
   

 

 security class: internal 

 
 

for the accelerated 

market ramp-up of  

sustainable aviation fuel 

SOLUTIONS 

 



 

Page 2 of 53 

 

 

 

 

 

 

 

 

 

 

Project InnoFuels, Innovation Focus “Application in Aviation” 

Authors Sandra Richter, Deandra Drewke, Franziskus Hellwig 
  

Deutsches Zentrum für Luft- und Raumfahrt e.V. 

Léonie Lauer, Bernhard Dietrich, Melanie Grohs 
  

CENA Hessen 

Sina Rathgeber, Sophia Dunning 
  

Condor Flugdienst GmbH 

Image credit for cover picture: Pixabay 



 

Page 3 of 53 

 

Contents 

1 Introduction .......................................................................................................... 4 

2 Ensuring sustainability .......................................................................................... 6 

2.1 Recognition or harmonisation of deviating sustainability criteria.............................. 6 

2.2 Targeted flexibility in implementation .......................................................................... 7 

2.3 Certification requirements with a long-term perspective ........................................... 9 

2.4 Political decision on the sustainability of biomass use ............................................ 10 

2.5 Clarity in terms of eligibility ......................................................................................... 13 

3 Boosting demand ................................................................................................ 14 

3.1 Creating equal conditions for competition ................................................................ 15 

3.2 Creating financial incentives ....................................................................................... 17 

3.3 Increasing customers’ willingness to pay .................................................................. 21 

3.4 Increasing airlines’ willingness to pay ........................................................................ 24 

4 Increasing willingness to invest ........................................................................... 25 

4.1 Business case for investment in SAF facilities.......................................................... 25 

4.2 Potential-boosting measures as investment incentives ........................................... 29 

4.3 Risk-mitigation measures for greater planning certainty.......................................... 30 

5 Increasing production ......................................................................................... 31 

5.1 Increasing technology readiness level (TRL) ............................................................. 32 

5.2 Safeguarding financing ............................................................................................... 35 

5.3 Clear regulations for production and use................................................................... 36 

5.4 Location-specific factors ............................................................................................ 37 

6 Outlook ............................................................................................................... 39 

List of abbreviations ................................................................................................... 40 

Bibliography ............................................................................................................... 43 



 

Page 4 of 53 

 

1 Introduction 

The transition towards more climate-friendly aviation calls for the use of sustainable avia-

tion fuel (SAF). Based on current knowledge, this is the most promising solution for reduc-

ing climate-damaging emissions from air traffic and reduces not only CO2 emissions but 

also non-CO2 effects that impact the climate. As the key to a successful fuel transition in 

aviation, particularly for long-haul flights, the move to more sustainable aviation fuel is 

therefore promoted by corresponding, legally mandated national and EU-wide admixture 

requirements. Despite this, SAF is currently only available in small quantities around the 

world and is also significantly more expensive than fossil kerosene [1]. A rapid and com-

petitively neutral market ramp-up is essential in order to meet the statutory quotas and 

make a significant contribution to reducing emissions. 

The market ramp-up of SAF faces numerous obstacles, which can be broken down into four 

areas [2]. The key question is how the sustainability of SAF can be ensured given that in-

vestment decisions by plant operators are being postponed indefinitely or large-scale con-

struction projects are being cancelled, particularly in light of the current lack of clarity or 

uniformity of sustainability criteria. The insufficient current investment is due to the ab-

sence of a business case and severe limitations in planning certainty for investors. This can 

be attributed to the aforementioned lack of – or international differences in – sustainability 

criteria, as well as the complexity of the projects, in conjunction with considerable risks for 

first movers.  

Moreover, there is a lack of incentivisation of demand on the part of airlines. This is partly 

due to a distortion of competition, as the high cost of SAF relative to fossil kerosene can 

only be passed on to customers to a limited extent in the highly competition-oriented, global 

aviation market. On the other hand, airlines’ willingness to pay has decreased due to ongo-

ing uncertainty regarding the eligibility and book & claim use of SAF, as well as a lack of 

additional government funding that could effectively stimulate market ramp-up.  

In turn, the fact that the production capacities for SAF potentially cannot be increased fast 

enough or on a sufficient scale is due to factors including the lack of investment decisions 

(see above), the limited availability of raw materials (e.g. biomass and hydrogen) and the 
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low technology readiness level on the industrial scale in the case of power-to-liquid (PtL) 

systems.1  

Sustainability must therefore be ensured through corresponding regulation in order to boost 

planning certainty for investors and demand from airlines. In turn, this will increase willing-

ness to invest and allow an expansion of production capacities. Figure 1 presents an over-

view of possible solutions to these obstacles. 

Figure 1: Overview of possible solutions for breaking down obstacles to SAF market ramp-up 

[own image] 

For these four areas, we will now set out solutions that have been developed in the innova-

tion focus “Application in Aviation” as part of the InnoFuels project, which is supported by 

the Federal Ministry for Digital and Transport (BMDV). These solutions are based on a 

stakeholder workshop that was carried out in June 2024. The workshop included a discus-

sion of existing solutions that were derived partly in the run-up to the action paper of the 

SAF working group (AG) of the federal government’s Working Group on Climate-Neutral Avi-

 

1 For an overview of the different production pathways, see [6]. 
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ation (AKKL) [3], as well as new potential solutions. These solutions were then further de-

veloped in conjunction with the relevant InnoFuels innovation focuses and supplemented 

with literature research and expert interviews. 

2 Ensuring sustainability 

The sustainability of alternative fuels is the key factor in order for such fuels to contribute 

to more climate-friendly aviation. This encompasses not only the input materials but also 

the production process. Within the framework of the obstacle analysis,2 numerous uncer-

tainties were identified in relation to the sustainability of SAF. These obstacles are largely 

due not only to unclear sustainability criteria (e.g. national differences in permitted biogenic 

raw materials or eligible sources of CO2) but also to a lack of clarity regarding the eligibility 

and book & claim use of SAF. This affects not only biogenic but also power-based SAF. The 

discussed solutions are therefore aimed primarily at transparent regulation that ensures 

sustainable production of the fuel but also includes certain scope for flexibility – particu-

larly in the market ramp-up phase.   

2.1 Recognition or harmonisation of deviating sustainability criteria  

In a global industry, unified international standards are essential in order to 

achieve transparency in terms of sustainability. This relates not only to the 

end product but also to the input materials because, if these materials are 

imported, for example, they must meet the sustainability standards of the importing coun-

try. However, the criteria according to which SAF is considered sustainable vary from one 

country and one region to the next. Although uniformly defined sustainability criteria theo-

retically already exist with the Renewable Energy Directive (RED II and RED III Directives) 

and ReFuelEU Aviation, some of these criteria lack clarity (particularly because the legal 

texts are often difficult to read and the calculation of greenhouse gas emissions is com-

plex) and transparency when it comes to their application (above all due to a lack of control 

mechanisms). Moreover, the guidelines and definitions outside the EU deviate strongly 

 

2 The obstacles to the market ramp-up of  AF were analysed by the innovation focus “Application in Aviation” in a previous 

report as part of InnoFuels.  
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from these criteria. Action is needed when it comes to working towards uniform interna-

tional standards, for example with regard to uniform global rules for the use of carbon di-

oxide (CO2), particularly in relation to the use of industrial sources [3]. 

Since aviation is a global market, the aim should be to achieve worldwide homogenisation 

of sustainability criteria, although this is seen as a particularly challenging proposition. In 

view of national legislation and differences between countries, there is a risk that the ho-

mogenisation of sustainability criteria could cause the criteria to be reduced to the lowest 

common denominator, which could in turn jeopardise the achievement of sustainability 

goals. Initially, however, the existing standards for the larger markets, such as the EU, the 

USA and China, must be analysed in order to identify differences in sustainability criteria. 

Likewise, the International Civil Aviation Organization (ICAO) has already defined sustaina-

bility criteria for SAF within the framework of the Carbon Offsetting and Reduction Scheme 

for International Aviation (CORSIA)3 [4]. A first step towards the recognition or harmonisa-

tion of deviating sustainability criteria could therefore be for official bodies to create a 

guideline that explores the objectives, differences in regional regulations, and options for 

harmonisation. 

2.2 Targeted flexibility in implementation  

Strict sustainability criteria are fundamental so as not to jeopardise the over-

arching goal of climate neutrality. In addition, there are strict certification pro-

cesses (see ASTM D4054 [5]) that must be adhered to in aviation. Neverthe-

less, it is important to explore whether the market ramp-up of SAF could be accelerated as 

part of a pragmatic approach if interim solutions were also possible or greater use could 

be made of them, such as the use of CO2 from point sources that are difficult or impossible 

to avoid or production via co-processing (in relation to co-processing, see [6]). Here, in the 

 

3   ee the report “Overview of relevant laws and industry standards for the market ramp-up of sustainable aviation fuels” from 

the innovation focus “Application in Aviation” as part of the InnoFuels project. [6] 
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interest of sustainability, it is important to ask whether there is not already a way of achiev-

ing added value with an interim solution that is, for example, 80% sustainable, instead of 

waiting for a 100% solution.4 

This also raises the question of the sensible long-term use of investment capital. Indeed, 

temporary or interim solutions are not currently envisaged by the EU or regulations in the 

area of PtL production, as the aim is not to incentivise solutions that are only (relatively) 

short-term. The aim is to prevent such approaches from becoming a permanent solution, 

which could jeopardise sustainability in the long term from the perspective of political de-

cision-makers and is the reason for this critical stance. On the other hand, temporary solu-

tions could contribute to the expansion of production capacities. 

Apart from regulatory requirements, it is also important to build acceptance among air pas-

sengers and in society, e.g. in the form of information on the avoidance effect that can 

actually be achieved in relation to climate-damaging emissions, as well as explanations of 

why production is more expensive than fossil kerosene and other background information 

on SAF.  In addition to the aforementioned temporary solutions for the extraction of CO2 

and SAF production, this can be demonstrated using the example of hydrogen (H2) produc-

tion. Obtaining hydrogen using nuclear power could significantly reduce public acceptance, 

even though the EU considers nuclear power to be a sustainable source of power under 

certain conditions. Namely, certain natural-gas and nuclear-power operations are classified 

as transitional activities that are intended to contribute to climate protection according to 

the EU taxonomy for sustainable economic activities. These activities are subject to certain 

prerequisites and are time-limited. For example, new nuclear power plant projects for en-

ergy production are recognised as climate-friendly if planning permission is granted before 

2045 [7, 8]. Accordingly, the implementation of interim solutions is not fundamentally ruled 

out, and the example of hydrogen production could serve as an example for the production 

of PtL products or SAF in the specific application. 

 

4       In addition to the InnoFuels innovation focus “ ustainability”, this topic is also e amined in greater detail in the innovation 

clusters “Market &  egulation” and “ upply  hain”. 
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2.3 Certification requirements with a long-term perspective 

Stakeholders see the creation of a long-term perspective as a very important, 

or even the most important, approach to a solution. Without a long-term per-

spective, investments in PtL facilities carry considerable risk, as it takes a long 

time to build a new facility (several years, depending on the size). In other words, the frame-

work conditions must be reliable and must offer grandfathering of current sustainability 

criteria in order to safeguard investments. In the learning phase of the market ramp-up, it 

is possible to modify and further develop (technical) requirements for PtL SAF production, 

for example in relation to the sourcing of renewable energies or CO2. This is similarly true 

of the procurement of the raw gases CO2 and H2 on a balance basis. It is currently possible 

to procure the feed gases on a balance basis via a common feed line. However, this is as-

sociated with narrow framework conditions, e.g. due to the fact that the accounting period 

is limited to three months or a quarter. There is also no certainty that the procurement cri-

teria will not be adjusted again in the coming years. With regard to eligible raw materials, 

there are still contradictions between the RED II revision and the ReFuelEU Aviation regula-

tion [9]. In order to drive forward investments, grandfathering rights could be considered for 

initial projects, as many private investors are currently unwilling to bear the risk of financing 

installations and projects due to the lack of safeguards (see section 4.3) [3]. 

It is important to note that this is not about watering down existing laws or framework con-

ditions, but rather about creating rules that can be relied on in the long term. One example 

for this is the introduction of E10 petrol in 2010. E10 was introduced in Germany in order to 

meet the requirements of the EU directive on the reduction of greenhouse gas emissions 

from fuels [10]. From that point onwards, there was initially a binding requirement that pet-

rol with up to 10 vol% bioethanol had to be offered at petrol stations. Since 2015, however, 

distributors have only been required to demonstrate the reduction in greenhouse gases [11], 

i.e. the proportion of biofuels can be lower accordingly. Given that the fuel is offered at a 

cheaper price than normal (premium) petrol, there is a secure market despite considerable 

criticism at the time of its introduction. 
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2.4 Political decision on the sustainability of biomass use  

There is a need not only now but also in the future to use biomass to meet the 

demand for SAF, together with PtL kerosene [1]. In order to expand production 

capacities and scale up the PtL process chain (see section 5), there is a need 

for sufficient quantities of H2 and CO2 or biomass. The supply of the corresponding quanti-

ties of H2 is tied to the expansion of electrolysis capacity and renewable energies. In terms 

of biomass, the proportion of raw materials from Germany used for the production of bio-

fuels was 15% in 2023 [12]. This raises the question of where further sustainable biomass 

potential is available that could be used for SAF production. In the EU, decisions regarding 

the use of sustainable biomass are made based on RED II or its revised version (RED III). 

However, the list of permitted biomass contained in the directive should be understood in 

a dynamic sense because there is a continuous need for adjustment to keep up with con-

stant advances in research. Discussions around new, specific and sustainable approaches 

to the use of biomass revolve, on the one hand, around the further development of existing 

approaches and, on the other, around new options. 

When it comes to the use of biomass or biogenic raw materials, it is important not to disre-

gard the balancing of sustainable development goals with social and economic factors. 

Moreover, strategic decisions on direction can only be taken and consistently implemented 

at the political level [3]. Uncertainties exist primarily in relation to the sustainability and cer-

tification of biogenic SAF as well as the criteria for production, which limit the choice of 

biogenic starting materials. 

 

Currently available biomass potential  

Based on the biomass use defined by RED II, appropriate importance is attached to the 

strategic further development of existing approaches, i.e. specifically to the use of bio-

genic residues and waste materials from agriculture and forestry. The exploitation of this 

biomass is also generally associated with the greatest potential in Europe in terms of avail-

ability and biomass use. This also applies to Germany, where new sources can still be 

tapped into (in an economically viable manner). With this in mind, approaches such as in-

novative conversion processes or synergistic techniques, which are used for the efficient 
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processing or recycling of residues and waste materials, should be further developed to the 

point of market maturity.5 

With regard to new options or sources of biomass, new possibilities are frequently raised, 

such as the potential of algae or the use of genetically modified and therefore higher-yield 

plants for biomass (which is, above all, a topic of research in the USA [13]). In the case of 

algae, however, despite their considerable potential (algae bind CO₂ from the atmosphere 

efficiently and contain a high proportion of fatty oils) [14], there are significant challenges 

when it comes to the production of algae fuels. So far, it has not been possible to achieve 

large-scale and economically viable production, with one key problem being the high pro-

duction costs [15, 16]. For these reasons, many companies – including large corporations 

such as Shell and ExxonMobil – have discontinued their algae fuel projects [17]. One prom-

ising solution for improving the profitability of algae production could be the “biorefinery” 

concept. In addition to biofuels, this would also derive sustainable alternatives for dietary 

supplements and plastics production – such as omega-3 fatty acids, vitamins, proteins or 

bioplastics – from algae. This parallel production of multiple products could tap into addi-

tional revenue sources, thereby bringing down the cost of production. Here too, however, 

there remains the challenge of designing efficient and cost-effective processes [15]. 

Further potential resources result from the use of industrial waste gases or urban waste. 

Corresponding techniques have been developed primarily in the USA by companies such as 

LanzaTech/LanzaJet  [18, 19, 20]. 

Moreover, geographical expansion could also be considered in order to exploit further bio-

mass by exploring the potential in neighbouring countries, as well as countries beyond the 

European continent. This is of considerable relevance to Germany, as a highly industrialised 

country, with a view to potentially importing and processing biomass and re-exporting part 

of the end products. Corresponding supply chains could be built up. To this end, there is a 

need to ensure compliance with the sustainability criteria, to include factors such as long 

transport routes, the associated costs and possible risk factors such as industrial policy 

and investment security in the corresponding countries, and to sufficiently weigh up the 

corresponding advantages and disadvantages in terms of an import strategy. 

 

   

 

5  SAF working group, Measure 9 
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Additionally available biomass potential 

Lastly, it is also important to consider whether redistribution could be used to tap into bio-

mass potential for SAF in the long term, for example by substituting existing production in 

different sectors with other sources on a long-term basis. One example would be the use 

of biomass for the production of bioethanol for admixture to E10. In the long term, increas-

ing electrification in the passenger car industry may result in less fuel consumption, thereby 

releasing biomass potential. This could open up an additional source for the production of 

biogenic SAF, e.g. Alcohol-to-Jet (AtJ) conversion.  

Figure 2 shows the energy supply from biomass in Germany in 2021 by biomass category, 

energy source and sectoral use. In total, the biomass used in that year came to 1,713 peta-

joules (PJ), covering 10% of German energy demand [21, 22]. 

 

Figure 2: Biomass use for energy in Germany for the year 2021 in petajoules (PJ) [21] 

Mobility is the sector with the lowest biomass use and is similar in magnitude to electricity 

derived from biomass (see Fig. 2). With that in mind, it is also worth considering a shift in 

the use of biomass not only within the transport sector. The diversion of biomass used in 

the electricity and heating sector is also conceivable and would be a sensible prospect in 

the medium to long term. For example, the expiry of support for waste wood under the Ger-

man Renewable Energy Sources Act (EEG) could potentially make significant quantities 

available for other energetic or material uses.  

                

                                  

             
        

             

                 

             

                 
        

                       
   

      

        

           

           

        

    

      

            
                                 
                                  



 

Page 13 of 53 

 

2.5 Clarity in terms of eligibility  

Only if there are clear rules on the eligibility of SAF for crediting against green-

house gas reduction targets – and these rules create an incentive for use – will 

airlines be motivated to use more sustainable fuel and therefore to have a pos-

itive impact on the climate footprint. The actual environmental benefits of SAF in the form 

of CO2 reduction and, as the case may be, reductions in non-CO2 effects must be compre-

hensible and capable of being recorded in full.6  Verification of SAF use is achieved using 

“chain of custody” ( o ) systems or tracking tools [23]. Besides the options for complete 

physical separation of SAF thanks to a separate supply chain or the mass balance system 

(a shared infrastructure used by various suppliers and customers), the most intensively dis-

cussed approach to the creditability of  AF in the aviation sector is currently the “book & 

claim” system. 

 

Book & claim 

A book & claim system can be seen as a refinement of the SAF flexibility mechanism de-

fined by the European Commission in the ReFuelEU Aviation regulation. With a view to en-

suring the supply of SAF until production and supply capacities are expanded over the next 

10 years, this allows the share of SAF to be distributed flexibly to EU airports. In the interim 

period, some airports can therefore be supplied with a higher share of SAF, while no or only 

a small share of the more sustainable fuel is used at other airports [24]. Details of the spe-

cific mode of operation and possible implementation of such a mechanism are yet to be 

provided by the European Commission.7 

In the case of book & claim, the crediting of SAF is decoupled from the physical use of the 

fuel. Producers, which would also be required to provide evidence of sustainability, would 

issue certificates in the amount of their production volume, which could then be freely 

traded. An airline could therefore declare the more sustainable fuel on a book & claim basis 

if it is not available at the airport or not refuelled directly. Objectives and framework condi-

tions for the development of specific models are already being defined by various initiatives 

 

6 Within the framework of InnoFuels, certification and crediting systems are dealt with primarily in the innovation focus “ us-

tainability”. 

7 1 July 2024 has been announced as the target date for defining the details. 
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and institutions [25]. The development of such a mechanism must ensure that Scope 1 and 

Scope 38 are not decoupled from one another when it comes to providing evidence to the 

regulator. Otherwise, the airline – as the SAF user – would have no way of crediting the 

emissions reduction. 

A pragmatic and flexible book & claim mechanism could support market ramp-up of SAF, 

as all users would have access to SAF regardless of their location and in a logistically 

efficient manner without the need for additional infrastructure or corresponding transport 

routes. In turn, this would expand the market potential for producers. However, there are 

challenges when it comes to designing a broadly applicable model and implementing it in 

an unbureaucratic manner accordingly. In turn, if various different systems were used, this 

would increase complexity for the user due to potential regional overlaps.  

 

Smart use of SAF 

The decoupling of SAF use through the purchase of certificates from physical use in the 

aircraft could, in the long term, also pave the way for the concept of the “smart use of  AF”. 

Here, the more sustainable fuel is specifically used on flight routes where an additional 

reduction of climate impact is to be expected due to the avoidance of non-CO2 effects [26]. 

When it comes to launching a book & claim mechanism, however, any new system should 

not be too complex in design in order to promote general acceptance of its use. Moreover, 

it would be sensible to adopt a uniform design of such a mechanism across the EU and 

ideally worldwide.  

3 Boosting demand 

According to current studies, there will continue to be a large price difference between SAF 

and conventional kerosene for the foreseeable future. One basic prerequisite for faster mar-

ket ramp-up and therefore for an effective boosting of demand for SAF – potentially beyond 

statutory quotas – is the equal treatment of domestic EU airlines and non-European com-

petitors in terms of competition. So far, the fact that SAF and, in particular, power-based 

 

8 In accordance with the definition in the Greenhouse Gas  rotocol,  cope 1 encompasses a user’s direct greenhouse gas 

emissions (combustion emissions of the fuel in the aircraft), whereas Scope 3 also includes all indirect emissions across 

the entire value chain.  
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PtL fuels will be available neither in sufficient quantities nor at competitively neutral prices 

for the foreseeable future has often been ignored in regulatory considerations. There is no 

tangible cost degression in sight. Only through a holistic strategy that systematically stim-

ulates SAF ramp-up through competitively neutral measures and that substantially reduces 

the price of SAF can there be a transition to carbon neutrality in aviation. 

In order to effectively boost demand for SAF, targeted measures must be adopted with a 

view to increasing the availability of SAF at competitive prices. The following examples are 

intended to clarify how a holistic strategy could be incentivised for a competitively neutral 

market ramp-up of SAF and what regulatory prerequisites must be established to that end. 

The examples demonstrate how regulatory and economic incentives could be effectively 

combined in order to sustainably promote the acceptance and use of SAF. 

3.1 Creating equal conditions for competition  

Differences in international and national SAF quotas can lead to unequal condi-

tions for competition between users. Appropriate measures that are designed 

to avoid distortions of competition should be adopted to avoid disadvantages 

for airlines operating in regions of the world and countries with high SAF quotas. 

3.1.1 Climate club model 

From an economic perspective, a club is a voluntary association of participants who share 

the costs of production of a common good in order to make shared use of it. The benefits 

of the club must be sufficiently large, and the members must pay contributions and adhere 

to the rules of the club. For example, a model for accelerating the market ramp-up of SAF 

and therefore the design of market regulations for aviation could be designed based on 

William D. Nordhaus’s climate model [27]. Thanks to international cooperation and unified 

standards, an “aviation climate club” for the  AF market ramp-up could help to minimise 

competitive disadvantages in European and global aviation, which arise due to different 

regulatory prerequisites for the use of SAF depending on the world region in question. A 

model of this kind should aim for carbon-neutral air transport in compliance with the Paris 
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Agreement, operate according to corresponding sustainability criteria, ensure fair condi-

tions for competition, and allow for technological openness in implementation. 9   

Coordinated measures for the promotion of SAF, as well as targeted economic incentives, 

could accelerate market penetration and effectively support the transition to carbon neu-

trality in air transport. The use of SAF could be harmonised and scaled up worldwide if the 

climate club were to focus on technological innovation and protecting competition. The 

transformation could also become independent through self-financing of the industry, e.g. 

by dedicated use of funding from the EU ETS for aviation. A corresponding model approach 

is being developed in the InnoFuels project as part of a separate study. 

3.1.2 End goal-oriented climate levy  

Another lever for effectively driving the scaling and use of sustainable aviation fuels and 

therefore for achieving the target of carbon neutrality in air transport by mid-century would 

be the introduction of an EU climate protection levy. This passenger and final destination-

based levy would be applied equally to all airlines, and the revenue would be earmarked for 

the SAF market ramp-up. The prerequisite for this kind of cost-neutral solution to creating 

a self-supporting market for SAF and a global level playing field would be that all existing 

national aviation levies in EU air transport were brought together within a single levy. The 

end goal-oriented climate levy would be based on the emissions for the specific flight des-

tinations and would therefore effectively contribute to the reduction of  O₂ emissions and, 

at the same time, to increased demand for SAF [28]. 

By analogy to the German aviation tax, the amount of the levy could be based on the dis-

tance to the destination airport (competitively neutral) and would be defined on an annual 

basis such that the total revenue covered the procurement of the SAF that was required 

from a regulatory perspective. Ultimately, the SAF procured in this way could be put into 

circulation in the EU at the price of conventional aviation fuel, which would effectively boost 

demand for SAF – potentially beyond the statutory requirements. 

Given that a climate protection levy serves a specific fiscal purpose, its introduction would 

be permissible under European law in accordance with Art. 100(2) of the Treaty on the 

 

9 In the InnoFuels innovation focus “Application in Aviation”, a model of this kind is being developed within the framework of 

a separately commissioned study. 
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Functioning of the European Union (TFEU) and possible in the event of unanimity in the 

European Council. 

3.1.3 Binding environmental and climate protection standards in air transport agree-

ments  

Another targeted measure to boost demand for sustainable aviation fuels is the implemen-

tation of unified, binding environmental and climate protection standards in bilateral and 

multilateral air transport agreements (see section 2.1). If Germany and the European Union 

were to ensure compliance with European SAF requirements (ReFuelEU Aviation quotas) 

both in the revision of existing and the negotiation of future air transport agreements, this 

would not only create a global level playing field but also, above all, significantly bolster 

demand for and production of SAF at the international level. For example, with a view to 

increasing SAF use, Singapore is planning to introduce mandatory refuelling of 1% SAF for 

departing flights from 2026, and this is to be increased to 3–5% by 2030 [29, 30]. These 

quotas are, however, below the European levels. 

3.2 Creating financial incentives  

With a view to promoting the use of SAF, targeted financial incentives should be 

created in order to cushion the additional costs for the more climate-friendly 

fuel. This could be achieved via tax advantages or fee reductions or through the 

expansion of SAF allowances/Fuels Eligible for ETS Support (FEETS). 

3.2.1 Tax advantages  

Until the introduction of a Europe-wide, harmonised, competitively neutral levy system for 

the effective scaling of SAF in Europe, existing fiscal levers – particularly at the national 

level – could be used and targeted at the production and use of SAF. In Germany, this re-

lates primarily to the national aviation tax, which was introduced by the German Aviation 

Tax Act (LuftVStG) on 1 January 2011 and, until 2024, runs to between €15.53 and €70.83 

per flight depending on the distance to the destination airport [31, 32, 33]. 

The principle of the efficient use of funds for the decarbonisation of air transport is also 

e pressly recognised by the legislature: the federal government’s coalition agreement for 

2021–2025 [34] set out plans to use the revenue from the aviation tax to promote carbon-

neutral, power-based aviation fuels. The redesignation of this tax revenue was intended to 



 

Page 18 of 53 

 

support the market ramp-up of SAF by investing the revenue in R&D projects for the produc-

tion and use of sustainable aviation fuels. This was with a view to making the production 

of SAF more attractive – particularly in the critical phase of market ramp-up – and to accel-

erate scaling, thereby boosting availability and cost-efficiency on a long-term basis. Despite 

the express commitment in the coalition agreement, an unplanned increase in aviation tax 

deprived the airlines of further capital, which could have been used for investment in fleet 

replacement and sustainable fuels. If the tax revenue raised by the industry could be used 

for scaling SAF as planned, this would represent an important contribution to achieving the 

climate goals in air transport.  

A look at the USA shows that it could lead the way with its funding policy for alternative 

aviation fuels. The Biden government has introduced tax credits in order to promote the 

development and use of these fuels. These credits start at USD 1.25 per gallon of SAF that 

achieves a 50% reduction in greenhouse gas emissions relative to fossil kerosene. For each 

additional reduction by 1 percentage point, an additional cent is paid – albeit up to a maxi-

mum of USD 1.75 per gallon. This measure, which is part of the Inflation Reduction Act 

(IRA), is aimed at annual production of 3 billion gallons of SAF by 2030 and a 20% reduction 

of CO2 emissions from air transport [35]. It is currently impossible to assess whether these 

rules will be abolished again by the new American administration, as announced before the 

election, or will endure.  

3.2.2 Advantages in terms of fees and charges  

The creation of financial incentives for sustainable aviation fuel by means of fee reductions 

or the fanning out of charges is a key method for promoting the introduction of SAF. Air-

ports and governments can introduce special programmes that subsidise the use of SAF 

and therefore reduce the economic hurdles for airlines. One example of such initiatives is 

the SAF Incentive Programme at Heathrow Airport (London), which covers up to 50% of the 

additional costs of SAF. Heathrow is seeking to triple the share of SAF at the airport. Other 

airports such as Schiphol (Amsterdam) and Arlanda (Stockholm) offer similar incentives. 

For example, Schiphol provides subsidies of €500 per tonne for bio-based SAF and 

€1,000 per tonne for PtL SAF, so that synthetic fuel is available and the costs for airlines 

are reduced [36]. 
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A holistic approach to defining an SAF strategy should not only take account of these initi-

atives of individual airports but also emphasise the need to establish coordinated and reg-

ulatory objectives. Unilateral airport initiatives have the disadvantage of distorting compe-

tition in Europe. On the other hand, binding regulatory objectives developed in collaboration 

with airlines, such as harmonised EU-wide implementation of ReFuelEU Aviation and sup-

porting efficiency measures, such as a book & claim system, could reduce logistics costs 

and emissions and simplify the provision of evidence [37]. 

A combination of airport and government incentives, as well as a coordinated regulatory 

strategy, could decisively spur on the market ramp-up of SAF. 

3.2.3 Expansion of FEETS/SAF allowances 

“FEE  ” – that is Fuels Eligible for ETS Support (formerly known as SAF allowances) – offer 

financial incentives to airlines to increase the use of SAF by compensating for the price 

difference relative to conventional kerosene, partly through the purchase of free certifi-

cates. This mechanism, which is enshrined in the 2023 revision of the EU ETS Directive [38], 

varies depending on the type of SAF used and the refuelling location. For example, the com-

pensation levels range from 50% for non-fossil kerosene, 70% for advanced biofuels and 

95% for PtL to up to 100% for the purchase of SAF on islands. The European Aviation Safety 

Agency (EASA) is currently tasked with determining and defining the price difference be-

tween conventional kerosene and SAF [39, 40].  

At a market price of appro imately €2,800 per tonne (t) for biogenic  AF (production costs: 

€1,800/t [39]) and an assumed future price of €4,500 per tonne for PtL kerosene, the addi-

tional costs relative to fossil kerosene, which is around €820/t [39], are significantly re-

duced, as shown in Figure 3. 

In terms of the price of PtL kerosene, it is currently only possible to make theoretical fore-

casts based on production costs. These costs vary depending on the literature source or 

scenario due to the chosen allocation methods, the technologies, and the raw material and 

staffing costs, which differ from one location or production country to another. According 

to EA A, the production costs for  t  kerosene in 2023 ran to €6,600–8,700/t [39]. The 

study by Andreas Meurer et al. [41] estimates the current costs in the baseline scenario as 

being slightly lower at €4,000–7,700/t. 

However, long-term forecasts point to more favourable developments: Stefan Bube et al. 

[42] assume that the production costs for synthetic kerosene could be around €3,500–
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5,500/t in the coming years. At the same time, the lowest costs can be achieved if account 

is also taken of the sale of by-products such as diesel and naphtha. The estimates of An-

dreas Meurer et al. [41] are even more optimistic, with expected production costs of 

€1,900–3,500/t for the year 2050. Although upscaling of production is likely, it is not cur-

rently foreseeable that this will cause the price to reach or even fall below the €3,500/t 

threshold in the near future.  his results in the above assumption of a price of €4,500/t for 

PtL kerosene. 

An extension of FEETS beyond 2030, as well as an increase in the available quantity, would 

be key levers for supporting air transport with the transition to carbon neutrality by 2050. 

The targeted promotion of SAF through financial incentives seems indispensable in order 

to mobilise the necessary investments in the production and use of SAF and to sustainably 

reduce emissions in air transport. 

 

Figure 3: Cost savings (in EUR) on a tonne of PtL or HEFA SAF (advanced biofuels) due to the pos-

sible receipt of FEETS (formerly SAF allowances); total bars indicate the respective market price, 

incl. SAF allowances in light green and the final price in dark green [own graph] 

 

The national implementation of the EU ETS 1 through the amendment of the Greenhouse 

Gas Emissions Trading Act (TEHG) envisages the provision of FEETS only in the reduced 

scope (“intra-EU”).  his applies to all flights with both their origin and destination in the 

European Economic Area (EEA), as well as flights from the EEA to Switzerland and the UK 

based on existing agreements. The application for FEETS is made via the emissions report 

 heoretical cost savings (in EU ) on a tonne of  t 
or  EFA  AF due to FEE  

 t  AF  EFA  AF Fossil kerosene
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from the reporting year 2024 onwards. The International Air Transport Association (IATA) 

emphasises the significance of such measures. Through greater support and an improved 

incentive system, Germany could lead the way on the introduction of SAF in air transport 

and make a key contribution to achieving the climate goals [43, 44]. 

3.3                     ’                     

At the end of the value chain, significantly higher fuel costs due to the use of 

SAF will also impact ticket prices for passengers or transport costs in airfreight. 

Here, depending on the customer segment, there is the possibility of adopting 

targeted measures in order to boost customers’ willingness to pay for the resulting addi-

tional costs. Individual incentives can be particularly effective in the case of passengers, 

while regulatory requirements are particularly relevant to corporate customers (business 

travel, airfreight). In relation to private aircraft, regulatory measures could also be particu-

larly effective in promoting the use of SAF.  

3.3.1 Commitment to carbon-neutral business travel 

Companies that make their business travel carbon-neutral rely on either sustainable tech-

nologies or offsetting. By giving preference to SAF or integrating it into their travel guide-

lines, companies create demand for more environmentally friendly fuel. The World Eco-

nomic Forum emphasises that although the establishment of a successful SAF market re-

quires bulk buyers such as airlines, the demand for SAF can also be boosted by business 

travellers from companies [45].  

One key driver of the increased use of SAF in the corporate context is the Corporate Sus-

tainability Reporting Directive (CSRD), which obliges companies to portray their greenhouse 

gas emissions transparently and to actively reduce them across the entire value chain. 

Here, the focus is particularly on the indirect Scope 3 emissions, which include business 

travel by plane [46]. 

This approach is complemented by offsetting, with compensation for the remaining CO2 

emissions through investments in climate protection projects. The combination of SAF and 

offsetting can further boost demand for SAF if companies use SAF as a key element of their 

emission reduction strategy for air travel. The Gold Standard organisation emphasises that 

this commitment contributes to the offsetting of emissions and the use of SAF to promote 
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market development and availability of sustainable fuels [47]. Through travel guidelines that 

favour environmentally friendly tariffs, companies strengthen this effect by creating finan-

cial incentives for the aviation industry to invest more in SAF [48]. 

3.3.2 Use of SAF in airfreight 

The use of SAF is also becoming increasingly important in airfreight. As with business 

travel, airfreight transport also falls into the category of companies’ indirect emissions 

(Scope 3), which must be disclosed and reduced within the framework of the CSRD [46]. As 

airfreight makes a significant contribution to these emissions in many sectors, the use of 

SAF here represents an opportunity to reduce emissions and document them transparently 

in sustainability reporting. 

Accordingly, logistics providers and airlines now offer SAF-based transport solutions spe-

cifically for their freight customers, for example in the form of SAF surcharges. Customers 

that book these sustainable options then receive corresponding certificates that can be 

used within the framework of CSRD reporting for Scope 3 emissions [49, 50]. In airfreight, 

SAF therefore represents a concrete option for meeting the increasing requirements for 

sustainable and verifiable emissions reporting. 

The willingness to pay for SAF in airfreight is therefore shaped less by individual conviction 

and rather, primarily, by regulatory necessities and corporate sustainability strategies. 

3.3.3 Regulatory requirements for business jets/private jets 

The discussion around the obligatory exclusive use of SAF for business jets highlights im-

portant regulatory and environmental questions. Business jets have a higher environmental 

impact per passenger but are currently exempted from, among other things, environmental 

levies such as the EU ETS 1 and are not taken into account in relation to SAF from a regu-

latory perspective. However, this segment of air transport could also become considerably 

more environmentally friendly due to SAF, which produces significantly lower CO2 emis-

sions than conventional kerosene, and could promote market ramp-up through correspond-

ing demand. The European umbrella organisation of NGOs in the transport sector, 

Transport & Environment (T&E), emphasises that additional funds could be generated 

through the corresponding measures, which are aimed at affluent passengers using private 

jets. In turn, these funds could be invested in the promotion of PtL SAF in order to promote 
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SAF in aviation. For example, this could be achieved through a levy on private jets per flight 

[51].  

3.3.4 Sales incentives for customers  

In sectors such as the food or fashion industry, too, the more sustainable purchase option 

generally comes at a higher price. The section of consumers that attach value to sustaina-

ble products are prepared to pay this price because, for them, the end product promises 

benefits in terms of sustainability. In air transport, too, this raises the question of what in-

centives could be offered to passengers so that as many of them as possible make a con-

tribution to sustainable aviation through their buying decision. This topic was explored by 

Frankfurt University of Applied  ciences as part of the “ ompIncent” project [52]10 with a 

view to developing innovative incentive measures aimed at motivating air passengers to 

voluntarily bear the additional costs of SAF. According to a survey carried out with 1,208 

participants as part of the project, it emerged that 51.2% of participants would not be pre-

pared to pay a voluntary surcharge for a flight that demonstrably gave rise to less or no CO2. 

In response to whether certain incentives could, on the other hand, motivate them to pay a 

surcharge, 45% of respondents answered in the affirmative. Most commonly, participants 

could be motivated to pay a surcharge on the flight ticket by add-ons such as a free change, 

the use of a “green lounge” or priority check-in. According to the results of the CompIncent 

project, other incentive mechanisms may lie in the areas of appreciation (e.g. gift on the 

plane, free coffee at the airport), information policy with respect to the end customer (CO2 

emissions, possibilities for CO2 reduction) and visibility (green boarding pass, recognition 

at the airport and on board). 

The design of an incentive system and the associated ticket prices should take account of 

the corresponding customer segment. A passenger in business class or first class gener-

ates higher CO2 emissions per capita than a passenger in economy due to the greater space 

requirements. Accounting for this relationship in the additional costs for SAF as part of the 

air fare would allow the burden to be distributed more equitably.  

 

10 The project is funded by the State of Hesse and the House of Logistics and Mobility (HOLM) as part of the “Innovation in 

Logistics and Mobility” measure of the Hessian Ministry of Economics, Energy, Transport and Housing. 
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3.4                    ’                    

In addition to measures to boost willingness to pay in the different customer 

segments, it is also important to consider such measures with respect to air-

lines. For example, this could take the form of corresponding financial man-

agement – or, from a technical perspective, the marketing of the additional advantages of 

using SAF.   

3.4.1 Financial management 

Effective financial management is vital in order to boost demand for SAF. One option here 

are wholesale cooperatives that bundle demand from multiple airlines and negotiate with 

SAF producers as a single block. This bundling improves pricing conditions and stabilises 

deliveries, contributing to a market ramp-up of SAF [53]. Equally important are specialised 

procurement organisations that focus on long-term contracts and the logistics infrastruc-

ture to ensure a reliable supply of SAF. 

However, these measures must be reviewed from a legal point of view, particularly in rela-

tion to anti-trust law. Wholesale cooperatives and procurement organisations could poten-

tially influence competition, and careful planning is therefore needed in order to minimise 

legal risks and ensure compliance with competition rules. A procurement organisation of 

this kind could, for example, also be part of an aviation climate club (see section 3.1.1). 

 he  AF working group’s catalogue of measures, which was developed within the frame-

work of the federal government’s Working Group on  limate-Neutral Aviation, underlines 

the need for initiatives of this kind in order to support the market ramp-up of SAF. The 

measures set out in this catalogue support the creation of efficient procurement structures 

and the pooling of demand as a central lever for boosting SAF demand and scaling up the 

market [3]. 

3.4.2 Marketing of additional advantages/benefits of SAF 

The additional advantages of using SAF can be leveraged in successful marketing. To avoid 

concerns around greenwashing and to promote acceptance, this communication should 

clarify the environmental impact on a factual basis. In addition to the reduction in net CO2 

emissions, the use of  AF also reduces “non-CO2 effects”, which include all emissions that 
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also contribute to global warming. Particularly worthy of mention here is the particle-in-

duced formation of vapour trails [54, 55]. 

Due to the altered composition of, above all, aromatic-free SAF in comparison with fossil 

kerosene, the jet exhaust trail contains significantly less – or hardly any – soot particles. 

Accordingly, this not only reduces the non-CO2 effects, but also allows for more complete 

– and therefore cleaner – combustion overall, resulting in less wear in the engines and 

greater combustion efficiency. 

These advantages are greater the higher the proportion of SAF used in refuelling. Based on 

the existing logistics and pipeline infrastructure at the airports, refuelling is only possible 

with separate refuelling logistics – even in the case of an already approved 50% mixture. In 

general,  AF is fed in via the e isting infrastructure, e.g. NA O’s  entral Europe  ipeline 

System, where it is mixed with pure fossil kerosene. The effort involved in refuelling with 

100% SAF would be much greater if this could only be used in aircraft approved by the 

manufacturers. 

4 Increasing willingness to invest 

The insufficient willingness to invest in production facilities for sustainable aviation fuels 

can be attributed to, in particular, the low expected return, the high risk of not achieving 

production and sale of the certified product, and difficulties in acquiring financial capital. 

To boost willingness to invest, there is therefore a need for a stable business class, planning 

certainty and, among other things, government investment incentives. This section sets out 

how these aspects can boost the attractiveness of investments in SAF facilities. 

4.1 Business case for investment in SAF facilities 

A business case encompasses all relevant factors that lead to a decision on 

implementing a project. An investment is only made if the sum of all relevant 

factors and their impacts is positive. As part of this process, opportunities and 

risks are weighed up against one another and evaluated. This is a good way of assessing 

the effectiveness of measures and solutions. It is important to create or boost opportunities 

and to minimise or rule out risks as far as possible. 
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4.1.1 Creating a market and a marketable product 

Most of the measures aimed at creating new opportunities are market-oriented. The market 

for SAF is made up of air transport with its various market segments. SAF is currently a 

cost-intensive product that offers little or no direct added value relative to conventional ker-

osene. The essential added value lies in the significant reduction of fossil greenhouse 

gases and their effects. So far, however, barely any – almost negligible – account has been 

taken of these effects when calculating the costs of using fossil kerosene. Worldwide, there 

is still no established mechanism for the consideration of these effects. 

For example, at an EU ETS CO2 price of €7011 per tonne of CO2, the additional costs per 

tonne of kerosene are around €220.12 At a price of around €820 per tonne of fossil kerosene, 

the total costs are around €1,040 per tonne and therefore still far below the price of  AF, 

which is significantly higher at around €2,800 in the case of  EFA  AF and at an assumed 

future price of appro . €4,500 in the case of  t   AF (in relation to the market price of  AF, 

and particularly the derivation of the PtL price, see section 3.2.3). For offsetting under COR-

SIA,13 the additional cost would instead only be around €60 per tonne of fuel, i.e. the costs 

for fossil kerosene would then be €880 [36]. In the event of failure to meet the  eFuelEU 

SAF quota, on the other hand, the assumed prices result in penalties of at least €3,960 or 

€7,360 per tonne (see Figure 4) for distributors, which are calculated as follows [56]: 

2 x (price/t of SAF – price/t of fossil kerosene) x SAF shortfall = penalty 

2 x (€2,800/t – €820/t) x SAF shortfall = €3,960/t minimum penalty for HEFA SAF 

2 x (€4,500/t – €820/t) x SAF shortfall = €7,360/t minimum penalty for PtL SAF   

For airlines, the penalty should be at least double the average market price of kerosene. 

Airports are also subject to other penalties, which are to be defined by the Member States 

[56]. However, the penalties only apply to the very small part initially covered by the quotas 

(EU admixture quota from 2025 onwards: 2% SAF).  

 

11   The average price for emissions allowances in the EU ETS was €65 in 2024 and €83.66 in 2023 [66]. 

12   Combustion of a tonne of kerosene releases approx. 3.16 tonnes of CO2. As of reporting year 2024, the German Emissions 

Trading Authority (DEHSt) considers this value to be the emission factor for Jet A and Jet A1 jet kerosene [66]. 

13    For an overview of CORSIA, see [6]. 
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In addition, it should be noted that, with regard to the national PtL quota in Germany (BIm-

SchG), which is to be abolished in favour of the EU quotas in any case, the penalty of some 

€3,000 per tonne envisaged in this conte t cannot have a steering effect in light of the pre-

viously assumed production costs of €4,500. In that case, the abatement costs would be 

less than the production costs.  

 

Figure 4: Abatement costs per tonne of SAF in the EU without taking account of FEETS (formerly 

SAF allowances); note: the price of PtL SAF, at €4,500, is an assumed future market price based 

on various studies (see section 3.2.3) [own graph] 

As the share covered by the quotas and therefore the penalties is initially very small, no 

market for SAF will develop due to the penalisation instrument alone. It is therefore neces-

sary to actively create this market via an appropriate framework. 

The first and most important measure to increase market opportunities is the definition of 

an attractive market with critical mass and growth potential for SAF, steady customers, 

high stability and predictable rules of the game. The critical mass and growth potential al-

ready exist. Indeed, the market for fossil kerosene is large and is likely to keep growing: in 

2019, approx. 48 million tonnes of fossil kerosene were used for refuelling in Europe [57]. 

At a price of appro . €620 per tonne in 2019 [58], this corresponded to a fossil market vol-

ume of around €30 billion. Even with stagnating consumption, this market will continue to 

Abatement costs (in EU ) per tonne of  AF in 2030 
(intra-European, without FEE  )
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grow due to the higher prices for SAF. However, steady customers, high stability and pre-

dictable rules of the game are not present in the market. 

Moreover, for investors, rising demand and a marketable product are indispensable. Given 

that demand does not arise automatically, in light of the high prices for SAF, it must first be 

created. In principle, this can be achieved directly by means of quotas, with sanctions in the 

event of failure to comply. Alternatively, it could also be achieved indirectly via a defined 

withdrawal from fossil kerosene. The marketable product is also defined externally: it must 

meet technical requirements for use in aviation (e.g. Jet A1 quality) as well as sustainability 

criteria stipulated by policymakers. Here, opportunities can be created and can serve as a 

framework for applying less stringent criteria to initial products and their production (e.g. 

playgrounds, regulatory sandboxes) than at a later stage. Moreover, the product must be 

recognised as SAF in order to be identified as such in the carbon pricing systems. 

4.1.2 Competitive production 

Companies or financial backers invest in a (future) state-of-the-art solution such as PtL in 

the hope that it will bring them competitive advantages or a good return. However, the in-

vestment costs are e tremely high for  AF, at over €6,500 per tonne of production capacity 

[59]. In order to finance these investments, it is vital to ensure access to affordable capital. 

This is where venture capital comes in. Assuming that an investment in an SAF facility were 

risk-free, the e pected profit from the aforementioned investments would be appro . €150 

per tonne. At an average dividend rate, it would be over €600, and in the case of high-risk 

investments, it would be over €1,000.14  

There is also a need for favourable location costs and favourable factor costs for the 

raw/input materials (deionised water or H2, CO2, renewable energy). The production of a 

tonne of PtL requires approx. 25,000 kWh of power and approx. 3.5 tonnes of CO2.15 Another 

key factor for investors is how soon the project can be implemented. Here, in terms of tim-

ing, it is particularly important to consider factors such as licensing procedures, procure-

ment processes, preparation of contracts and delivery times with technology providers, as 

 

14 Risk-free investment in German government securities: 2.5%; average MSCI World returns: 9.2%; returns on risky invest-

ments: 20% 

15 Energy content of 1 tonne of kerosene: approx. 12,500 kWh; stoichiometric CO2 effect: 3.15 
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well as construction site preparation. With faster processes, investors can hope for better 

sales potential and generate revenue faster.  

The complexity of a business plan and the influence of the individual elements highlight the 

need to develop an exemplary business case together with industry stakeholders and to 

use this as a basis for deriving effective measures and their leverage effects. The next sec-

tion sets out the key measures that are relevant from an investor’s point of view in order to 

boost the attractiveness and solidity of an investment in an SAF production facility. 

4.2 Potential-boosting measures as investment incentives 

With regard to sales, there are various options that increase both sales security 

and the lucrativeness of the price. An indirect increase in the costs of the com-

peting product fossil kerosene could be achieved through tax differentiation or 

successive increases in the price of airline-specific certificates in the EU ETS. Another op-

tion would be to apply a swap model in order to reduce the prices of SAF, initially to a 

reference price, and therefore to increase the sales potential of the first production runs. 

This could be done in the context of calls for tenders or via a contract for difference (CfD).  

To boost the sales potential in relation to corporate customers, one option would be to 

incorporate the business flyer segment within general aviation in the EU ETS or to make 

flights without SAF no longer tax-deductible. In addition, government bodies (e.g. business 

travel of members of federal government institutions, official air fleet of the Federal Armed 

Forces) could lead the way and purchase SAF for their own use. Here, pricing could be 

based on cost price. 

In order to improve returns on investment on the cost side, incentive measures are conceiv-

able in the area of CAPEX (investment grants) or OPEX (price and usage guarantees for 

renewable energy,  O₂ and feedstock). In the style of the Inflation  eduction Act (IRA) in 

the USA, tax credits could be granted, e.g. with respect to aviation tax, for achieving CO2 

reductions with SAF relative to fossil kerosene (see section 3.2). These credits could be 

applied both to the producer and to the purchasing airline. 

Besides the direct financial measures, however, there are other supporting elements. For 

e ample, the ac uisition of funding sources can be facilitated through “investor confer-

ences” – events that offer banks and venture capital providers the opportunity to enter into 

dialogue with potential producers and political representatives and to discuss projects, as 
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well as their implementation. The advantage of such conferences is that they support the 

partners when it comes to representing the complexity of SAF production and marketing in 

a comprehensible manner. 

The implementation of the auctioning procedure and the application of a swap model, as 

well as the implementation of subsidies or hedging (see below), among other things, would 

require the establishment of a transformation financing system (TFS). This system defines 

and coordinates how capital inflows, for example from state sources or levies, interact with 

capital outflows in subsidies, investments or price mechanisms (CfD, swap, price guaran-

tees). 

Another key factor is the acceleration of planning and licensing procedures. The construc-

tion of liquid gas terminals in 2022 has shown that even large-scale projects can be ap-

proved very quickly. This has an immediate positive impact on revenue generation and 

therefore on the profitability of the investment. 

4.3 Risk-mitigation measures for greater planning certainty 

 educing risks in the business case leads to an increase in a facility’s bankabil-

ity. Technological risks can be minimised through a diversified portfolio strategy 

based on investment in different technologies. However, the greatest risks for 

investors are of a regulatory nature, as the rules of the game can be changed in this regard. 

In particular, investment decisions are hampered by the fear of potential regulatory changes 

following an FID or during the operating phase of at least 10–15 years with high OPEX. This 

particularly affects areas that directly impact production costs or the marketability of prod-

ucts until the facility is amortised, e.g. changes in permitted raw materials, framework con-

ditions for the sourcing of green energy, quotas, penalties, CO2 reduction targets, etc. These 

affect the entire portfolio and therefore increase the risk for investments in SAF as a whole. 

Whereas, depending on its implementation, the force majeure clause of ReFuelEU Aviation 

[60] can reduce the risk of penalties for airlines and distributors, it increases the risk for 

investors.  ikewise, although the re uirement that the “review” clause of  eFuelEU Aviation 

be used to reduce competitive disadvantages addresses key issues in the aviation industry, 

this clause simultaneously increases the investment risks for SAF production facilities for 
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as long as it remains unclear whether and in what form the requirements of ReFuelEU Avi-

ation will be implemented. This can mean that investments are abstained from or delayed, 

which stakeholders have identified as a key obstacle. 

Stability in regulation is therefore the key factor for success. This stability could be facili-

tated through grandfathering rights, although that would require amendments to European 

legislation. A purely national solution would not be compatible with EU law. Moreover, the 

instrument can only cover such regulatory risks as arise due to changes in sustainability 

criteria or the nature of fuels. For example, it would be stipulated that projects realised 

within a certain period of time could engage in production in accordance with the applicable 

rules at the time of their approval until the end of their technical life (20–30 years) and mar-

ket the products as SAF. 

If the regulation were changed, e.g. by postponing the admixture quotas, this would result 

in revenue and cost risks for producers. Other instruments are needed to mitigate these 

risks. In relation to financing, one option is to mitigate risk through price guarantees on 

sales of SAF or the procurement of raw materials and energy. These measures could be 

financed from government resources or from a transformation fund as part of the afore-

mentioned  F .  articularly in the case of “first-of-its-kind” facilities, risks can be mitigated 

through subordinated loans or state guarantees. These measures also facilitate access to 

private capital, so that the financing could be secured.  

Moreover, the clear presentation of regulations could help to alleviate risks in planning and 

execution. Simple options include the creation of a handbook or toolbox or the establish-

ment of advisory bodies, for which projects like InnoFuels could act as an initiator or provide 

start-up assistance. Furthermore, an integrated and coordinated approach by the partici-

pating licensing authorities could significantly accelerate the procedure when it comes to 

building corresponding facilities. 

5 Increasing production 

The increase in the production capacity of PtL facilities is one of the most important levers 

when it comes to supplying more SAF and thereby accelerating market ramp-up. To this 

end, several prerequisites must be met: 

• increase in technology readiness level (TRL) 
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• safeguarding of financing 

• clear regulations for production and use 

• location-specific factors 

• supply of the necessary raw materials 

The biggest obstacles are currently seen as being the lack of investment security or safe-

guarding of financing, as well as the uncertain availability of starting materials (H2, CO2, 

biomass), which is primarily due to regulatory requirements that lack clarity in some re-

gards. Resolving these obstacles could result in a significant ramp-up in production capac-

ities. The above conditions are explained in greater detail below. For the availability of raw 

materials, please refer to section 2.  

5.1 Increasing technology readiness level (TRL) 

One key prerequisite for the build-up and expansion of production capacities 

for SAF is the full development, demonstration and establishment of corre-

sponding technologies. Whereas biogenic SAF based on vegetable oils and 

carbohydrates (e.g. sugar, starch and lignocellulose) is already well developed (e.g. AtJ or 

HEFA SPK), the technology readiness level for the production of synthetic SAF via Fischer–

Tropsch or methanol/dimethyl ester synthesis is not yet sufficient for commercial imple-

mentation. It should be noted that the use of renewable aviation fuel has so far focused 

primarily on admixture. The long-term aim is to develop pure (100%) SAF, which must fully 

meet the requirements in terms of infrastructure, engine technology, etc.  

One challenge when it comes to evaluating development stages is that similar develop-

ments are (or can be) assessed with different TRLs, as these usually stem from an individ-

ual assessment by the developers themselves or are carried out by others according to 

different criteria. The definitions for the TRL scale, originally developed by the National Aer-

onautics and Space Administration (NASA) [61], have been applied analogously to the as-

sessment of the development of other processes, including, for example, by the EU as part 

of their support measures, within the federal government’s current Energy  esearch Frame-

work Programme, or by project sponsors [62]. A classification for the development of pro-

cess routes for fuel production can be found in DBFZ Report 44 [63], although there is no 

common definition.  o this end, the InnoFuels innovation focus “ roduction” aims to de-

velop uniform criteria that can be used to assess the TRL for a specific development. In 
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addition, process chains for the production of renewable aviation fuels generally comprise 

a whole series of individual processes with different development stages. The overall stage 

of development is then generally derived in different ways. With that in mind, a recommen-

dation is also being developed for the TRL assessment of composite process chains. 

Research and development to increase TRL 

One approach to increasing the TRL of technologies is to pool research and development 

(R&D) in this area, for example by building test and pilot facilities (TRL 5–7) in consortia 

with an appropriate composition. Particularly in the precompetitive phase of process devel-

opment, the coordinated intensification of collaboration is desirable in order to map pro-

cesses across the entire value chain and to promote interdisciplinary collaboration, as well 

as the resulting synergies. This could be supported by corresponding promotion of re-

search and development, on which research is always dependent, particularly in the case 

of work aimed at increasing the TRL. The suspension or complete cessation of funding, as 

occurred at the end of 2023, is diametrically opposed to the desire for timely implementa-

tion. Experience in recent years shows that R&D funding cannot be limited solely to the cost 

of building test facilities. Particularly in the case of semi-technical and pilot facilities of TRL 

5 or above, experience shows that, following initial commissioning, it takes a long time for 

the functioning, operation and product quality to meet expectations. This also calls for well-

trained staff for a period of more than three years, which must be funded beyond the con-

struction phase. 

Like industry, research is also dependent on derisking. For example, this could involve pro-

jects or pilot facilities receiving funding over a period ranging from several years (> 3) to 

decades. It would also be possible to create a business case via lighthouse projects. This 

would provide industry partners with greater certainty to invest in research as well. In addi-

tion to a long-term perspective for a business model in the respective market segment, 

there is a need for measures to compensate for the relatively high production costs at this 

stage of development with a view to incentivising investment. If this is done for sufficiently 

long periods of time, industry partners are given additional impetus to commit and invest 

more intensively in the research phase. Here, it is important not only to focus on the pro-

duction of PtL SAF but also to take account of further PtL products during development, 

particularly with regard to the FT route. For technical reasons, the FT product spectrum 

includes not only SAF but also PtL naphtha and/or diesel as unavoidable by-products 

(coproducts). When it comes to investments in research by industry, this should therefore 
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also be made attractive to other stakeholder groups (e.g. the chemical industry as a possi-

ble buyer of naphtha or shipping as a possible buyer of diesel). After all, it is also clear that 

targeted research is essential in order to support the raising of the TRL and therefore the 

upscaling of production capacities. 

In terms of development time and the necessary effort or expenditure (including financially, 

in terms of staffing, and methodologically), it makes a difference 

• whether a process development to increase the TRL follows the classical approach 

of scaling up via various sizes of facility (semi-technical → pilot → demo → pro-

duction), each with a greater production capacity, or 

• whether the same production capacity, spatially distributed according to demand, 

is achieved with a greater number of small-scale modular facilities that can be 

brought to commercial maturity within a shorter development time (numbering up). 

Each case requires the development of corresponding production capacity for their manu-

facturing and the associated feedstock and product logistics, which is at least partly avail-

able for large-scale facilities on sites that have already experienced industrial use (“brown-

field sites”).  

Further development of production routes 

Research and development should focus not only on further developing and optimising 

those technologies that are currently the most promising – in addition to the Fischer–Trop-

sch process, the methanol-to-jet process is also of interest for SAF production – but also 

on further promoting the testing and development of new processes. On the one hand, new 

processes have the potential to make previously unused resources suitable for SAF pro-

duction. On the other, it has been shown that new processes also pave the way for produc-

ing fuels with a different composition, which can in turn influence the fuel’s emissions and 

properties. Given the potential change in composition, new fuels must also undergo an elab-

orate, time- and cost-intensive approval process in accordance with the standard ASTM 

D4054 [5]. This process can also be supported by research, e.g. with prescreening by the 

DLR [64], which can yield considerable time and cost savings for the approval process. Here, 

all relevant fuel parameters are determined and validated in advance of the actual approval 
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process, significantly boosting the chances of successful direct approval without individual 

steps having to be repeated.16  

In particular, processes that are relevant to PtL process chains exhibit not only fundamental 

(economic) challenges but also relatively low technical readiness and are still some way 

from commercial use. On the one hand, these are the technologies for harnessing carbon 

dioxide in chemical synthesis, e.g. the reverse water–gas shift reaction and high-tempera-

ture co-electrolysis for the production of syngas or new catalysts for direct synthesis. On 

the other hand, it is particularly important to increase the TRL for the supply of CO2 using 

direct air capture (DAC) technology. As long as the DAC process is not yet sufficiently de-

veloped, there will be a need for other carbon sources, which are currently based primarily 

on biomass and to a limited extent also on concentrated CO2 sources (point sources). How-

ever, biomass is a limited resource, and statutory requirements mean that not every bio-

genic carbon source is also a potential carbon source for the production of eligible SAF. 

The use of CO2 from point sources is subject to strict regulatory limits, including in order to 

avoid the use of CO2 with lower greenhouse-gas reduction becoming a permanent solution. 

Even assuming complete defossilisation, however, it is foreseeable that there will be una-

voidable CO2 emissions from industrial processes (e.g. cement production, chemical indus-

try) in the future (2040+). There will therefore be a need for DAC technology in the long term 

to reduce CO2 emissions. The testing of PtL SAF production processes on the pilot and 

demonstration scale offers an opportunity to further develop this technology in parallel. 

5.2 Safeguarding financing 

First of all, please refer to section 4 of this report for a purely economic perspective on 

ensuring willingness to invest. The possible solutions from a production perspective are 

outlined below. 

Given the low current production capacities and lack of support for industry, companies 

would at present need to invest considerable equity capital (depending on the size of the 

facility, this amount can be assumed to be at least in the mid-hundreds of millions), which 

 

16 At present, a further development of the prescreening process is continually carried out as part of projects funded nationally 

or by the EU, e.g. in the Federal Ministry of Digital and  ransport (BMDV) project “ efineries for Future”. 
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carries a high level of risk in an unclear regulatory environment. As long as long-term cer-

tainty is not provided via regulatory measures, one possible solution is to create guidelines 

in order to assist affected companies with implementation and reduce the risk associated 

with the necessary investments (at least to some extent) [3].  

When it comes to creating a guideline, it is important to consider the target audience – with 

producers, distributors and users, there are at least three groups with different require-

ments. For example, relevant aspects for producers include specifications for the starting 

materials or information on permitted feedstock materials and quantities for co-processing, 

as well as, where applicable, best practices and economic framework conditions relating to 

production processes [6]. If necessary, reference can also be made to other guidelines, e.g. 

the approval process for the introduction of a new SAF (ASTM D4054) [5], which is also 

relevant to the use of a new production process. For distributors and producers (which are 

often one and the same), guidelines on fuel handling and logistics – and particularly on 

sustainability certification – are important. Users, e.g. airlines, must in turn rely on produc-

ers to meet all sustainability criteria. For users, the only relevant questions are under what 

conditions, where and how they can credit the use of SAF (see e.g. CORSIA, EU ETS, book 

& claim).  

5.3 Clear regulations for production and use 

Regulations can specify the entire life cycle of the SAF, from the raw materials to production 

and use. The regulatory framework regarding the raw material sources and for production 

is primarily conditioned by the need to ensure sustainability and has already been described 

in section 2. The aim is to create a market with the help of regulations that are as clear and 

reliable as possible. For producers, predictability that this market and the associated (clear) 

rules will be in place in the long term is essential in order to develop corresponding business 

models/business cases and thus to service the market. 

For the use of SAF and the promotion of its market ramp-up, four fundamental industrial 

policy instruments were identified as part of the stakeholder workshop (see section 1), 

whose implementation into a regulatory framework is thought to be potentially useful: 

(I) the introduction of binding quotas for the use of SAF 

(II) the imposition of penalties for non-compliance with quotas 
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(III) subsidies for the procurement of SAF 

(IV) taxation of fossil kerosene 

Quotas and penalties have already been introduced through ReFuelEU Aviation. It is becom-

ing apparent, however, that they are not enough alone to initiate market ramp-up [1]. The 

extent to which the existing quotas can be implemented given the current shortage of SAF 

remains in  uestion.  he innovation focus “Market &  egulation” addresses the degree to 

which subsidies for SAF and/or taxation of fossil kerosene create an incentive or, con-

versely, have a counterproductive effect. 

At this point, it is important to emphasise that government cannot be solely responsible for 

the expansion of production capacities and the market ramp-up of SAF, as it does not build 

any facilities or place fuels on the market itself. However, it must create a secure frame-

work for industry and business through corresponding instruments (see e.g. points I–IV) 

and clear regulations. In turn, based on the specifications or political framework conditions, 

these stakeholders are responsible for implementation with a view to expanding production 

capacities and market ramp-up of SAF. 

5.4 Location-specific factors 

In addition to the fundamental challenges described above, there are also always location-

specific factors that can act both as obstacles and as drivers. These are factors that are 

determined by local conditions, such as existing or planned infrastructure, logistics and the 

supply of resources such as energy, raw materials and skilled workers. However, local po-

litical, economic, social and regulatory framework conditions also play an important role. 

For example, there are currently only a few possible locations in Europe and particularly in 

Germany that meet the requirements in terms of electricity with regard to grid infrastruc-

ture and the share of renewable energies for the production of PtL fuels. There is also a 

need to compensate for the fluctuating production of renewable electricity, particularly in 

the event of a “Dunkelflaute” (i.e. a period when neither solar nor wind energy is available). 

This results in load variations during electrolysis, leading to uneven or even discontinuous 

production of hydrogen. Ideally, however, PtL production facilities should always operate 

continuously and at the highest possible degree of utilization. This requires a steady supply 

of the feed gases H2 and CO2. Accordingly, suitable locations must be either identified and 
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upgraded or created, e.g. by supplying existing industrial parks with sufficient quantities of 

regenerative energies and reserving storage facilities for H2, as well as for CO2.17 

Another location-specific issue is the availability of skilled workers. On the one hand, in 

industrialised countries, classical refineries will ultimately have to convert their operations 

in any case. On the other hand, conventional refineries will operate in parallel with facilities 

for the production of biogenic and power-based SAF, as well as other PtL products, for many 

years. The fact that the two sectors are reliant on the same limited pool of skilled workers 

points to a need not only for continuous training of new skilled workers but also for some 

way of coordinating the transfer of such workers between the sectors. Furthermore, the 

necessary certifications to ensure the sustainability criteria call for specially trained per-

sonnel. The question is therefore whether this problem ought to be regulated through in-

dustrial policy. 

Another key example of the influence of location-specific factors is the production of sus-

tainable fuels or their precursors, such as Fischer–Tropsch products or methanol, in up-

stream process chains at “favourable locations”, generally outside Europe.  hese locations 

generally offer considerable potential for the production of renewable energy, but there are 

sometimes challenges in terms of infrastructure, the supply of raw materials (especially 

drinking water), or the political and social framework. For example, if it is first necessary to 

install facilities for the production of renewable electricity, to build infrastructure or to fun-

damentally train or bring in skilled workers, this obviously provides opportunities to support 

the corresponding regions in terms of their economic and social development on the one 

hand, but also leads to additional costs, effort and time requirements on the other. Unclear 

regulations or uncoordinated certification systems, as well as political uncertainty, can even 

rule out concepts of this kind.  

The above examples are intended to illustrate that location-specific factors can play an im-

portant role but also, above all, an ambivalent one. They must be taken into account in the 

development of production concepts or concepts for value chains and, of course, when 

selecting suitable locations. At the same time, driving factors must be weighed up against 

hindering factors. As discussed in general terms in the previous sections, this could be 

 

17  The BMDV funding project “ eal-time Power Supply for e-fuels” ( e o e) e amines how the fle ible operation of a  t  

facility works in practice with fluctuating availability of electricity. 
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achieved by pooling research and other activities – for example in relation to resource po-

tentials, industry and infrastructure, as well as social factors – and made available in guide-

lines. In addition, clear and reliable regulation and certification could be developed with the 

corresponding partner countries. 

6 Outlook 

This report sets out a series of possible solutions as a contribution to the discussion around 

accelerating the market ramp-up of SAF. It examines ways of ensuring sustainability, boost-

ing demand and increasing willingness to invest, and therefore for expanding production.  

To ensure sustainability, there is a need for clarity in terms of eligibility, a flexibility mecha-

nism for the book & claim use of SAF, a political decision on the sustainability of biomass 

use, certification requirements with a long-term perspective, targeted flexibility in imple-

mentation, and a recognition or harmonisation of deviating sustainability criteria, among 

other things. In order to boost demand, it is important to reduce the cost of SAF, increase 

the willingness to pay on the part of airlines and their customers, and to create equal con-

ditions for competition and financial incentives. To increase the willingness to invest in SAF 

facilities, there is a need not only for investment incentives but also, above all, for a solid 

business case and planning certainty. Lastly, in terms of production, capacities must be 

expanded and the TRL must be increased. 

In particular, the creation of a business case and the systemic approach of a market model 

have proven essential, as many obstacles can then be addressed at the same time. Another 

focus is the (ongoing) lack of upscaling in terms of production facilities. As the project 

proceeds, there are plans to examine selected solutions in greater depth. In the innovation 

focus “Application in Aviation”, this will include the creation of an e ample business case 

and an overarching market model (“aviation climate club”) that discusses questions around 

the organisation of the financing and procurement system. Moreover, further selected so-

lutions will be developed by InnoFuels both in “Application in Aviation” and in the other ar-

eas. 
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List of abbreviations 

Abbreviation Meaning 

TFEU Treaty on the Functioning of the European Union 

AG Working group (Arbeitsgemeinschaft) 

AKKL Working Group on Climate-Neutral Aviation 

ASTM American Society for Testing and Materials 

AtJ (SPK) Alcohol-to-Jet (synthetic paraffinic kerosene) 

BMDV German Federal Ministry for Digital and Transport (formerly the BMVI) 

BMWK German Federal Ministry of Economic Affairs and Climate Action (for-

merly the BMWi) 

CAPEX Capital expenditure (investment expenditure) 

CfD Contract for difference 

CO2 Carbon dioxide 

CoC Chain of custody 

CORSIA Carbon Offsetting and Reduction Scheme for International Aviation 

CSRD Corporate Sustainability Reporting Directive 

DAC Direct air capture 

DLR German Aerospace Center (Deutsches Zentrum für Luft- und Raum-

fahrt e.V.) 

EASA European Union Aviation Safety Agency 

EU European Union 
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EU ETS EU Emissions Trading System 

EEA European Economic Area 

E10 Petrol containing 5% to 10% bioethanol 

FEETS Fuels Eligible for ETS Support 

FMS Forms management system 

R&D Research and development 

H2 Hydrogen 

HEFA (SPK) Hydroprocessed esters and fatty acids (synthetic paraffinic kerosene) 

IATA International Air Transport Association 

ICAO International Civil Aviation Organization 

IRA Inflation Reduction Act 

Jet A1 Jet fuel, kerosene 

LuftVStG German Aviation Tax Act 

NASA National Aeronautics and Space Administration 

OPEX Operational expenditure 

PtL Power to liquid 

RED Renewable Energy Directive 

SAF Sustainable aviation fuel 

TEHG Greenhouse Gas Emissions Trading Act 

TFS Transformation financing system 

GHG Greenhouse gas 
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TRL Technology readiness level 

UK United Kingdom 

USD US dollars 

USA United States of America 
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