’s fuel 
cost. Apparently, SAF is 2.5 times more expensive than fossil fuel. KLM has contracted a total of 
1.6 million tons for the period 2023-2036. SAF from Neste and DG Fuels typically use feedstocks 
like renewable waste and residue raw materials such as used cooking oils and animal fat waste15 
and agricultural waste like sugarcane waste16. A full list of feedstocks used for the SAF acquired 
by KLM does not seem publicly available, but Neste claims to follow the RED II European regu-
lations for eligible fuels.  
KLM assumes their SAF to remove 80% of carbon from the lifecycle of the fuel, which is in line 
with numbers published by the two factories. This means that the goal to use 10% SAF by 2030 
would remove 8% of the CO2 emissions.  

5.6 Non-CO2 in KLM’s climate plan 
The climate impact of non-CO2 is large but difficult to weigh against CO2 impacts (see section 
I.IV of Annex I). The methodology of SBTi does not require a goal for non-CO2. Still, a failure to 
address non-CO2 impacts by 2050 would mean a failure to comply with the Paris agreed 1.5 °C 
goal. KLM’s climate plan does not integrate non-CO2 impacts, because “actions to limit non-CO2 
climate effects often result in increased CO2 emissions, and because of a lack of scientific path-
ways” (KLM, 2023a, p. 9). Therefore, the “non-CO2 climate effects that may also contribute to 
aviation-induced warming are not included in this target, but we will find ways to discover oppor-
tunities for mitigating them” (KLM, 2023a, p. 17).  
KLM (2023a) announces two actions that may contribute to reduce non-CO2 impacts: switching 
to more pure fuel like hydro treated Jet A-1 and SAF, and participation in the SATAVIA project 
(SATAVIA, 2024). As section 5.5 shows, a 100% replacement of fossil kerosine with SAF has the 
potential to reduce the non-CO2 impacts by some 17%. A similar improvement might be achieved 
with hydrotreated Jet A (Faber et al., 2022). Note that there is ample evidence that current aviation 
transport growth projections are incompatible with 100% SAF mixing when aviation is allocated 
reasonably available feedstock resources and renewable energy (see section 6.2). 
The SATAVIA project aims to experiment with the idea that applying flightpaths along low con-
trail-prone routes may reduce the forming of persistent contrails and aircraft-induced clouds (AIC) 
(van Manen & Grewe, 2019; Molloy et al., 2022; Simorgh et al., 2022). The problem with SA-
TAVIA is not so much the attempt to experiment with avoiding contrails, but the idea to create a 
business case by selling the avoided contrail impacts as carbon credits is worrying for the follow-
ing reasons (Peeters et al., 2023, p. 33): 

 
15 Sources: https://www.neste.com/products-and-innovation/sustainable-aviation/case-stories/how-delta-and-neste-are-
working-toward-making-flying-more-sustainable and  

16 Source: https://louisiana.dgfuels.com/.  
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1. “The effect of contrails and cirrus clouds is about equal to the accumulated amount of 
aviation’s emissions since 1945, which means that per avoided contrail, a very large 
amount of CO2 credits can be claimed at extremely low cost (Klöwer et al., 2021a). 

2. The simple exchange of contrails versus CO2 ignores the large impact of intra- 
respectively the inter-generation effect (see explanation section I.IV of Annex I). 
Actually, in this way aviation would swap intra-generational problems by inter-
generational climate impacts, which may partly last for over a thousand years (Alonso et 
al., 2019).  

3. Compensation is not credited by SBTi.” 

 
Still, experimenting with contrail avoidance is a just investment, but better without the offsetting 
business case as in the example of Boeing and NASA (Gates, 2023). In general, avoidance tech-
niques cause a fuel burn penalty which is problematic if fossil kerosene is used. But as soon as 
100% e-fuels are used, the CO2 emission penalty becomes zero and contrail avoidance highly vi-
able. Overall, KLM only reduces non-CO2 emissions through its efficiency measures and slightly 
through the SAF mixing. KLM has no specific non-CO2 reduction policy.  
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6 Climate justice in KLMs climate plan 

6.1 Introduction: the airline climate justice framework 

 
This final chapter assesses the KLM climate plan against the airline climate justice framework 
shown in Figure 10 based on Zimm et al. (2024). It is important to understand the realm of this 
chapter. We will provide data about inequalities regarding KLM’s current business model, current 
emissions budget and proposed mitigation in terms of benefits and burdens distribution, but we 
will not judge whether any of these is ‘just’ or not. This chapter is to inform the political, societal 
and scientific debate about climate justice with all kinds of information, data, and considerations. 
According to KLM’s Climate Action Plan and 2023 Annual report, emissions reduction scenarios 
play a central role in KLM’s stated climate objectives and actions. In this chapter we will discuss  
in section 6.2 the distributional utilitarian justice issues like shares of the remaining carbon budget 
(6.2.1), shares of land-use and resources (6.2.2), and renewable energy (6.2.3). The next section 
(6.3) discusses sufficientarian justice particularly in terms of the effects of detours passengers are 
made to make due to the hub & spoke networks (6.3.1) and the individual necessity of air travel 
(6.3.2), the role of aviation in the development of least developed countries (6.3.3), and assump-
tions about the role demand for air travel projections play (6.3.4). Section 6.4 discusses elements 

Key Findings 

1. In general, aviation is aware of the limitations of its proposed mitigation options, 
particularly for SAF and e-fuel, and renewables and resource availability. But this is 
framed as an economic issue, questioning how to safeguard access to sufficient 
resources to cover aviation’s demand, rather than in terms of just and efficient use of 
those resources.  

2. Aviation assumes to be eligible to take a higher-than-average share of the remaining 
carbon budget because of their assumed hard-to-abate status.  

3. This argument is difficult to defend when curbing air transport volume is also a viable 
and equitable option to achieve zero emissions. 

4. Instead, KLM, by its pricing strategy, expands the transfer market and its economic 
growth and turn-over, a strategy which reduces passenger route efficiency and adds to 
overall emissions of the airline.  

5. The average distance and emissions of a transfer passenger more than double those of 
the average OD-passenger, making KLM’s business model at odds with its climate 
targets. 

6. Though KLM is aware of the difficulties in securing sufficient SAF to become zero-
emissions by 2050, it does not acknowledge this in terms of limitations to its growth 
potential. 

7. This analysis shows opportunities to substantially reduce the number of transfer 
passengers while retaining most of the current OD-connectivity. This would help to 
cope with the limitations of the mitigation measures proposed by KLM and the 
subsequent failure to reach climate just targets.  
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of procedural justice related to the ‘hard-to-abate’ argument. The final section (6.5) provides an 
overview of how KLM’s Climate Plan is related to the climate justice issues raised.  
Based on the climate justice framework provided by Zimm et al. (2024) given in Figure 1, we 
developed an airline climate justice framework, see Figure 10.  
 

 
Figure 10: The airline climate justice framework. Inspired by (Zimm et al., 2024). 
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For the five dimensions of justice, we made following choices (see Figure 10):  

• As the area of justice, we have chosen climate mitigation as the focus point for an airline. In 
tourism and travel, of which aviation is a substantial part, one can define climate mitigation 
policies as policies regarding mitigating emissions, adaptation (of destinations, transport 
systems) to climate change and of adaptation of both the industry (destinations, tour operators, 
airlines) and tourists to climate mitigation policies (Dubois & Ceron, 2006). Adaptation is 
mainly a problem in destinations (Dubois & Ceron, 2006; Scott et al., 2023), though airlines 
do suffer from atmospheric changes caused by climate change (Ryley et al., 2020), including 
extreme weather events, flooding and heavy clear-air turbulence17. The damages from climate 
change are unequally distributed over the world, as those who contributed least are likely to be 
hit hardest (Millward-Hopkins & Oswald, 2021). We will include adaptation to climate 
mitigation policies, but ignore adaptation to the impacts of climate change itself. So, the 
increase of for instance severe weather and high-clear skies turbulence on the safety and 
reliability of air travel (Chen et al., 2021; Koetse & Rietveld, 2009) is not part of our study.  

• The scope of justice for our study is an airline, the KLM, but we will derive arguments at both 
global and national scopes and even on some generational issues, particularly regarding the 
balance between policies addressing CO2 and non-CO2 impacts of air travel. 

• The form of justice chosen is both Distributional and Procedural. Distributional justice – 
historically at the core of the environmental justice debate (Schlossberg, 2007) – looks at how 
(scarce) resources should be distributed. Distributive considerations are more often implicit 
than explicit in climate policies (Zimm et al., 2024). In climate mitigation of aviation, 
distributive justice considerations revolve around the question of who can claim or use what 
share of the remaining emissions budget and available energy stock until 2050. Procedural 
justice looks at the fairness of processes. In this form of justice, questions about involvement 
of different actors, the implications of the decisions of those who have (not) been involved, 
and the common assumption by policy-developers that aviation is a hard-to-abate sector play 
a role in determining the set of policies recommended. Distributive and procedural justice 
considerations can be considered relevant for climate mitigation policies of aviation. The 
current distribution of emissions from commercial air transport is highly uneven and resembles 
in part historically rooted inequalities of a geopolitical order that can be traced back to Western 
colonialism (see e.g. Ghosh, 2021). Gössling and Humpe (2020) for instance find that in 2018 
at most 1% of the world population caused more than half of the commercial air transport 
emissions and that until 2050 most of these emissions will come from Western countries (North 
America and Europe), petrostates in the Middle East, and China.   

• The metrics of justice only apply to the distributional form of justice. For the metric of justice 
in aviation both the welfare effects, and energy are relevant. Travel is typically a hedonic 
behaviour for increasing the well-being of the traveller and welfare of the travel-providers. 
Though energy is the bottom-line of the resources for climate mitigation policies, we have also 
added resources to the distributional issues, because to produce SAF or hydrogen solutions 
may require large stretches of land, feedstock resources and even rare metals. For each of these 
metrics, the pattern of justice can be chosen. We identify that utilitarian and sufficientarian 
are most relevant for airlines and aviation.  

 
17 This type of turbulence is dangerous, because it is invisible and difficult to predict. 
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The utilitarian pattern of justice, and particularly the limited economic variant of it18, is important 
because it is the dominant principle of global aviation emissions reduction policies. Utilitarianism 
does not directly question consumption growth as we have seen in section (3.5). As explained by 
Zimm et al. (2024), the economic variants of utilitarianism seek maximalisation of total welfare 
by means of selecting economically optimal pathways assuming that consumption contributes to 
welfare. Utilitarianism applies the cost-effectiveness principle to prioritise least cost emission re-
ductions over high-cost reductions and does not distinguish between essential and non-essential 
emissions. In contrast, the sufficientarian pattern of justice seeks to define a threshold of consump-
tion that still meets basic human needs and living standards (Zimm et al., 2024). In economic 
utilitarian analysis, the willingness to pay is generally leading and therefore does not distinguish 
between emission reductions essential for survival and human decency and emissions inessential 
for human survival or decency (Shue, 1993). The sufficientarian pattern of justice is relevant here 
as air travel consumption growth has outpaced beneficial effects of technological innovation (see 
section I.II in Annex I). As low, middle- and high-income segments of the world population ex-
pand, technological solutions have to reduce impact but also compensate for the effects of increas-
ing affluence (Wiedmann et al., 2020). This is particularly relevant for aviation, as mobility related 
consumption disproportionately increases with income (Wiedmann et al., 2020).  

6.2 Distributional utilitarian justice 

6.2.1 Share remaining carbon budget 

The remaining carbon budget (RCB) is defined as “the amount of remaining allowable CO2 emis-
sions that is consistent with limiting global warming to a specified temperature target (such as 1.5 
°C warming above the pre-industrial) with a given probability” (Dickau et al., 2022, p. 91). Dickau 
et al. (2022) find some general conclusions consistent for RCB calculating methods: (1) the RCB 
for 1.5 °C is small, and on the order of several hundreds of Gt CO2 (best estimate in IPCC, 2023 
is 500 Gt CO2), (2) the RCB for 2 °C is expected to be in between 1000 and 1500 Gt CO2 (best 
estimate in IPCC, 2023 is 1150 Gt CO2), (3) the RCB for 2 °C has a wider range of uncertainty 
than 1.5 °C RCB, and (4) there is a low (but non-zero) probability that the RCB for 1.5 °C has 
already been exceeded. An additional factor is that each RCB is accommodated by a chance for 
staying within the goal temperature. Generally, these chances vary between 50% and 66%, mean-
ing that there is 34-50% chance the budget does not prevent the envisioned temperature rise. RCB 
estimates need to be updated regularly, following scientific understanding, RCB exhaustion by 
continued annual emissions and mitigation progress (Damon Matthews et al., 2021).  
A main issue is how to distribute the RCB over countries, sectors and companies. Nationally de-
termined contributions’ (NDC) goals were initially determined by each country, but then later 
added and reshaped to still reach the overall global goal (van den Berg et al., 2020). Issues are that 
fairness is generally based in effort-sharing (per capita or per unit of economy), but contributions 
to climate change from the past, including grandfathering19 (Knight, 2013), can heavily influence 
the result. Anyway, according to van den Berg et al. (2020, p. 1805), for developed countries, “all 

 
18 Note that utilitarian analyses may also be defined for non-economic utilities like the value of being in unspoiled nature or of 
clean water in lakes and rivers.  

19 “Emissions grandfathering maintains that prior emissions increase future emission entitlements. The view forms a large part 
of actual emission control frameworks, but is routinely dismissed by political theorists and applied philosophers as evidently 
unjust.” (Knight, 2013, p. 410)  
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effort-sharing approaches except grandfathering lead to more stringent budgets than cost-optimal 
budgets, indicating that cost-optimal approaches do not lead to outcomes that can be regarded as 
fair according to most effort-sharing approaches.” Turning to the aviation sector, ICAO (2022b) 
calculated that international aviation would consume between 4.1% (IS1) and 11.3% (IS3) of the 
global RCB of circa 400 Gton CO2, which translates to about 6.1% respectively 17% when do-
mestic aviation would be included. Cames et al. (2023) propose the emissions share in 2018 as a 
‘fair share’ for the RCB, which was 1.7%. This means that in the LTAG IS1 scenario, aviation 
takes 3.6 to ten times its ‘fair share’ based on the current share.  
Based on the global scenarios given in Figure 2 we drafted Table 10. None of the scenarios reach 
the fair share of 1.7% in their budget use, while the overshoot is generally around 400%. Only the 
‘Envisioning 2030’ scenario comes relatively close to the 1.7% share proposed by Cames et al. 
(2023). 
Table 10: RCB shares of aviation in various scenarios as approximated by the data given in Figure 2. 

Scenario Accumu-
lated 
emissions 
(Gton) 

Share 1.5 °C 
budget 

Overshoot of 1.7% fair 
share (Cames et al., 2023)  

ATAG 22.1 5.51% 324% 

ICAO (LTAG IS1) 69.4 17.36% 1021% 

ICAO (LTAG IS2) 44.3 11.07% 651% 

ICAO (LTAG IS3) 26.9 6.73% 396% 

ICAO (P.29) 26.6 6.66% 392% 

SBTi 23.1 5.78% 340% 

Envisioning 2030 11.5 2.87% 169% 

 
Grebe et al. (2024) have investigated two IPCC global RCBs for determining remaining carbon 
budgets for global and for Dutch aviation: the 500 Gt budget (50% likelihood that global warming 
is limited to below 1.5 °C) and the 700 Gt budget (67% likelihood that global warming is limited 
to below 1.7 °C). The second budget is not in line with limiting global warming to 1.5 °C, and the 
extent to which this budget is Paris-aligned is debatable. The authors have allocated the remaining 
carbon budget for global aviation’s 2019 CO2 emissions share of minimal 2.4%, and maximum 
3.9%.  
A decreasing share, justifiable from a luxury product and inequal access perspective, is not pur-
sued. Non-CO2 effects are excluded. With a 2.4% share, the two RCBs for global aviation would 
be 12.0 Gt and 16.8 Gt respectively; with a 3.9% share 19.5 Gt and 27.3 Gt respectively (see Table 
11). The upper bound for a Dutch aviation budget is a 1.5ºC pathway-aligned 205 Mt which, with 
current level of emissions, would be exhausted around 2038. Based on a 3.9% hard-to-abate share, 
this would require at least 30% CO2 reduction in 2030. With a 2.4% share, CO2 emissions would 
need to be 77% lower in 2030.  
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Table 11: Overview of carbon budgets for global aviation and Dutch aviation. Source: (Grebe et al., 2024) 

Global RCB 50% 1.5° (500 Gt) 66% 1.7° (700 Gt) 

 Global Avi-
ation RCB 

Dutch Avia-
tion RCB 

Global Avia-
tion RCB 

Dutch Avia-
tion RCB 

Current share of aviation 
2.4% 

12.0 Gt 126 Mt 16.8 Gt 176 Mt 

IEA NZE share of avia-
tion 3.9% 

19.5 Gt 205 Mt 27.3 Gt 287 Mt 

 
Grebe et al. (2024) show that the share of Dutch aviation of global aviation volume (number of 
flights) is currently 1.16%. When the global carbon budget would be distributed proportionally to 
countries by shares of the world population in the period of 2019-2050 – ignoring economic de-
velopment or countries’ current aviation, the share of the Netherlands would be only 0.21% or 5.5 
times less than the current share of aviation (Grebe et al., 2024). The conclusion is that aviation 
assumes to be eligible to take a higher-than-average share of the remaining carbon budget 
rather than accepting a reduction of its volume to align with other sectors.  

6.2.2 Share land-use/recourses 

Fuel supply issues are a key financial risk for airlines and securing fuel supply (any fuel) is a key 
risk mitigation activity of KLM. KLM spreads risks by having multiple suppliers and multiple 
supply methods to its hub, Schiphol Airport (KLM, 2024). In its 2023 annual report, KLM lists 
several SAF-related transition risks: jet fuel price increases due to SAF mandates and new carbon 
taxes. First, they see a legal and political risk as “insufficient support from governments regarding 
SAF and synthetic fuel deployment”. Second, the exposure to “litigation linked with low credibil-
ity of SAF for decarbonisation or use of feedstock causing adverse environmental outcomes” is a 
reputational risk. Third, the inability to secure sufficient SAF volumes and/or competitive prices 
for SAF “to meet public targets” is a technological risk (KLM, 2024, p. 101). Securing sufficient 
supplies of SAF appears to be a key matter for KLM to meet its SBTi targets.  
In its Climate Action Plan, KLM explains that it has the ambition to replace 10% of their fuel use 
by SAF in 2030. In 2023, the actual share of SAF accumulated to 1.2%, 50% up from the 0.8% in 
2022 (KLM, 2024). Based on data for KLM (KLM, 2024) and the Boeing Cascade model (Boeing, 
2024), we calculated that KLM consumed 1.38% of all globally produced SAF in 2023. By 2030, 
the 10% SAF KLM share want to use would amount to 1.5% of all SAF expected by the Cascade 
model to be globally available. However, IATA (2023b) expects a much lower production of SAF. 
Based on IATA’s numbers, KLM used 7.7% of the global production in 2023. IATA (2023b) also 
provides a projection of the production in terms of the ‘need’ for SAF based on their Net-zero 
2050 scenario. Based on this needed amount of SAF and what KLM plans to use (10% in 2030), 
the share of KLM reduces to 2.0% of the global needed production. However, this share would 
increase to 5-6% if KLM would also acquire the ‘additional’ amount of SAF we calculated as 
necessary to meet their own 30% carbon intensity target in 2030 (see section 5.2).  



 

 

  

70 

In its Climate Action Plan, KLM displays that the company is aware of the difficulties in se-
curing sufficient SAF up to 2050. It refers to a recent study by NLR on the supply of feedstocks 
for more sustainable aviation fuels in the Netherlands (Meerstadt, 2021). KLM concludes from 
this study that it is not realistic to assume that all available bio-based feedstock (domestic and 
imported) will be allocated to aviation and that domestic supply can only meet a fraction of antic-
ipated demand. Therefore, it presents e-fuel as solution, as the supply of this type of SAF is not 
constrained by feedstock supply. KLM is aware that “it depends heavily on the amount of excess 
renewable electricity allocated to the aviation sector” (KLM, 2023a, p. 37). NLR is a bit less opti-
mistic in their formulation: e-fuel supply relies on a) the potential amount of excess renewable 
energy produced in the Netherlands (so there should be more supply than demand in other sectors 
first) and b) the amount of this excess demand available for the aviation sectors (Meerstadt, 2021). 
Section 6.2.3 further explores renewables constraints to the production of e-fuels.  

6.2.3 Share renewables 

The chemical industry and aviation are the only sectors where final energy consumption is ex-
pected to increase towards 2050 (IEA, 2023b). In the leading aviation roadmaps, including that of 
the IEA, the energy demand of global aviation is expected to range from 9 to 16 EJ in 2030 and 
14 to 25 EJ in 2050 (IATA et al., 2024). To put this in perspective: IEA estimates a total global 
final energy consumption of 340 EJ in 2050 in its 2023 NZE scenario, from 442 EJ in 2022. Bio-
fuels are suggested to be able to cover a share of 33% of final aviation energy consumption in 
2050, and e-fuels 37% (IEA, 2023b). A share of 70% of all fuel is thus to be replaced by SAF, 
partly SAF-W, enabling some 60-65% emissions reductions. That is far from zero, particularly as 
this reduction comes with an increase in fuel of some 50% in 2050 compared to 2019.  
Energy demand of Dutch aviation is expected to increase from 167 PJ in 2019 to 200 PJ in 2050 
(range 140-240 PJ). Extra high SAF blending could lead to slightly lower energy demand due to 
lower air travel demand, stabilizing at 170 PJ in 2050. In a SAF-focused scenario this would re-
quire some 120 PJ from SAF and 50 PJ from e-fuels in 2050. In an e-fuel-focused scenario 50 PJ 
from SAF, 100 PJ from e-fuels and 20 PJ from hydrogen (Davydenko et al., 2024). Van der Sman 
et al. (2021) estimate an energy need of 83 – 131 PJ to produce e-fuel for Dutch aviation in 2050. 
However, in the aforementioned e-fuel scenario (Davydenko et al., 2024), only 60% of SAF is e-
fuel, while zero-emissions cannot be achieved with other forms of SAF and the assumed 12% of 
hydrogen seems rather optimistic. Therefore we have increased the e-fuel share to 100%. When 
we apply that to power capacity calculations of Van der Sman et al. (2021) e-fuel production would 
require the equivalent capacity of up to five 12 TWh nuclear power plants or that of 1,590 12 MW 
wind turbines, occupying some 1,700 km2 of North Sea wind space. Geilenkirchen et al. (2024) 
also conclude that the renewable energy demand in 2050 will possibly amount to 38% to 92% of 
the envisaged Dutch wind energy capacity. Davydenko et al. (2024) even arrive at 80% of all 
envisaged wind turbine capacity for replacing 70% of all fossil kerosene, i.e. more than 100% of 
Dutch wind energy when all kerosene is replaced. Clearly, an e-fuel powered aviation sector would 
use very high shares of renewable energy in the Netherlands; likely a much higher one than the 
current direct added value of Dutch air transport to the Dutch economy of 1.2% (CBS, 2024). For 
Schiphol Airport, added value to the Dutch economy, including indirect and induced added value, 
might amount to 2% to 8% (Burghouwt et al., 2017). A large company with a couple percent 
added value taking 100% of all wind energy, is at odds with a fair distribution of precious 
renewables in high demand.  
Renewable energy costs and availability, as well as space capacity, will likely lead to imports of 
e-fuels and feedstocks from abroad. Meerstadt et al. (2021) expect that Dutch biomass resources 
can only meet some 15% of demand for aviation fuel. These authors estimate that the electricity 
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demand to produce synthetic fuels for Dutch aviation could in theory be met on the domestic mar-
ket, if all excess renewable energy were to be allocated to this.  
An important question in terms of climate justice, is how renewable energy is distributed between 
regions, people and sectors. Only Peeters and Papp (2023) performed a serious attempt to deter-
mine the consequences of such a fair-share constraint. They assumed that the renewables share for 
aviation should never rise above some 10%. This is the share for the whole tourism and travel 
sector, though the majority goes to aviation’s e-fuels. The 10% is about the share of the wider 
tourism & travel industry in the global economy, including indirect and induced economic impacts 
(WTTC, 2021). The direct economic impact of the T&T sector is about one-third of this, so one 
may reason 10% is still a relatively high share. The pathway developed by Peeters and Papp (2023) 
assumed the share of e-fuels to grow along an S-curve from 0% in 2025 through 50% in about 
2038 to 100% in 2050. This would require an average renewable share of 6% with a maximum of 
9% in 2037. The main outcome was that global aviation cannot grow between 2019 and 2050 
in a scenario depending on a fair share of renewables. 

6.3 Distributional sufficientarian justice 

6.3.1 Pax and detours 

In section 5.4 we provided a short introduction to the phenomenon that passengers are not always 
following the shortest route for a journey but take an indirect route with one or more transfers. Of 
course, such behaviour has consequences for the emissions to make a certain journey from A to B. 
In this section we try to further analyse the size of these effects on total emissions and the role of 
KLM’s business model and pricing in the development of this behaviour.  
One important note on the content of this chapter: much of what we explore here is ‘terra incog-
nita’. Therefore, we do not suggest the data given in this section are exact, nor the definitive answer 
to questions about detours made by passengers because of the supply system of an airline is given. 
The whole section is explorative and provides indications of issues, opportunities and direction of 
further research, and changes in thinking about the business models airlines choose.  
KLM’ business model is the hub & spoke network using Amsterdam Schiphol Airport as its hub. 
Table 13 shows, based on data from OAG (2024), that 60% of KLM passengers were transfer 
passengers, not starting from or travelling to Amsterdam Schiphol Airport (AMS), though still 
making a stop at the airport. Figure 11 shows an example of the connection between New Delhi 
and Toronto, and the seven indirect alternatives through AMS which KLM sold tickets for.  
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Figure 11: Example of routes sold by KLM between DEL (New Delhi) and YYC (Toronto). A direct connection 
of at least one flight per day does exist (the white line). Note: data for January 2023. Source of map: (Swartz, 
2020).  

Table 12 shows the consequences of these indirect flights between New Delhi and Toronto for 
emissions. If KLM’s passengers would have flown directly, rather than using AMS as a hub, they 
would have saved 11% of CO2 emissions on average, with a range of 9% to 27% over the various 
routes sold. As the total number of direct flights between DEL and YYZ is almost ten times the 
number of indirect tickets sold, the global impact is 1.0%. We included in ‘global impact’, the 
emissions of all direct flying passengers plus all KLM transfer passenger, but ignored eventual 
transfers provided by other airlines. This may seem a low percentage, but it was deliberately gen-
erated by KLM’s policy to offer the connecting flights at on average 19% lower ticket prices than 
the direct connection (averaged over all seat classes).  
Table 12: overview of the consequences of the connecting flights KLM offers to the New Delhi-Toronto con-
nection (both ways). Note: data for January 2023. Source flight data: OAG (2024). 

Journey sold by KLM Index ticket 
price (di-
rect=100) 

Sum of 
Esti-
mated 
Pax 

CO2 (tons) CO2 direct alterna-
tive (tons) 

CO2 pen-
alty 

DEL-YYZ (direct 
flights) 

100 21,950 17,660 17,660 0% 

DEL-YYZ (indi-
rect): 

81  2,127   1,915   1,711  11% 

DEL-AMS-DTW-YYZ 71 31  29   25  15% 

DEL-AMS-JFK-YYZ 60 24  23   19  14% 

DEL-AMS-YUL-YYZ 51 58  53   47  11% 

DEL-AMS-YYZ 85 1,701  1,489   1,368  8% 
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Journey sold by KLM Index ticket 
price (di-
rect=100) 

Sum of 
Esti-
mated 
Pax 

CO2 (tons) CO2 direct alterna-
tive (tons) 

CO2 pen-
alty 

DEL-BLR-AMS-YYZ 62 69  76   56  27% 

DEL-BOM-AMS-YYZ 63 224  227   180  20% 

DEL-HEL-AMS-YYZ 129 19  18   16  13% 

Airport codes: DEL (New Delhi), AMS (Amsterdam), DTW (Detroit), YYZ (Toronto), JFK (New York), YUL (Mont-
réal), BLR (Bangalore), BOM (Mumbai) and HEL (Helsinki).  

 
An example with a more substantial global emissions impact is the route between Lisbon and São 
Paulo. KLM raises the global emissions by 4.1% on this route by offering three alternatives (see 
Figure 12) with on average 34% lower ticket prices as for the direct route.  
 

 
Figure 12: Example of routes sold by KLM between GIG (São Paulo) and LIS (Lisbon). The direct connection 
is shown by the white line. Note: data for January 2023. Source of map: (Swartz, 2020). 

Table 13 shows the share of passengers, their distances, and emissions for all types of KLM pas-
sengers. OD-passengers that flew on a direct flight make up 37.4% of all passengers, against only 
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1.7% of all who made a transfer elsewhere (not on AMS). The higher share of foreign OD-passen-
gers shows that the number of tourists20 arriving by air to the Netherlands is higher than the number 
of Dutch departing from AMS, which resembles the situation that currently inbound tourism is 
larger than outbound tourism. In total, KLM’s hub & spoke business model causes 11.4% more 
pkm and 11.8% more emissions as compared to a situation in which passengers had only flown 
direct routes. In the transfer market, i.e. ignoring passengers flying from or to AMS, direct alter-
natives could theoretically have saved 12.3% of the distance travelled and 14.8% of CO2 emis-
sions. Of course this depends on the existence of a direct alternative. We explored whether alter-
natives exist using the data from OAG (2024).  
Table 13: Overview of different types of KLM passengers in January 2023. Source: (OAG, 2024). 

Row Labels Passen-
gers (103) 

Share of pas-
sengers (%) 

Distance 
(106 pkm) 

Distance 
saving if 
direct (%) 

CO2 journey 
(kton CO2) 

CO2 saving if 
direct (%) 

O/D  643  39.2%  94  4.2%  152.7  1.2% 

Dutch  295  18.0%  26  7.0%  81.6  1.1% 

Direct  280  17.1%  5  0.0%  73.1  0.0% 

Indirect  15  0.9%  21  8.6%  8.5  10.8% 

non-Dutch  348  21.2%  68  3.1%  71.2  1.3% 

Direct  334  20.3%  43  0.0%  63.5  0.0% 

Indirect  14  0.8%  25  8.6%  7.6  11.8% 

Transfer  998  60.8%  756  12.3%  529.1  14.8% 

Dutch  4  0.2%  1  10.0%  1.4  14.8% 

Indirect  4  0.2%  1  10.0%  1.4  14.8% 

non-Dutch  994  60.6%  754  12.3%  527.8  14.8% 

Indirect  994  60.6%  754  12.3%  527.8  14.8% 

Grand Total  1,641  100.0%  850  11.4%  681.9  11.8% 

 
For January 2023, Table 14 shows that between 8% and 23% of indirect flying KLM passengers 
would have had a direct alternative available. The emission savings of letting these passengers fly 
directly, would have been between 1.1% and 2.7%, depending on the frequency quality required 
for the alternative. The savings for non-direct flights that have an alternative are around 20% and 

 
20 In this report, the definition of a ‘tourist’ is the one given by UNWTO: everyone who stays at least one nights outside the 
normal environment regardless of the motive (so including leisure, holidays, business and visiting friends and relatives). 
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for all indirect flights nearly 15%. In terms of KLM destinations reached indirectly, 79% has a 
potential direct alternative. Assuming KLM would skip its policy to attract indirect flying passen-
gers, they could potentially reduce the number of passengers between 8% and 23%. Concomi-
tantly, KLM’s total indirect flight emissions would then reduce their emissions by 4% to 11% for 
all its emissions. 
Table 14: Overview of passenger, destination and CO2 figures for KLM’s indirect flights and potential CO2 
emissions savings through direct alternatives for January 2023. Source data: (OAG, 2024). 

Metric All in-
direct 
flights 

All indi-
rect 
flights 
with any 
direct al-
ternative 

All indirect 
flights with 
>1 direct al-
ternative per 
day 

Share with 
any direct al-
ternative 

Share with 
>1 direct al-
ternative per 
day 

Passengers (103)  1,026   233   83  22.7% 8.1% 

Number of destina-
tions 

894 237 109 26.5% 12.2% 

CO2 all direct and in-
direct flights on OD-
pair (106 kg) 

 545   73   28  13.3% 5.2% 

CO2 direct (106 kg)  465   58   23  12.4% 4.9% 

Potential CO2 sav-
ings (% of all direct 
plus indirect flights 
of OD-pair) 

-14.7% -20.4% -20.3%   

Potential CO2 saving 
of KLM’s total 

 -2.7% -1.1%   

 
We also looked in more detail to the OD-market, in which passengers fly direct or indirect to and 
from AMS, rather than using AMS for a transfer between two other airports. Table 15 shows that 
95.6% of all passengers take a direct flight to or from Schiphol. The indirect flights produce 11.3% 
more CO2 emissions compared to a scenario in which all these flights would have been direct. If 
all OD-flights were direct, this will save 1.2% of OD emissions.  
Furthermore, the direct OD-market supports 22% of all OD-destinations. This means that simply 
abandoning indirect OD-flights would significantly erode the network served. But this is not nec-
essarily the case if many transfer passengers would be abandoned, because the number of destina-
tions served with all flights – OD plus transfer - is 894, while all OD-traffic still serves 700 desti-
nations. Whether all destinations really can be served with a reasonable frequency depends on the 
types of aircraft used and the network served. Particularly the new Airbus A321XLR can fly 8700 
km with some 200 passengers, allowing for a doubling of the frequency compared to the current 
situation where KLM uses wide-body aircraft typically seating 350 to 400 passengers. 
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Table 15: Overview of passengers flying OD-journeys to and from AMS Schiphol Airport by KLM and potential 
CO2 emissions savings for all passengers, for January 2023. Source data: (OAG, 2024). 

Metric OD Direct OD Indirect OD Direct OD share 

Passengers (10^3)  642.7   614.2   28.4  95.6% 

Number of destinations  700   156   668  22.3% 

CO2 all direct and indirect 
flights on OD-pair (10^6 kg) 

 152.7   136.6   16.1  89.5% 

CO2 direct (10^6 kg)  150.9   136.6   14.3  90.5% 

Potential CO2 savings (% of 
journey) 

-1.2% 0.0% -11.3%  

 
Because of the above considerations, we dive a bit deeper into the question what would happen if 
KLM would partly abandon its transfer market. This question is relevant because a recent study 
found that accumulated direct spending of passengers of 30% of all flights to Schiphol Airport is 
lower than the environmental cost of CO2 emissions caused by these flights (Peeters et al., 2024). 
This was a rough estimate based on rough estimates of the types of passengers (inbound OD, 
outbound OD or transfer) per flight. The main parameter determining the level of the net contri-
bution to the Dutch economy was the share of transfer passengers. For KLM, in January 2023, the 
transfer-journeys - 60% of all passengers - by KLM-passengers21 caused 78% of all KLM’s emis-
sions. Transfer-passengers generally fly longer journeys, so the share of emissions is higher than 
the share of trips.  
One can question the hub & spoke policy of KLM. For the Dutch economy, this policy has only a 
relatively small direct value (Peeters et al., 2024). As 96% of all OD-passengers fly direct, the 
relevance of the many additional destinations on offer because of the hub & spoke network relates 
only to 4% of all OD-passengers.  
We explored the options for a dedicated de-growth strategy aimed at saving most of the destina-
tions and flights on offer to OD-passengers (direct and indirect). The threshold criterion is for at 
least one flight per day. Figure 13 shows the results. The analysis showed (based on data for 
January 2023) an opportunity to reduce the number of passengers by 26% of the total KLM 
passengers and save about 30% of the total emissions of KLM. This could be achieved by 
just removing transfer passengers in such a way that almost all OD-connectivity is retained 
(<1% of current OD destinations will not be served).  
 

 
21 Note that we define a ‘KLM-passenger’ as one that makes uses for at least one segment of the whole journey a flight with 
KLM as operator. 
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Figure 13: Relationship between the number of transfer passengers that could be removed and the share of 
OD-passengers that will not be served anymore. Source data: (OAG, 2024).  

One of the reasons passengers choose to fly indirectly, is KLM’s pricing policy. We compared 104 
OD-relations with data about ticket prices and plotted the results Figure 14. The figure shows that 
about half of the indirect KLM-tickets are cheaper (points below the orange diagonal which shows 
equal prices) than those for the direct alternative. The trend line shows that for short distances, 
KLM tends to be more expensive, but that with increasing prices (and presumably distances), the 
average prices for indirect KLM flights become lower than for direct alternative tickets.  
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Figure 14: Comparison of a range of OD-relationships (n=104) KLM sells indirect tickets for while an alter-
native direct flight does exist (for January 2023). Source data: (OAG, 2024). Note: we chose double logarith-
mic scales to provide better separation of data-points while still showing linearity.  

Table 16 compares the average ticket prices for the cases where KLM is cheaper, more expensive 
and the total. The flights with a direct alternative tend to be substantially cheaper (some 54% of 
the direct alternative route), while in cases the KLM tickets are more expensive, the deviation is, 
on average, only a few percent. Note that the average distance of KLM’s flights is some 25-30% 
shorter than for the alternatives, because KLM offers higher shares of relatively short flights with 
a transfer (not necessarily at AMS). 
Table 16: Comparison of KLM’s ticket prices and the direct alternative ticket price for 104 journeys in January 
2023. Data source: (OAG, 2024). 

KLM pric-
ing of route 

KLM average 
fare 

Direct alterna-
tive average 
fare 

KLM/Alt 
fare 

KLM route 
cheaper 

 $349.37   $649.84  53.8% 

KLM more 
expensive 

 $307.79   $303.91  101.3% 

All tickets  $316.42   $473.46  66.8% 

 
Often, the aviation sector suggests that there is demand for aviation products and that airlines 
simply accommodate this demand. This is the main point of view for the ‘hard-to-abate’ principle 
(see section 4.3.3). However, demand and supply are shaping each other (Hepting et al., 2020). 
For all 41 direct connections shorter than 800 km KLM offered in January 2023, we calculated the 
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fare per passenger-kilometre of a direct flight of these short OD-connections. Then we calculated 
the average per passenger kilometre fair for all transfer journeys that made use of these 41 short-
haul legs. Comparing the fairs as function of distance, we found the short-haul leg-fares if flown 
as a direct flight, were substantially higher than then fares on the transfer flights making use of the 
short haul legs. (see Figure 15) This confirms in an even stronger way the results where we com-
pared OD relations with both direct and indirect flights (see Figure 14). As the pricing strategy is 
largely determined by the management of the KLM, this means that at least part of the transfer 
market is deliberately targeted by the KLM for business reasons. This is relevant for both the 
discussions about climate justice and about the ‘hard-to-abate’ status of aviation.  

 
Figure 15: The average cost per km of tickets for short-haul (SH) direct connections of less than 800 km and 
the cost for non-direct journeys offered by KLM making use of these direct connections, for January 2023. 
Only flights with fare data given. Source data: (OAG, 2024). 

The conclusion of the analyses in this section is that KLM, by its pricing strategy, increases the 
transfer market and its economic growth and turnover; a strategy which reduces passenger 
route efficiency. This never seems to be considered in aviation and climate change commu-
nication, but should be part of the discussion about reaching climate goals. Furthermore, we 
found that KLM would be able to reduce its transfer transport volume by some 44%, saving up to 
30% of the overall emissions, without fundamentally damaging its OD-network. Of course, this 
move will only succeed if it is gradually implemented over some 5-10 years, as simply removing 
26% of all passengers next year would likely cause many financial issues for the airline. But it can 
be concluded that a strong degrowth of KLM would bring the achievement of fair climate 
goals significantly closer.   

6.3.2 Essential flights 

When discussing climate justice, it is unavoidable to also discuss levels of consumption and over-
consumption (Wiedmann et al., 2020). Or as Wiedmann et al. (2020, p. 3) write: “to differentiate 
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between superfluous consumption, which is consumption that does not contribute to needs satis-
faction, and necessary consumption which can be related to satisfying human needs”. There are 
not many studies covering this topic. A direct measurement of the ‘need’ for flights was done by 
Gössling et al. (2019). They found that relatively high shares of flights taken by frequent flyers 
were reported to be of ‘limited or no importance’. For leisure flights this was 23.6%, for work-
related flights even 31.5%, and for VFR (visiting friends and relatives) 18.5%. Furthermore, ‘in-
different importance’ was reported for another quarter of the flights (Gössling et al., 2019). Likely, 
for less frequent flyers, the importance might be higher, but the most frequent flyers have a dis-
proportional effect on emissions. For example, it was found that a group of 5% of French frequent 
fliers caused half of the CO2 emissions of French fliers (Gössling & Nilsson, 2010). In the light of 
these findings, the general claims on higher shares of the carbon budget for aviation seem ques-
tionable. 
An important aspect of the relationship between aviation and climate change is the distribution of 
distances. For instance, Peeters and Landré (2012) show that some 80% of all kilometres is made 
by 30% of the trips. The same distributional pattern is revealed by EASA et al. (2023), who estab-
lished that the flights longer than 4500 km - only 6% of all flights - cause 50% of all aviation 
emissions for Europe. So, against the context of mitigating climate impacts of aviation, it is also 
essential to look at the distances travelled. With the same number of journeys, but a reduced aver-
age distance, aviation emissions can be substantially mitigated. For KLM, we found that the 
average distance of a transfer passenger is 7093 km, with 530 kg of CO2 emissions, while 
these numbers are 3140 km and 238 kg CO2 for OD-passengers.   
The quest for higher transport volumes is not only represented by the incentives airlines give to 
fly indirect journeys (see section 6.3.1) through their pricing strategies; they also have ‘frequent 
flier’ programmes. Gössling and Nilsson (2010, p. 241) argue that frequent flyer programmes “re-
ward high mobility and discursively interlink frequent flying with social status, which is an im-
portant element in the development of mobility patterns which shape and create the social struc-
tures that `necessitate' air travel”.  
Such programmes, though understandable from a pure business growth point of view, are likely to 
generate unnecessary travel and even hypermobility (Adams, 2005). In such a way one could see 
hypermobility as the result of an imbalance between the distribution of benefits of travel and the 
damages to the environment and society. Moreover, hypermobility is the result of a self-perpetu-
ating social construct of “glamorization in regard to mobility” causing “an ominous silence” about 
its negative externalities (Cohen & Gössling, 2015, p. 1661). Schmidt et al. (2023) argues that 
flying behaviour has become a social norm. The “prevalence of flying has become so high that 
people who do not fly are subject to normative pressure” to fly (Schmidt et al., 2023, p. 1). On the 
other hand, excessive flying may even have personal health effects. Cohen and Kantenbacher 
(2020) found both physiological effects and psycho-social harms of flying, which could potentially 
be reduced by flying less. They argue that such personal health effects might be more persuasive 
for frequent flyers to change their behaviour, than more distant threats of climate change. Also at 
the individual level, Kantenbacher et al. (2019) found some evidence that there is a willingness to 
sacrifice some flying for the sake of the environment, but the study results were not conclusive. 
The varying levels of flight-shame and its impacts on behaviour (Mkono et al., 2020), further 
illustrate that a purely and significant consciousness-driven behavioural change is not likely. The 
supply complex consisting of the business model (e.g. hub & spoke), pricing, marketing, and the 
role these play in creating a social construct of pro-flying, is an argument that companies like 
airlines have a wider responsibility for the consequences of growth of their business. That is be-
cause they apparently play an important role in fuelling growth. This is also the main finding by 
Higham et al. (2021), whose analysis “of the e-mail marketing communications of selected airlines 
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revealed three prominent tropes: adventure and discovery; privilege; and urgency” (Higham et al., 
2021, p. 1458). And these “communications bring air travel into the everyday lives of consumers 
and accelerate the turnover time of tourist consumption” (Higham et al., 2021, p. 1458). 
Its supply complex gives scope to hold KLM also responsible for transport volume growth 
and, despite some mitigation measures KLM has taken, the fact that this growth is one of the 
roadblocks to achieve IPCC aligned emission reductions by 2030.  

6.3.3 Share of LDCs served 

The disproportionate physical effect of climate change on developing countries, home to 84% of 
the world population (UNCTAD, 2022); their low historical responsibility for climate change and 
limited adaptation capacities; and the concentration of aviation use amongst a small global elite 
residing in predominantly high income countries have been mentioned in section 6.1. KLM 
proudly presents itself as oldest airline in the world still operating under its original name, con-
necting “people, communities and economies since 1919” (KLM, 2023a, p. 5). But who benefits 
from KLM’s current network? Given aviation’s asserted hard-to-abate policy status, this is a rele-
vant question of distributive and procedural climate justice and will be covered next.  
The aviation industry lobby points at aviation’s contribution to the wider economy by means of 
improved connectivity (IATA, 2023a). Despite having manifold flaws (Peeters et al., 2024), this 
reasoning offers a powerful political tool. Industry leaders present aviation as a force of good. 
They see an opportunity for jobs, investments, connections between technical institutes, universi-
ties, etc., as they expand their business in the untapped growth markets (Hofmann, 2023). As for-
mer flag carrier, historically affiliated with the imperialist history of the Netherlands (Joosten, 
2022), KLM too deploys the aviation-as-force-for-good narrative.  
In its annual report, KLM presents improving for a better future as strategic ambition. The airline 
claims to power the knowledge economy and sees aviation as a means to an end. Circulating large 
numbers of business and leisure passengers through its hub Schiphol Airport serves the creation 
of “a favourable business climate for international organisations with headquarters in the Nether-
lands, making the Netherlands a home to global icons such as Philips, Ahold Delhaize, Randstad, 
and ING, as well as European headquarters of leading brands” (KLM, 2024, p. 17). KLM thus 
considers corporations as central beneficiaries of aviation. This is strategic intention.  
KLM’s network reflects this strategy. Based on detailed data from the Travel Analyzer (OAG, 
2024) for January 2023, we found KLM (excluding Transavia) flew to 155 destination airports, in 
60 countries all over the world (but mainly in Europe). Of these destinations, only 14 are in coun-
tries that have the CORSIA classification of Least Developed Country (LDC), Land-Locked De-
veloping Country (LLDC) or Small Island Developing State (SIDS). See Table 17 for further de-
tails. From the 614,234 OD-passengers that KLM served in this period, an estimated 61,533 pas-
sengers (10.0%) travelled to these destinations, of which most to SIDS (8.7%) and only 1.4% to 
LDC/LLDCs (see Figure 16 and Figure 17). Note that the average income of SIDS is comparable 
to that of developed countries. The problem of these islands is their economic dependency on 
tourism and often air travel (Scott et al., 2019). These islands thus are generally not ‘least devel-
oped’, but they do have accessibility challenges.  
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Figure 16: share of destination and passengers as divided over SIDS, LDC and DC countries. January 2023. 
Source: (OAG, 2024). 

Zooming in on the 61,533 passengers that travelled to the 9 countries with LLDC/LDC/SIDS status 
in CORSIA (see Table 17), more than 78% of these passengers travelled to the Netherlands Antil-
les and Surinam, 6.2% travelled to global business and emerging fossil fuel energy hubs (Singa-
pore and Bahreinrespectively). And 8,293 passengers, or 13% in total, flew to Rwanda, Tanzania 
and Uganda, where several large (former) Dutch corporates operate (Netherlands Enterprise 
Agency, 2022; Netherlands Ministry of Foreign Affairs, 2020). KLM can therefore broadly be 
considered as a first-world airline. KLM serves its corporate beneficiaries by circulating large 
numbers of business and leisure travellers mainly within the developed world and the Global 
North. Traffic to developing countries concentrates on former colonies, global business and emerg-
ing fossil fuel energy hubs, and aid-for-trade foreign policy focus countries, with considerable 
activity of (former) Dutch corporates.  
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Figure 17: The relationship between shares of passengers served by KLM per continent and per development 
status. Source: (OAG, 2024). 

Aviation uses the force for good argument as one for defending growth and opposing demand-
reducing measures. However, increasing traffic to least-developed countries is not at odds with a 
more general de-growth strategy. The reason is that the share of LDC traffic is extremely low, both 
globally and for KLM, so a tiny additional degrowth in ‘rich’ markets, would more than compen-
sate for the growth of traffic to poor countries (Tourism Panel on Climate Change, 2023). There-
fore, air travel to poor countries is a weak though commonly used argument against 
degrowth of aviation.   
 

Table 17: Overview of KLM destinations to SIDS, LDCs and LLDCs and the estimated number of passengers 
flying by KLM (at least one leg of each journey).  

Airport name Country Sum of 
Esti-
mated 
Pax 
KLM 
01-23 

Rank-
ing 

RTK 
(106) 
(all 
traffic 
ICAO) 

Share 
by 
State 
(%) 

SIDS LDC LLDC 

Entebbe Uganda 1056 154 0 0.00% No Yes Yes 

International Tanzania 879 133 12.6 0.00% No Yes No 

Kilimanjaro Tanzania 2027 133 12.6 0.00% No Yes No 

Kisauni Tanzania 3763 133 12.6 0.00% No Yes No 

Zanderij Intl Suriname 13398 93 139.7 0.02% Yes     

Gregoire 
Kayibanda 

Rwanda 568 89 176.2 0.02% No Yes Yes 
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Airport name Country Sum of 
Esti-
mated 
Pax 
KLM 
01-23 

Rank-
ing 

RTK 
(106) 
(all 
traffic 
ICAO) 

Share 
by 
State 
(%) 

SIDS LDC LLDC 

Trinidad Trinidad 
and Tobago 

768 80 352.6 0.05% Yes No No 

Bahrain In-
ternational 

Bahrain 381 57 1362 0.19% Yes No No 

Changi Singapore 3443 13 18706 2.54% Yes No No 

Reina Beatrix Nether-
lands Antil-
les 

3975 0 0 0.00% Yes No No 

Grantley Ad-
ams Intl 

Barbados 512 0 0 0.00% Yes No No 

Flamingo In-
ternational 

Nether-
lands Antil-
les 

7922 0 0 0.00% Yes No No 

Hato Interna-
tional Airport 

Nether-
lands Antil-
les 

21200 0 0 0.00% Yes No No 

Princess Juli-
ana 

Nether-
lands Antil-
les 

1641 0 0 0.00% Yes No No 

 

6.3.4 Demand assumptions 

As evidenced by all aviation emissions reduction scenarios investigated in this report (see section 
3.3), consumption – in this case air travel demand – is not directly challenged or questioned. Some 
scenarios factor in supressed demand factors, but this is not a policy aim. Instead, it is usually a 
by-product of passing increased fuel costs to consumers and serves to stimulate the uptake of al-
ternative aviation fuels (see e.g. ATAG, 2021; Graver et al., 2022).  
In KLM’s 2023 annual report (KLM, 2024), the company is confident that air travel demand will 
remain and likely outpace supply. KLM presents its global market outlook, stating that all markets 
performed better in 2023 than in 2022, except for the Middle East. The company also considers 
“lower demand due to modal shifts and sector stigmatisation” and a “decrease in demand for short-
haul flights due to increased remote working” as general transition risks (KLM, 2024, p. 101). 
Notably, KLM does not consider the impacts of physical climate change effects on aviation or 
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aviation-related climate change mitigation policies on air travel demand. In KLM’s Climate Action 
Plan, the predicted rise in demand for flying is presented as a given.  
Although KLM presents the predicted rise in demand for flying as one of the two causes for the 
sector’s hard-to-abate status (the other being a lack of – cheap technological – alternatives), it is 
not addressed in KLM’s climate plan. This is noteworthy because it can be argued that KLM 
should also address the rise in demand for flying also as a risk, from the vantage point of a 
for-profit business, for instance by being clear about possible efforts to decouple volume 
growth from the company’s revenue and profit. Section 6.3.1 elaborated on the deliberate 
growth-strategy, for instance on the transfer-market through Schiphol Airport and shows a range 
of options for de-growth without compromising the essence of aviation to the Dutch economy and 
citizens. 

6.4 Procedural justice: the hard-to-abate issue 
The aviation sector is widely considered to be “hard-to-abate” because of its need for high energy-
density fuels (Bergero et al., 2023) and its lack of existing technological solutions that can be 
deployed at scale. Such technologies are far more common in for instance rail systems and the 
automotive sector (electric cars). In aviation, efficiency improvements have in the past been con-
sistently outpaced by volume growth (D. S. Lee et al., 2021; Peeters & Middel, 2007). Revolu-
tionary zero-emission aircraft cannot be created in a matter of a few years, simply because the 
resources (labour, factories, materials) do not exist (Bergero et al., 2023; Gnadt et al., 2019; Up-
pink et al., 2022).  
Hence, the IPCC – whilst also finding the emission reduction aspirations in international aviation 
lower than in many other sectors and falling short of the Paris temperature goal – mentions aviation 
emissions (next to some emissions from agriculture, shipping, and industrial processes) as hard-
to-abate residual GHG emissions that will remain and likely need to be counterbalanced by de-
ployment of Carbon Dioxide Removal (CDR) methods to achieve net zero emissions (IPCC, 
2022a). Furthermore, this IPCC-report chooses to accept that aviation will still need some quanti-
ties of unabated fossil fuels in 2050, rather than assuming a restriction on growth as the IPCC 1.5 
°C special report (IPCC, 2018) concludes to be unavoidable.  
The idea of hard-to-abate for aviation has been taken for granted by most scenario developers, 
scientists, international and sector organisations and policymakers. The question ‘why?’ – given 
the limitations of technological mitigation options, current and anticipated volume and demand 
growth of the aviation sector - has hardly been addressed. A good example is the implicit assump-
tion that a shortfall of the supply of zero-emissions e-fuels to provide 100% of the demand for 
kerosene, would only have one outcome: emissions will not reduce to zero. The obvious alternative 
option – taking e-fuel supply as determinant of (limiting) air transport supply – remains unconsid-
ered.  
A main reason might be the prevailing abatement costs optimisation method based on Nordhaus 
(2008) in aviation emission reduction scenarios. However, calculating the costs of both abatement 
and climate change are extremely difficult and uncertain: Keen (2021, p. 1149) warns that such an 
approach would obscure that most of the real “economic damages from climate change are at least 
an order of magnitude worse than forecast by economists, and may be so great as to threaten the 
survival of human civilization”. Based on the abatement costs optimisation method, the suggestion 
is to first mitigate the emissions of sectors with low abatement cost, and thus to allow a mitigation 
delay for high-abatement cost sectors. This is also what Figure 2 shows for almost all aviation 
scenarios. Other economists (e.g.Ekins et al., 2011) have criticised this approach because it ignores 
synergies between abatement of various sectors, other benefits than the reduction of CO2, socio-
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economic issues, uncertainties and the sometimes large time lags in mitigation as for instance exist 
in the aviation sector (Peeters et al., 2016), which obviously urge for an as soon as possible miti-
gation policy.  
Furthermore, the abatement cost method ignores the ‘importance’ of a sector. Some, like food and 
clothing, literally serve every human being, while a sector like space tourism serves only a few 
people. Air travel is a common consumption pattern for a minority of the global population of 
around 11%, of which frequent flyers (1%) cause half of the emissions (Gössling & Humpe, 
2020).This again touches upon the distributional aspects of climate justice (see section 2.3). Caney 
(2014) distinguishes two forms of climate justice: ‘burden-sharing justice’ and ‘harm avoidance 
justice’. Burden-sharing justice assumes the ones who benefit from a certain polluting activity also 
take the full burden for the damages. Harm avoidance assumes prevention of climate change 
should be directed at those who suffer most from it (Caney, 2014). Climate justice is an essential 
element of the Paris Agreement, which dictates Parties to reach emission reduction on the basis of 
equity (UNFCCC, 2015, p. Art.4.1).  
Regarding air travel, the burden is concentrated in developing countries (Dolšak & Prakash, 
2022b), while the population of developed countries flies most (IATA, 2020)22. Air travel serves 
mainly more affluent people, with only 2–4% of the global population that fly internationally per 
year, with 1% of the world population emitting 50% of CO2 from commercial aviation (Gössling 
& Humpe, 2020). Even in Europe, the distribution is heavily skewed. The one percent households 
with the highest budgets have an aviation carbon footprint of 22 tons CO2e per year, representing 
41% of their total annual footprint of over 50 tons. For the top 10 percent households, the aviation 
footprint is 3 tons on average, while for the vast remaining majority it is 0.1 ton (Ivanova & Wood, 
2020). Meanwhile, as discussed in section 6.3.2, the necessity of many flights is particularly ques-
tionable as even frequent flyers report that almost half of their flights were unnecessary (Gössling 
et al., 2019).  
Based on both burden-sharing and harm-avoidance justice, the implicit assumption that the de-
mand growth of air travel is unassailable is not a strong argument to declare aviation ‘hard-to-
abate’. The failure of the producers of e-fuels and other SAF to supply enough to replace all fossil 
fuels in aviation by 2050 is a contestable argument to accept significant residual emissions from 
air travel after 2050 (Meerstadt et al., 2021; Schäppi et al., 2022). In other words: the fact that 
aviation is hard-to-abate is an unconvincing argument to provide aviation with a dispropor-
tional high share of the global carbon budget, because curbing air transport volume is a 
viable and equitable option to achieve zero emissions with a just share of renewable energy 
and resources (Dolšak & Prakash, 2022a; IEA, 2023a; Katz-Rosene & Ambe-Uva, 2023; Peeters 
& Papp, 2023). The above discussion resembles a more general discussion about the impact of 
pure cost-minimizing burden-share approaches and those that follow ethical principles (van den 
Berg et al., 2020). Table 18 shows the huge differences in air travel intensity per continent. The 
US plus Canada fly almost five time the world average and forty time more than the average Af-
rican. It is difficult to argue the necessity of the high air travel consumed in regions (for instance 
the USA), while other advanced economies do with substantial less (Europe) and still other high 
growing regions can do with only a fraction (like Asia). Though it is rather common to assume 
that adding air travel will grow the general economy, a study for four African countries found that 

 
22 Only 2.2% of all air transport volume is consumed by the population of Africa while Africa hosts 18.2% of the world population. 
Compare with the European population that consumes 26.4% of all air transport while comprising only 9.2% of the population. 
These numbers show that Europeans fly roughly 25 times more than the average African.  
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that was only the case in one these countries (Tolcha et al., 2020). For the other three, economic 
growth preceded air travel growth.  
Table 18: The uneven distribution of air travel over the continents. Sources: (IATA, 2023a); Wikipedia (2024). 

 World population 
share (2021) 

Global RPK share 
(2019) 

Index air travel intensity 
(1.0=world average) 

Africa  17.60% 2.10% 0.12 

Asia/Pacific 56.30% 34.60% 0.61 

Europe 9.40% 26.80% 2.85 

Latin America and 
Caribbean 

8.30% 5.10% 0.61 

Middle East 3.70% 9.10% 2.46 

North America 4.70% 22.30% 4.74 

 

6.5 Overview KLM position in justice metrics 
What do the analyses in the preceding sections say about the distributional or procedural climate 
justice dimensions of aviation’s emissions reduction challenge in terms of emissions and energy 
use? Figure 10 (section 6.1) shows the airline justice framework identifying some relevant opera-
tional metrics. These were in concrete utilitarian just shares of the RCB (6.2.1), resources/land-
use (6.2.2), and renewables (6.2.3), and sufficientarian just shares of passenger detour behaviour 
(6.3.1), just shares of wellbeing/welfare balances like the needs for flights (6.3.2), and just shares 
of LDCs served (6.3.3). Furthermore, the framework shows ‘policy attitudes and assumptions’ as 
a final metric of ‘procedural justice’ (6.4).  
Table 19 summarises some consequences of the climate justice framework arguments. The table 
does not repeat the references but gives the main sections the statements are based on.  
Table 19: Considerations of climate justice and the KLM Climate Plan. Our comments are supported by the 
sections mentioned in the third column.  

Metric of justice Consequences for KLM’s climate plan (KLM, 2023a) including 
its 2023 annual report 2023 risk assessment (KLM, 2024) 

Utilitarian shares of:  

• Remaining Carbon 
Budget (2019-2050) 

(6.2.1) KLM does not mention carbon budgets. The SBTi scenario 
KLM takes its target from, shows a 340% overshoot (3.4 times 
more RCB than according to an ‘equal’ share as other sectors). A 
BAU scenario would come at 1021%. Dutch aviation would arrive 
at an overshoot of 550% when left unmitigated. For the number of 
flights from Schiphol Airport, this would mean a reduction of cur-
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Metric of justice Consequences for KLM’s climate plan (KLM, 2023a) including 
its 2023 annual report 2023 risk assessment (KLM, 2024) 

rent capacity (500,000 flights) to reduce by 54% in case the cur-
rent share of intercontinental is maintained at 20%, while a reduc-
tion of this share to 11% would allow a volume reduction of 35%. 
The KLM climate plan assumes to continue the hub & spoke 
model, with high shares of intercontinental flights, and economi-
cally anticipated (desired) growth. This means KLM’s climate 
plan will position the airline at the unjust position of the scale.  

• Renewables (6.2.3). KLM does mention the sustainability standards for SAF 
feedstocks and production methods, as well as the limited re-
sources within the Netherlands. Also, the Annual report lists 
global SAF-production as a risk to reaching its climate goals. But 
KLM fails to recognise the issue of renewables and the justice of 
taking large shares of these. In terms of energy use for e-fuels, all 
Dutch aviation would require more wind energy than anticipated. 
As KLM globally uses about the same amount of fuel as is 
tankered at Schiphol Airport, this means there is no way for KLM 
to acquire the e-fuel produced within the Netherlands. KLM 
acknowledges this fact and proposes to have a global system in 
place to be able to acquire SAF elsewhere, but still being able to 
claim the carbon credits. At the same time, KLM (2023a, p. 37) 
states about e-fuels that the “the supply of this type of SAF is po-
tentially unconstrained, although it depends heavily on the amount 
of excess renewable electricity allocated to the aviation sector”.  

• Land-use/resources (6.2.2). KLM is highly aware of the limitations of biomass for pro-
ducing SAF and of the competition with agriculture and nature. It 
therefore partnered with T&E, an NGO in Brussels, to successfully 
lobby in Brussels for more strict limitations to the feedstocks al-
lowed, for instance by banning palm oil. Also, KLM is aware of 
the resource issues with waste as a feedstock. 

Sufficientarian:  

• Detours (6.3.1). The KLM business model of hub & spoke and related pric-
ing system, clearly tempts travellers to take (sometimes substan-
tially much) longer routes than necessary for their basic desire to 
travel from A to B. Furthermore, KLM fails to acknowledge the 
role of or discuss the necessity of fully advancing this business 
model, while it is clearly a roadblock to faster emission reduction. 
The fact that transfer passengers travel roughly double the distance 
compared to the OD-passenger, and emit substantially more per 
passenger than OD-passengers, means that a choice for further ex-
panding the hub & spoke model, is at odds to with reducing over-
all emissions. The Dutch carbon budget policy strongly confirms 
this by showing that current intercontinental shares would lead to a 
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Metric of justice Consequences for KLM’s climate plan (KLM, 2023a) including 
its 2023 annual report 2023 risk assessment (KLM, 2024) 

capacity restriction of up to 54% of current capacity, while this re-
duction would be relaxed to 35% in case the intercontinental share 
of flights would be reduced to 11%. Still, current pricing policy 
leads to additional transfer passengers, passenger detours and sub-
stantially higher and partly avoidable emissions.  

• Essential flights (6.3.2. ) Even passengers admit that substantial numbers of their 
flights are non-essential. The pricing and network policies and 
supply of KLM undoubtedly add to additional demand. These as-
pects are not covered by the KLM Climate Plan. 

• LDCs served (6.3.3) At the same time, KLM particularly serves the Western 
markets, while the necessity of flights could more easily be sub-
stantiated for Least Developed Countries than for Western coun-
tries. These aspects are not covered by the KLM Climate Plan. 

Procedural justice (6.3.4 and 6.4) KLM embraces, as most of the aviation sector, avi-
ation regulators and many aviation scientists, the idea that aviation 
‘deserves’ higher shares of the remaining carbon budget, because 
of the’ hard-to-abate’ principle. This principle assumes that fair 
emission reduction targets should consider the ‘technical options’ 
of each sector to abate emissions. Though there is no issue with 
taking account of these limited options, we have not identified any 
justice principle that would forbid to also look at demand and 
eventual restrictions of its development. We roughly explored 
some opportunities to look at a wider spectrum of business models 
than KLM’s current one. In terms of risk management, as provided 
by the 2023 Annual Report (KLM, 2024), not discussing a change 
to business model priorities would be risky commercial behaviour 
in the light of a range of developments (carbon budget, noise, 
competition for space and labour) that challenge the continued 
growth of a hub & spoke network at Schiphol Airport. We hope 
our considerations are helpful to develop further strategic deci-
sions within the sector. 

 

 



 

 

  

90 

7 Conclusions and discussion 

Our study has three aims: (1) to evaluate KLM’s goals for emissions and emissions intensity, 
which are based in SBTi, against a range of 1.5 °C scenarios; (2) assess the (realism and adequacy) 
of emission reductions KLM proposes (KLM, 2023a) and if these ‘reasonably’23 enable their goals 
for 2030 and 2050; and (3) look at the equity and climate justice implications of stated goals and 
actions vis-à-vis the prolonged volume growth that these goals and actions help legitimise. Aim 
(3) is important to evaluate whether KLM must reduce substantially more than they plan or is 
currently required by the Dutch government.  
The main research question is: how does the KLM climate plan realistically relate to the emis-
sion reduction targets of a general 1.5°C climate scenario, Dutch policy, principles of climate 
justice, and legal climate obligations?  
This question is divided into four sub-questions. To avoid repetition, we only answer the sub-
questions. Below we will list these questions and formulate answers to them: 
1. What are the emission pathways and emission reduction targets of a 1.5 °C future and how do 

these relate to the aviation specific targets as proposed by the sector, governments and SBTi?  

There is a large gap between aviation specific targets and scenarios and general science-based 
scenarios for 1.5 °C. In terms of the emission allowed for 2030, most aviation scenarios assume 
two-and-a-half times more emissions than an average sector is required to reach. Further 
reductions are generally proposed, but start 6 to 10 years later than for all sectors together. 
Most scenarios, whether from governmental institutes, universities or aviation branch 
organisations, simply assume aviation has the right to take a larger share of the remaining 
carbon budget, without considering any climate justice, distributional or even economic justice 
arguments against such a strategy. The consequence is that aviation targets are not aligned 
with the science-based 1.5 °C targets issued by IPCC and as meant by the Paris Agreement, 
and allowed to deviate upwards for self-acclaimed reasons. 

2. How adequate are KLM’s proposed measures? What do they mean for KLM's total emissions 
and carbon budget up to 2050?  

Of the measures described by KLM in its Climate Plan, we could calculate that contracted 
measures (fleet renewal, SAF and a few others) deliver half of the 2030 carbon intensity goal, 
while the planned actions might achieve two-thirds of it. Furthermore, in its 2023 Annual 
Report KLM presents a reduction of 12% of its absolute emissions in 2030 as a target. 
However, this will only be reached when the intensity target of -30% is realised, while current 
plans would cause -0.5% reduction and currently contracted plans a growth of emissions by 
5.8%. To achieve an IPCC aligned remaining carbon budget, KLM has either to improve 
carbon intensity by about 56% in 2030 (baseline 2019), which is not feasible by any known 
technology or measure, or to reduce its transport volume by at least 21% in 2030 compared 
to 2019, pending the success of technical mitigation measures. 

Our analyses showed that there is scope for a new business strategy, away from the current 
focus on the hub & spoke model. Transfer passengers on average cause more than double the 
emissions of an OD-passenger (a passenger who travels from or to the Netherlands, rather 

 
23 Reasonable describes how likely it is or ‘in accordance with reason’. 
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than only using the Netherlands as place for connecting to another flight). This reduction could 
be substantial without reducing the size of the OD-network. This would guarantee retaining 
the core societal purpose of KLM, which is providing OD-travel and connect the Netherlands 
with the rest of the world.  
The current plans by KLM will cause a substantial overshoot of its emissions, even if after 
2050 strong measures would be taken. KLM is not very explicit about how to achieve their 
zero-emissions goal in 2050. From the wider literature, we found that such a goal is unlikely 
to be reached when aviation still substantially grows.  

3. How does KLM’s goal and climate plan relate to Dutch aviation and climate change policy? 

The reduction target of the Dutch government for 2030 cannot be reached with KLM’s 
contracted or planned emission reductions. The planned reductions may reach the Dutch 
target of 10% SAF mixing by 2030, but the contracted SAF measures fail this goal by a factor 
three.  

4. What are the climate justice implications of KLM’s climate plan? 
Both the Dutch and the SBTi emission targets are not well-balanced against aspects of climate 
justice, particularly in terms of fair shares of remaining carbon budgets and the required 
shares of resources and renewables to achieve these inadequate targets. For instance, the 
recommended carbon budget for the Dutch aviation sector would require a capacity reduction 
of Schiphol Airport, the main hub of KLM, by between 35% and 54%. Another issue is that 
KLM would need a share of renewables to cover its need for e-fuels that is many times larger 
than for instance its direct and indirect contribution to the Dutch economy. In general, climate 
justice arguments play no role in the discussion about mitigating aviation’s emissions. The 
cause for this is the ‘hard-to-abate principle, which provides a self-acclaimed additional 
carbon budget to the aviation sector, without balancing this to demand for aviation and the 
necessity of this demand. This hampers a serious discussion about the justice of aviation’s 
climate and mitigation measures, which is arguably essential to get KLM and aviation more 
Paris-aligned. 

 
The overall conclusion is that, though KLM’s Climate Plan is rather unique in the world of airlines, 
it did not deliver the airline a true and equitable mitigation strategy aligned with the 1.5 °C target 
recommended by IPCC/science. The climatic effectiveness and credibility of KLM’s Climate Plan 
might increase when a discussion about volume growth, network structure, and hub & spoke strat-
egy would be removed from the taboo sphere.  
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Annex I Aspects of the evaluation 

I.I Offsets and CORSIA 
While offsetting was once considered a viable, feasible and critical tool to reduce CO2 emissions 
(Becken, 2004) of the 'hard-to-abate' aviation sector (Energy Transitions Commission (ETC) 2018; 
ICAO, 2022a, p. 7), its constraints regarding 'additionality', validation and effectiveness have been 
identified to reduce the effectiveness to almost zero (Cames et al., 2016; Joppa et al., 2021). There-
fore, SBTi restrains airline operators to account for offsets. Forty-one scientists (Skelton et al., 
2020), provide ten reasons why offsetting and net-zero targets are grossly insufficient to mitigate 
climate change in a 1.5 °C scenario. These range from the fact that offsetting through trees is as 
trees at some moment return back as CO2 in the atmosphere to the problematic assumption that 
large-scale negative emissions will remove new emissions, while (IPCC, 2018, pp. SPM-23) con-
cludes CO2 removal “deployment of several hundreds of GtCO2 is subject to multiple feasibility 
and sustainability constraints (high confidence)”. 
Still, the aviation sector heavily relies on offsetting to reduce their impact on the climate. One of 
the pillars implemented by ICAO (2023) is CORSIA (Carbon Offsetting and Reduction Scheme 
for International Aviation). Warnecke et al. (2019) stresses that it is important to have stringent 
requirements for offset projects eligible for CORSIA, to avoid credits generated in the past to be 
used, which of course will not reduce current emissions anymore. Apart from that issue, the impact 
and scope of offsetting under the CORSIA Scheme in achieving climate goals remains limited, 
marginal and temporary. Particularly the exclusion of domestic flights, and the rule to only com-
pensate emissions above 2019 levels, allows emissions to continue to grow, though at a slower 
pace and assuming that all credits are creditable, which we have shown is not the case. In a zero-
emissions world, offsets stemming from reducing emissions from energy in other sectors or grow-
ing renewable energy will become ineffective and pointless as there will be neither emissions re-
maining to reduce nor additional renewables to implement Maertens et al. (2019); (OECD & ITF, 
2017; Wozny et al., 2021). Finally, the low costs of offsetting contrast the carbon prices required 
in realizing CO2 reductions globally (based on Cames et al., 2016; van der Ploeg, 2018). 

I.II Efficiency trends 
All aviation scenarios assume continued efficiency gains of the global fleet. The efficiency of 
aircraft shows historically a long line of improvement (Peeters & Middel, 2007) but, as Figure 18 
shows, this improvement did not avoid a strong increase of aviation’s emissions between the 1960s 
and 2015 (Peeters et al., 2016) because the amount of kilometres flown grew much more rapid 
then the efficiency gains could compensate for.  
However, in air transport efficiency gains are driven by the economy of aircraft. Fuel cost form a 
main driver for efforts of aircraft manufacturers and designers to significantly improve the fuel 
efficiency of each new aircraft type. Apart from fuel cost savings, Peeters and Middel (2007, p. 
46) see also strong improvements for “productivity increases, safety improvements, increased 
range and take-off and landing performance”. This means that fleet renewal is not a kind of ‘green 
gift to society’, but an economic necessity for every airline, driving growth and expansion. This 
growth incentive causes ‘rebound effect’, causing a substantial part of the efficiency gains of fleet 
renewal going into additional transport volume rather than absolute emission reductions (see fur-
ther section I.III).  
 



 

 

  

106 

 

 

 
Figure 18: The failure of efficiency development to reverse the trend of increasing aviation emissions. Source 
(Peeters et al., 2016).  

The industry assumes fuel efficiency to improve by 1.5% (IATA, 2021) to 2% per annum (ICAO, 
2022a). However, as Figure 18 clearly shows, the improvement per year is far from a constant, but 
continuously declining. Also, 2% is no longer an option because the development of aircraft takes 
ever longer and then gains become ever more challenging (Peeters et al., 2016). Independent Ex-
perts for ICAO (Alonso et al., 2019) found that the coming decades improvements would go down 
to about 1.4%.  
An important issue is, that fleet renewal comes in waves. When a new type has been introduced 
into ten market, the fuel efficiency stays almost constant up until the next generation comes to the 
market. For instance, in the 1990s Boeing introduced the new generation (NG) Boeings, which 
improved fuel efficiency by some 20-25% mainly because of the new engine type the aircraft were 
fitted with. Only since 2017 a new generation of Boeings, the Max, started to be delivered to 
airlines. This aircraft is some 15% more efficient, but it took twenty years before it slowly started 
replacing the NG types. Because of these waves of new aircraft technology it is not very useful to 
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look at the age of a fleet as measured from the moment each particular aircraft was build. This age 
does not tell you much about then fuel efficiency as that is solely determined by the type of the 
aircraft and thus the entry-into-service (EIS) year of that type. This means, that all Airbus 
A320NEO’s in an airline’s fleet should be given the same technology age, in this case, based on 
the EIS of 2016. Therefore, we will use the EIS as the indicator for the ‘technology age’ of a fleet 
in a certain operational year.  

I.III The rebound effect 
It seems straightforward: improve the energy efficiency of an aircraft by x% and you will save 
also x% of the CO2 emissions. However, energy efficiency also reduces the cost of air travel, all 
else equal. One may say that each new aircraft type needs to behave a 10% better direct operating 
cost over its predecessor. That means, with elasticities in air travel in the range of -1.1 to -1.3 
(Fouquet & O'Garra, 2022), that the volume will increase by an additional 11% to 13%. If then 
fuel efficiency improved by 15-20%, the overall emission reduction no longer equals this 15-20% 
but only some 4% to 11% of total emissions.  
Other efficiency measures suffer from even larger rebound effects. For instance, the sector often 
mentions improved air traffic control, ATC, which might reduce emissions by about 10% (EASA 
et al., 2023; ICAO, 2022a; KLM, 2023a). The idea is that ATC implements more direct routes, 
saving kilometres between origin and destination airports avoiding holding patterns and detours. 
However, this will proportionally reduce all costs of the flight – the fuel cost, the flight-hours, 
maintenance cost, , cost per aircraft-kilometre and thus the rebound will be close to 100%. Also, 
other operational efficiency measures may generate large rebounds. In general, the rebound effect 
induces additional volume growth, which is hardly compensated by the higher fuel efficient so 
efficiency will not easily reduce absolute emissions, but generally will increase volume for almost 
the same emissions.  

I.IV Implications of non-CO2 climate impacts 
SBTi does not require to include non-CO2 climate impacts (see basic explanation in section 3.1). 
even though the “non-CO2 impacts contribute 66% of the aviation sectoral total climate effect (in 
terms of Effective Radiative Forcing; ERF) at present, with significant uncertainties” (Fuglestvedt 
et al., 2023, p. 1). This statement contains two elements in the discussion. The first is that non-
CO2 can be substantial, but the second is that uncertainties are large, and the CO2 and non-CO2 
impacts are difficult to put under one denominator. The current discussion follows two strains: 

1. One strain argues that the uncertainty about clouds/contrails is such to large that it is even 
uncertain whether it is heating or cooling (Fuglestvedt et al., 2023; Lee et al., 2023), even 
though the most authoritative climate change increasing impact figures come from D. Lee 
et al. (2021). 

2. The second strain accepts the large impact of clouds and contrails as a given and tries to 
find methods to calculate the effects at the individual flight or origin-destination level 
(Dahlmann et al., 2023; Molloy et al., 2022). The idea is to provide ways in which ATC 
(air traffic control) can help to avoid contrail vulnerable areas in the atmosphere and so 
reduce the impact significantly.  

The IPCC Special Report on Aviation (Penner et al., 1999) was the first to propose the ‘radiative 
forcing index’ a metric for non-CO2 impacts of aviation inspired by the global warming potential 
(GWP). The first IPCC Assessment Report introduced the GWP in 1990 (Houghton et al., 1990), 
and defined GWP as “the time-integrated warming effect due to an instantaneous release of unit 
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mass (1 kg) of a given greenhouse gas in today's atmosphere, relative to that of carbon dioxide” 
(Houghton et al., 1990, p. XIX). This means that the GWP give the ratio between the climatic 
impact over a certain time of emitting 1 kg of the greenhouse gas over 1 kg of CO2. The time is 
typically 100 years, but 20, 50, and 500 are also often presented. After its release, CO2 slowly 
disappears from the atmosphere as it is taken up by the oceans, rock-decay, and turned into bio-
mass. “Since 1750, it is estimated that about 2/3rds of anthropogenic CO2 emissions have come 
from fossil fuel burning and about 1/3rd from land use change. About 45% of this CO2 has re-
mained in the atmosphere, while about 30% has been taken up by the oceans and the remainder 
has been taken up by the terrestrial biosphere. About half of a CO2 pulse to the atmosphere is 
removed over a time scale of 30 years; a further 30% is removed within a few centuries; and the 
remaining 20% will typically stay in the atmosphere for many thousands of years” (IPCC, 2007b, 
p. 25). Important other greenhouse gases are methane, Nitrous oxides (N2O), a range of Fluori-
nated gases, and hydrocarbons. The GWPs cover an enormous range from 1.0 (by definition the 
value for CO2), to 32,600 for sulphur hexafluoride (SF6) for the GWP500 (500 year).  
An important issue is the GWP’s high dependence on the assumed time-horizon. This dependency 
is a function of the lifetime of the gas in the atmosphere. To illustrate this, we assessed the indexed 
differences between a twenty-year time horizon (GWP20, index=1.0) and GWP100 and GWP500. 
For all GHGs with a lifetime of less than 100, the decreases from GWP20 through GWP100 to 
GWP500. Lifetimes between 10 and 300 show an inverted U-shape (the GWP100 has the highest 
value), while above 300 years, the relationship becomes continuously increasing. The lifetime of 
most aviation’s non-CO2 climate effects, those caused by contrails and contrail-induced cirrus 
clouds, is extremely short (0.01-0.02 years). For GHGs with a lifetime of less the 1 year, the 
GWP20 is some 3.5 times higher the GWP100. At the same time GWP500 is only one-third of 
GWP100. This time-horizon-dependency becomes problematic for very short lifetimes because it 
varies much for different arbitrarily chosen time horizons (Fuglestvedt et al., 2003; Lee, 2018) 
So, while GWPs are inappropriate to apply to climatic impacts that are not directly related to a 
slowly decaying gaseous emission to the atmosphere, another problem is in the definition of the 
aviation factors. This goes back to the definition given by Penner et al. (1999) which is: the RFI is 
the ratio between all current radiative forcing caused by any climate impacts of aviation, divided 
by the total climate impact of the since 1945 accumulated CO2. This definition is fundamentally 
different from a comparison of the climate impact of a pulse-emission of 1 kg of a GHG versus 
that of 1 kg of CO2. It is therefore not correct to use the RFI, or any other factor based in long-
term historical accumulated emissions, as if it represents a GWP and can be used to calculate CO2e 
for the total effect (Forster et al., 2006; Peeters et al., 2007).  
One other generally overlooked difference between CO2 and non-CO2 impacts of aviation is re-
lated to the varying impacts on generation. In a climate justice context, generating climate impacts 
of a beneficial behaviour by in generation N which only emerges in generation N+X (for 100 years 
some four generations later), means that generation N+X can only take the burden, while the ben-
efits are long forgone. CO2 is therefore essentially an inter-generational impact. In contrast, all 
the non-CO2 impacts of aviation are short-lived between hours to up to a decade (Penner et al., 
1999). Such impacts can be mitigated within one generation: they are essentially intra-genera-
tional. Because the RFI ignores this generational effect, its value is too high, when a climate jus-
tified balance between CO2 and non-CO2 effects is desired. “If aviation is to contribute towards 
restricting anthropogenic surface warming to 1.5 or 2°C the reduction of emissions of CO2 from 
fossil fuels remains the top priority” (Lee et al., 2023, p. 1).  
Still, it is important to also set goals with respect to non-CO2, because it is a significant impact and 
because CO2 mitigating measures have varying impacts on non-CO2. Transport volume reductions 
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and operational measures will generally reduce both CO2- and non-CO2 impacts equally, but (sus-
tainable aviation fuels (SAF) and aircraft fuel efficiency may not do so. For SAF, the non-CO2 
impacts might be a bit lower due to small differences in the composition of the fuels (EASA et al., 
2023, p. 74). For efficiency improvements it depends much on how these were generated and what 
the impact was on the exact composition of the engines exhaust, particularly with respect to N2O. 
The calculation of CO2e using RFI or equivalent methods, basically applying a constant factor over 
the CO2 for each flight, is unable to adequately describe the precise effects and to evaluate the 
impacts, not only of various mitigation options (Grewe et al., 2017), but also of the exact flight 
path in positions and altitudes (Märkl et al., 2023).  
Because of the strong impact of the route choice on contrail and contrail-induced cirrus clouds or 
aircraft-induced clouds (AIC) forming, several authors suggested to fly around those contrail vul-
nerable areas (Grewe et al., 2014; Irvine et al., 2014; Soler et al., 2014; Williams et al., 2007). In 
2023, Google and an organisation with the name Breakthrough, reported 54% reduction of AIC in 
a trial on 35 American Airlines routes (Gates, 2023). Plans are to scale up this project in 2024. At 
the same time, David Lee warns against this kind of actions because of the additional CO2 emis-
sions involved, which climate effects are highly certain, while the avoided impact is highly uncer-
tain (Lee et al., 2023). Another idea developed by Grebe and Raphaël (2023) is that contrails and 
AIC prone areas are extremely uneven distributed around the world. They show that the non-CO2 
impact of all flights from Amsterdam is about four times the impact of CO2 alone (calculated using 
the Average Temperature Response (ATR100), an equivalence factor based on a 100-year period), 
while the global average is about 3.0. At individual route-level, the factors vary much from only 
1.2 for the route to Lille (France) up to 12.8 for Svalbard (Norway) for European routes and from 
2.6 for Bali (Indonesia) up to 8.6 for Vancouver (Canada). We need to be careful simply applying 
these equivalence factors because they are based on a common but rather arbitrary choice of a 
climate impact over 100 years, highly uncertain (Lee et al., 2023) up to even uncertainty of the 
sign (heating or cooling) of the effects and, when communicated to individual travellers a source 
for even more confusion about the impact of aviation. One might even conclude that flying to Bali 
is from a climate impact perspective two times better than flying to Svalbard, while in terms of 
CO2, the much longer distance to Bali causes almost three times the CO2 emissions (see Table 20). 
It seems highly certain that this will generate inadvertent behaviour with environmentally con-
scious travellers.  
Table 20: Some examples of the variation of non-CO2 factors per route from Amsterdam and the conse-
quences for CO2e calculations. Source: (Grebe & Raphaël, 2023). 
 

ATR100 factor CO2 (typical 
value from 
Goole Flights 

CO2e  CO2-index 
Svalbard 

CO2e-index 
Svalbard 

Svalbard 12.8 327 4,186 100% 100% 

Vancouver 8.6 626 5,384 191% 129% 

Bali 2.6 919 2,389 281% 57% 

New York 3.6 461 1,660 141% 40% 

Barcelona 2.6 108 281 33% 7% 
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The best strategy would be to develop a separate trajectory for mitigating non-CO2 impacts, par-
ticularly contrails, at the same time demanding some reduction of the demand of air travel, to avoid 
additional CO2 emissions caused by the less-optimal flightpaths needed for avoiding contrails. As 
overall, contrail avoidance might cost between 1.5% to 2.8% for a 50% reduction respectively 
100% reduction of contrails (Simorgh et al., 2022). Our suggestion would thus be to accompany 
any contrail and AIC avoidance policies with policies that effectively reduce demand of aviation 
by at least some 5% of the business-as-usual situation (without contrail/AIC avoidance). In that 
way, even if the contrails appear to be not heating as much as currently assumed, the penalty for 
CO2 is avoided. A tax on flights would be one way to achieve this.   
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Annex II Policy assumptions of six scenarios 

Table 21 provides an overview of the policy assumption of the six main aviation scenarios assessed 
in our study.  This table assesses eight policy assumptions or dogma’s:  

1. Overall emissions reduction (timing, true or net zero)  

2. Technology attitude (hesitant to optimistic) 
3. Unequal resource seizure for aviation (from critical concern to optimistic) 

4. Unequal renewable energy use for producing e-fuels (from none to fully equity constraint) 
5. Hard-to-abate principle (form aviation-centred to integrated) 

6. Lean-to-lose principle (demand development from free to constrained by resources) 
7. CO2 vs non-CO2 (CO2 only to non-CO2 included) 

8. Modal shift (from damaging, negatively affecting alternative modes, to promising). 
 



 

 
Table 21: Overview of policy attitudes and assumptions of six aviation scenarios.  

 EASA ICAO (LTAG IS3) ATAG SBTi Destination 2050 Envisioning 2030 

R
ef

er
en

ce
 EASA et al. (2023) ICAO (2022b) ATAG (2021) SBTi (2023b) Van der Sman et al. 

(2021) 
Peeters and Papp (2023) 

O
ve

ra
ll 

re
du

ct
io

n 
(tr

ue
, n

ot
 n

et
)2
4  

Delayed; not true zero. 

10% CO2 reduction in 
2030 and 60% in 2050 
compared to 2019. 

Delayed; not true zero. 

8% CO2 reduction in 2030 
and 66% in 2050 com-
pared to 2019. 

Delayed; not true zero. 

0% CO2 reduction in 2030 
and 85% in 2050 com-
pared to 2019. 

Delayed; true zero. 

4% CO2 reduction in 2030 
and 94% in 2050 com-
pared to 2019. 

Delayed; not true zero. 

19% CO2 reduction in 
2030 and 84% in 2050 
compared to 2019. 

Fast reduction; true 
zero. 

27-69% CO2 reduction 
over 2030-2033 and 99% 
in 2050 compared to 
2019. 

Te
ch

no
lo

gy
 a

tti
tu

de
 

19% of CO2 emission re-
ductions from tech by 
2050 + 5% hydrogen/elec-
tric aircraft.  

Hesitant. Emphasizes im-
portance and contribution 
of SAF not technology. 

24% of CO2 emission re-
ductions from tech by 
2050.  

Hesitant. Emphasizes im-
portance and contribution 
of SAF not technology. 

34% of CO2 emission re-
ductions from tech by 
2050. 

Optimistic. Acknowl-
edges significant invest-
ment needed by the com-
mercial aerospace sector, 
research, and government. 

18% of CO2 emission re-
ductions from tech by 
2050.  

Medium optimistic. No-
step change in technical 
efficiency until 2035. Em-
phasizes the growing and 
out-weighing importance 
of SAF towards 2050.  

38% of CO2 emission re-
duction from tech by 
2050. 

Optimistic. Technology 
(by hydrogen-powered 
aircraft) seen as largest 
contributor in reaching 
net-zero and acknowl-
edges effect on demand.  

Acknowledges im-
portance of tech-readiness 
by 2027-2030. 

BAU improvement of 
24%, an 6% additional en-
ergy efficiency resulting 
in overall 29% improve-
ment 2050 over 2019. 

Medium optimistic. Be-
tween 2035 and 2048 new 
aircraft types fitted with a 
fuel cell-hydrogen-elec-
tric powertrain enter the 
market reducing emis-
sions by 19% in 2050. 

U
ne

qu
al

 
re

so
ur

ce
 

se
iz

ur
e 

fo
r 

av
ia

tio
n  Concern. Highlights 

enormous challenges 
ahead in terms of energy 
production scale-up and 

Careful concern. Men-
tions some challenges 

Optimistic. Assumes 
most economic use of 
feedstock and energy sec-
tors modification to meet 

Optimistic. Assumes 
enormous scale-up of pro-
duction and related policy 
support.  

Critical concern. Insuffi-
cient feedstock available 
in 2030 given current air 
traffic demand.  

Critical Concern. 

 
24 True zero means only in-sector reductions, excluding offsets or negative emissions. 
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 EASA ICAO (LTAG IS3) ATAG SBTi Destination 2050 Envisioning 2030 

securing renewable elec-
tricity also required by 
other sectors. 

Enormous scale-up in 
SAF production required 
to meet net-zero.  

 

ahead due to regional var-
iations of supply caused 
by combination of factors. 

aviation demand and 
acknowledges the suffi-
ciency of feedstock for 
SAF production towards 
2050 and beyond. Asia-
Pacific shows the highest 
potential for feedstock. 

Competition between sec-
tors for feedstock remains 
unaddressed.  

Acknowledgement that it 
has been slow to date. As-
sumes acceleration due to 
proposed fuel mandates. 

Production of ‘advanced 
feedstock’ (non-food 
crops, residues) mainly al-
located to EU on regional 
supply-chains. 

  

No SAF-B or SAF=W as-
sumed, but only con-
strained SAF-E (e-fuels; 
see below) 

U
ne

qu
al

 r
en

ew
ab

le
 e

ne
rg

y 
us

e 
(e

-fu
el

s)
 

No equity constraints. 

EASA shows that mixing 
28% e-fuel in 2050 would 
take 5.5% of all renewable 
electricity in the EU. 
100% e-fuel mixing 
would mean 20% of re-
newables going to avia-
tion e-fuel production. 
Equality issues not men-
tioned. 

No equity constraints. 

ICAO does consider 
global constraints for car-
bon resources (from waste 
or DAC25), and renewable 
electricity. But the con-
straints are physical/eco-
nomic, not from an equity 
perspective (ICAO, 
2022b; Figure 4.3 of Ap-
pendix M5).  

Reversed equality con-
straint. 

Optimistic about re-
sources and renewables 
for SAF.  

Regarding equality, 
ATAG suggests “The fair-
ness constraint reflects the 
balance of feedstocks that 
can be used for SAF pro-
duction, compared to use 
by other sectors. (…) The 
final constraint is the vol-
ume of feedstock that can 
be economically used to 
produce fuels and enable 
flights at economically 
sustainable socially ac-
ceptable prices” (ATAG, 
2021, p. 80). This feels 
like an incomplete and re-
versed equality constraint. 

No equity constraints. 

Stresses the increase 
in/pre-dominance of in e-
fuels/e-kerosene due to 
falling costs. But no con-
straints in resources, feed-
stocks or renewables seem 
to be considered.  

 

No equity constraints for 
renewables; some for bi-
omass. 

Regarding the cost of 
SAF, (Van der Sman et 
al., 2021, p. 126) says: 
“Uniform pricing may 
give rise to equity con-
cerns, especially with re-
spect to emerging and de-
veloping economies”. 

But (Van der Sman et al., 
2021, p. 82) also ask to en-
sure that SAF-production 
“does 

not compete with these 
primary resources” like 
food.  

E-fuels are considered not 
to be constraint by renew-
able energy resources, 
contrasting the EASA and 

Equity constraint ap-
plied. 

Mandate gradually in-
creasing to 100% e-fuel 
(SAF-E) in 2050. Maxi-
mum share of renewables 
for aviation limited to 
10% (on average some 
5%), which limits aviation 
growth to zero until 2050. 

 
25 DAC is direct air capture of CO2 from the atmosphere. 
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 EASA ICAO (LTAG IS3) ATAG SBTi Destination 2050 Envisioning 2030 

Envisioning 2030 scenar-
ios. 

H
ar

d -
to

- a
ba

te
 

pr
in

ci
pl

e  

Integrated approach.  

Concerted measures 
across sectors, including 
aviation. 

Aviation priority.  

Aviation industry inter-
ests should be served first 
and foremost. 

Aviation priority.  

Considers importance and 
priority over other sectors. 

Aviation priority.  

Aviation is qualifying for 
larger share of future 
emissions due to the need 
of fuels with high energy 
intensity. 

Integrated attempt.  

Concerted measures 
across sectors, including 
aviation, but renewables 
for e-fuels availability too 
optimistic.  

Aviation a ;normal’ sec-
tor. 

The scenario looks at the 
full travel system and does 
not treat aviation in a spe-
cial way. 

Le
an

-to
-lo

se
 p

ri
nc

ip
le

 

Demand following. 

Assumes demand re-
sponds to transition costs 
and (perceived) effects of 
climate change. 

Demand following. 

Assumes demand re-
sponds to transition costs. 
Traffic forecasts have fac-
tored in fuel costs and/or 
economic measures. 

Demand following. 

Assumes demand is au-
tonomous. Impacts of 
transition and climate 
change are not modelled. 

Demand following. 

Assumes demand re-
sponds to transition costs. 
Current air traffic growth 
considered a problem, but 
not directly addressed. 

Demand following. 

Assumes demand re-
sponds to transition costs 
and (perceived) effects of 
climate change. 

Demand constraint by 
equity. 

Proposes a global airport 
slot regulation, limiting 
the growth of ten number 
of flights to allow for a 
‘fair share’ of maximum 
of 10% of renewables.  

CO
2 v

s n
on

-
C

O
2 

Mentioned stand-alone. 

Noise, nitrogen oxides are 
all separately considered. 

Mentioned stand-alone. 

Appendix S1 is dedicated 
to all climatic impacts, but 
no specific role in main 
scenarios. 

CO2 only. 

Non-CO2 included in 
terms of a (beneficial) 
side-effect of CO2- miti-
gating measures. 

CO2 only. 

 

CO2 only. 

 

CO2 only. 

 

M
od

al
 sh

ift
 

Limited.  

BAU development of 
high-speed rail is taken 
into account. 

None. 

No mention of other 
transport modes and 
modal shift. 

Damaging.  

Rail as feeder for long-
haul air travel is men-
tioned. Note that air-rail 
optimisation is often dis-
advantageous for rail-
travellers. Real shifts to 
other modes of transport 
(such as rail) downplayed.  

Promising.  

20% traffic shift from air 
to rail, starting in 2030 on 
domestic and intra-Euro-
pean routes of less than 
750km. Number of pas-
sengers greater than 
100,000 annually. Policy-
driven shift not modelled. 

Damaging.  

Modal shifts are not part 
of the study. Rail as feeder 
for long-haul air travel is 
mentioned. Note that air-
rail optimisation is often 
disadvantageous for rail-
travellers. 

Promising.  

Share of transport volume 
of other than air and pri-
vate car rises from 15% in 
2019 to 25% in 2050. 
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