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Abstract  

Framing (subject, context, motivation and problem) 

Sustainable Aviation Fuels (SAF) are presented as a credible and necessary alternative, in 

the constant technological development that is felt in the aviation industry. Sustainability 

is a current issue that involves the scientific community, the fuel industry and the global 

economy as a whole (in addition to the concerns that a large part of humanity has with 

climate change and with the preservation of the planet, the environment and the 

ecosystems). This theme has had very specific technical approaches. In this project, we 

intend to explore these issues in the context of the technological development of the SAF, 

identifying and characterizing the opinions and representations that exist among 

professionals in the sector and the academic community in this specific area. 

Resolution approach (case study and analyzed data) 

Thus, we will try to understand the perceptions that various groups in society (of people 

connected to aviation) have about the use of SAF and if there is a different predisposition 

of the general public to pay more for air travel by this small part of the population because 

they have a little more information about these technologies.   It is crucial to understand 

their perceptions, attitudes, social trust and risk and benefit analysis and how this changes 

their willingness to pay more for flights. 

Finally, it is necessary to confront these perceptions coming from this different population 

and with a more specific and complete technical knowledge (?) with that which other 

studies allow to assess from the general public. Are they coincidental? Can we understand 

the reason for these similarities or differences? 

In the search for a resolution after this type of approach, we analyzed the responses of a 

sample of 430 people professionally and academically related to aviation in the search for 

conclusive answers. 

Most relevant conclusions 

People related with aviation (professionally and academically) show some lack of 

knowledge about SAF that must have to be understanded and mitigated in a proper way. 
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This sample of people related with aviation show a predisposition to pay more for air travel 

if the perceived benefits are clear and the social trust are reinforced, and their attitude 

should be according to their knowledge (is not so big that we initially supposed to), so the 

willingness to pay should be a reality if all this indirect influence could be obtained. Risk 

perception also seems to be underestimated. 
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Resumo 

Enquadramento (assunto, contexto, motivação e problema) 

Os Combustíveis de Aviação Sustentáveis (SAF) apresentam-se como uma alternativa 

credível e necessária, no constante desenvolvimento tecnológico que se faz sentir na 

indústria da aviação. A Sustentabilidade é um tema da atualidade que envolve a 

comunidade científica, a indústria dos combustíveis e a economia global como um todo 

(além das preocupações que uma grande parte da humanidade denota com as alterações 

climáticas e com a preservação do planeta, do ambiente e dos ecossistemas). Este tema 

tem tido abordagens técnicas muito específicas. No presente projeto, pretende-se explorar 

estes assuntos no contexto do desenvolvimento tecnológico dos SAF, identificando as 

opiniões existentes entre os profissionais do setor e a comunidade académica nessa área 

especifica, tentando perceber a sua predisposição existente para pagar mais pelo uso dos 

SAF nas viagens aéreas. 

Abordagem resolutiva (estudo de caso e dados analisados) 

Assim, iremos procurar compreender as perceções que diversos grupos da sociedade (de 

pessoas ligadas à aviação) têm sobre a utilização dos SAF e se existe uma predisposição 

diferente da generalidade do publico para pagar mais pelas viagens aéreas por esta 

pequena parte da população por terem um pouco mais de informação sobre estas 

tecnologias. Torna-se crucial compreender as suas perceções, atitudes, confiança social e 

analise dos riscos e benefícios e de que forma isso altera a sua vontade de pagar mais pelos 

voos. 

Por fim, é preciso confrontar essas perceções advindas desta população diferente e com 

um conhecimento técnico mais específico e completo(?) com aquela que outros estudos 

permitem aferir do publico em geral. Serão coincidentes? Será que conseguimos perceber 

o porquê dessas similaridades ou diferenças? 

Conclusões mais relevantes 

As pessoas ligadas à aviação (profissional e academicamente) demonstram algum 

desconhecimento sobre a SAF que deve ser compreendido e mitigado à sua maneira. 

Esta amostra de pessoas relacionadas com a aviação mostra uma predisposição para pagar 

mais (WTP) pelas viagens aéreas se os benefícios percebidos forem claros e a confiança 
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social for reforçada, e a sua atitude deverá estar de acordo com o seu conhecimento (não 

é tão grande como inicialmente se supunha), pelo que a disponibilidade para pagar deveria 

ser uma realidade se toda esta influência indireta pudesse ser mantida. A perceção do risco 

também parece ser subestimada no estudo. 
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Glossary 

Aeronautical Sciences – Science that studies all aviation components in the scope of 

operation, design, production, maintenance, and training. 

Circular Economy (CE) – The CE is a system where materials never become waste and 

nature is regenerated. 

Composite Materials – materials used in the structure of the aircraft, consisting entirely of 

layers of glass fibers or layers of carbon fibers, can also be formed by mixing the two 

materials (hybrid parts). These materials replace the use of aluminum in the structure of 

the aircraft, which makes it significantly lighter, including other efficiency factors related to 

durability and maintenance. 

Decarbonization – the process of limiting or eliminating the use of carbon-emitting energy 

sources in order to reduce the emission of Greenhouse Gases. 

Electro fuels – use clean electricity to join water hydrogen with carbon dioxide carbon, 

which results in hydrocarbon fuel. 

Green Rate – additional costs of clean energy. 

Hubs – specific airports used by airlines as a transfer point for passengers to reach their 

final destination. 

JET A1 – regular fuel for jet aircrafts 

Kyoto Protocol – Signed in 1997, the Protocol should be ratified by at least 55 countries 

representing a minimum of 55% of Annex B emissions in 1990. This quorum was achieved 

in November of 2004 after the ratification of the Protocol by Russia which allowed its 

implementation in 2005. 

Offsetting – offsetting carbon emissions. 

Stakeholders – interested, concerned, keen, participants, participating, attendees, contestants. 

Sustainable Fuels – are produced through biological sources, the term includes biofuel and 

all other fuels produced from other alternative sources, including non-biological sources. 

The production consists of mixing kerosene with renewable hydrocarbons. 
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1- Introduction 

The present work focuses on Sustainable Aviation Fuels (SAF) and the willingness to pay (WTP) 

of Portuguese consumers, familiar with the topic, to support the use of this technology in air 

travels.  

Debates about SAF denote some acquired knowledge and environmental concern (McLachlan 

et al., 2018), but is this enough to accept paying more for the use of this technology and is it a 

criterion to be taken into account when choosing the airlines to fly in the near future? Are these 

some of the reasons for the adoption of SAF in the aeronautical industry?  

 

Motivation 

 

The adoption of environmental policies and SAF technology is already a reality, including in 

Portugal (AeroDynamic Advisory, 2023; AirBP, 2025; Airbus, 2025; ATAG, 2025). The public's 

attitude and adherence, in general, to this new technology appears to be favorable (Chin et al., 

2013; Sivashankar et al., 2016). Literature has sought to ascertain consumers’ adherence to SAF, 

to what extent they are willing to pay (WTP) more for aviation travel using these new fuels (SAF) 

(Filimonau et al., 2018). Research findings suggest that individuals would even accept to support 

this pro-environmental initiative if they had more information about the topic. If so, the 

adherence could even be gradual and significant (Filimonau & Hogstrom, 2017).  

The results of previous investigations do not reveal the opinion of those who, given the nature 

of their professional and/or academic activity in the aviation sector, have greater knowledge or 

familiarity with the SAF topic. Therefore, there is a gap in current knowledge regarding support 

for pro-environmental initiatives, such as the use of SAF in air travel, by more informed 

consumers. It is important to observe their ideas and perceptions since they are more 

operational-based, grounded on professional and academic experiences and, as so, more 

realistic or objective, when compared with general public opinions or perceptions.  
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Research questions  

 

To address the gap in knowledge, we formulated the following research question: 

What is the influence of knowledge about SAF on the willingness to pay more for a flight with 

the technology, in professionals and academics in the field of civil aviation in Portugal? 

 

The literature has sought to identify predictors of passengers' WTP for SAF and attitude towards 

pro-environmental initiatives appears to be an important factor (Taylor et al., 2006; Tuck & 

Riley, 2017). On the other hand, more recent studies (Xu et al., 2022; Wendt et al., 2024; de 

Mello, 2024) highlight that knowledge about SAF is associated with perceptions about their 

benefits, risks and existing social trust in relation to the use of these fuels. 

Derived from the general question, we formulated other more specific questions: 

a) To what extent the willingness to pay (WTP) for SAF in air travels is influenced, 

directly and indirectly, by previous Knowledge or familiarity with the technology? 

b) Does attitude towards the use of SAF plays a mediating role in the relationship 

between knowledge and WTP? 

c) What factors influence the relationship between knowledge and attitude? 

 

In order to answer the research questions and based on literature review, we formulated the 

following research hypotheses: 

H1- Knowledge (familiarity with SAF technology) has a direct effect on the willingness to 

pay. 

H2 - Attitude towards SAF predicts the (H2a) Willingness to pay and (H2b) plays a mediating 

role between Knowledge (familiarity with SAF technology) and Willingness to Pay. 

H3 – Knowledge (familiarity with SAF technology) is a predictor of the variables (H3a) 

Perceptions of Risks, (H3b) Benefits, (H3c) Social Trust and (H3d) Attitude towards SAF. 

H4 – Perceptions of Risks (H4a), Benefits (H4b) and Social Trust (H4c) play an antecedent 

role of the variable Attitude in the relationship between Knowledge (familiarity with SAF 

technology) and Willingness to pay, mediated by Attitude. 
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Figure 1 represents graphically the conceptual scheme of study  

 

Figure 1. Conceptual scheme of the study 

Source: author (adapted from XU et al. study,2022) 

 

 

Methodology 

 

To fulfill the research objectives, we designed and implemented a cross-sectional study 

supported by an online survey. The 430 participants were selected through a non probabilistic 

sampling process, the “virtual snowball” (Baltar & Brunet, 2012) aimed at staff aviation groups 

in Facebook and WhatsApp. The final sample included as participants: aviation professionals 

that work in airlines, stakeholders (authority, military, airports, handling, ATC, Manufacturers, 

Air Cargo Air service and others) and people academically related to aviation (students, 

teachers, lecturers and others).  
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Work Structure  

 

This dissertation is organized into seven chapters summarized as follows: 

On Chapter 1, we made the introduction where we reveal some issues we want to study. 

On chapter 2 we present the results of a literature review on Sustained Aviation Fuels (SAF) and 

the public opinion on its use, seeking to highlight aspects related to production and 

consumption of SAF in the world and related to public opinion on the technology. 

On the third chapter, we developed the theme SAF, the relation between the public opinion 

and our study, and describe studies results on the construct ‘willingness to pay’ for air travels 

with sustainable fuels (Chin et al., 2013; Sivanshankar et al., 2016; Filimonau et al., 2018; Rice 

et al., 2020; Xu et al., 2022). 

Chapter 4 intends to describe all the methodological decisions taken to fulfill the study goals 

and answer the research questions. The results of the analyzes are presented in Chapter 5 

where we verify each of the hypotheses tested. Chapter 6 (Discussion) follows, where we seek 

to interpret the results of the study in light of our theoretical framework and analyze its 

contribution to answering the research questions. Finally, we finish our work with chapter 7 

where we present the conclusions of the study and its contributions to the academic and 

professional communities. It is also here that we address the limitations of the study and 

present suggestions for future studies on the same issue. 
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2- Literature Review 

Literature identifies benefits and procedures for pre-selection of Sustainable Aviation Fuels (SAF) 

candidates (Heyne et al., 2021). It also establishes which specific properties need to be identified so 

that early estimates of critical properties can be made for later measurement and recording in order 

to enhance fuel processing and development (Heyne et al, 2021). This specific technical knowledge is 

important to understand the different ways of obtaining SAF and the complexity of variables related 

to their production. 

 Singh and Sharma (2015) reviewed 277 articles (published between 1973 and 2014) on the topic. The 

authors concluded that the information was vast, dispersed, and increasing fast in recent years. It is 

necessary to identify and discuss the perspectives of different authors who have worked on the 

subject, understanding their respective orientations and recent development trends. It is also 

important to articulate the positions of the literature with current data (Liakakou et al., 2021; Patil et 

al., 2021; Yang et al., 2021). For example, a wide range of Airbuses is already flying on SAF including 

the cargo giant Beluga (flying on SAF since 2019), the Airbus A350 ECLIF and the A320 VOLCAN. In 

Portugal, reference companies such as TAP, Air Portugal and SATA Internacional (Azores Airlines) have 

already flown and have some experience (albeit very limited, as both have only made one flight using 

SAF) on the use of these fuels (Airbus, 2024). 

Concepts and themes around SAF imply a necessary interaction with reality, for example, to the 

extent that the entire replenishment structure (storage and distribution), affecting our perception in 

different ways and determining changes in the positioning of companies, individuals and groups in 

the sector. We hope to contribute to current knowledge on the theme of sustainability by revealing 

the perspectives of the target population from this study and SAF. 

Several studies  use the SAF concept to justify many marketing options and investments (Whitmarsh, 

2011; Camarero et al., 2014) but the idea of decarbonization by 2050 (and the difficulties around that) 

appears to be almost a utopic idea and we intend understand why. Perceptions of the academic, the 

public and all the authors is that global warming and climate change have been a subject of academic 

debate for over a century (Cameron et al., 2013). All the recent evidence has supported the relation 

between the increased global warming and all the human activities that have increased since the 

industrial revolution (Stocker et al., 2013). Climate change refers to all the alterations in global climate 

patterns resulting from Global Warming (Joos et al., 2001) and, therefore, the climate change has 

become (for the government policies) a significant driving force, such as the Kyoto Protocol, and has 
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been a topic of discussion for policymakers in G8, at Rio de Janeiro and Copenhagen summits 

(Whitmarsh, 2011) and recently in the G7 annually (Since 2014 the Russia was expelled from G8 after 

Crimea annexation). 

Signed in 1997 and implemented in 2005, The Kyoto Protocol is the only international framework 

aimed at combating climate change. All the countries that have signed the protocol within the United 

Nations Framework Convention on Climate Change have pledged to reduce the emission of carbon 

dioxide (and the five other gases that contribute to the greenhouse effect, too). Countries that were 

unable to achieve this commitment promised to increase their rights through carbon trading (Demir 

& Gozgor, 2018). To mitigate the effects of climate change, efforts should be made to reduce global 

warming. As the increase in greenhouse gases is the main cause of global warming, several countries 

(in Europe, especially) have set stringent carbon reduction targets to reduce greenhouse gas 

emissions (GHG), particularly carbon dioxide emissions, by 80% by 2050 compared to 1990 levels 

(Camarero et al., 2014). 

Research has shown that passengers are generally willing to participate in carbon offset programs if 

they understand the environmental impacts of air travel and if the fees collected are used for 

meaningful environmental initiatives (Filimonau & Hogstrom, 2017; Filimonau et al., 2018; Rice at al., 

2020; Xu et al., 2022). However, limited research has been conducted on passengers´ attitudes 

towards carbon offsetting in the aviation industry (McLachlan et al., 2018). Recently, de Mello (2024) 

study on Voluntary Carbon Offset (VCO), underscores the urgency for a balanced approach, marrying 

individuals’ initiatives and structural reforms to effectively manage VCO programs in aviation and 

yield significant emission reductions.  

The global warming and climate change are significant factors driving the need for carbon offsetting 

in aviation sector (which is responsible for approximately 2% of global greenhouse gas emissions) 

primarily through the release of carbon dioxide, water vapor and nitric acid (IPCC, 2001). Many efforts 

have been made to reduce global warming and to mitigate climate change and have led governments 

to set carbon reduction targets (IPCC, 2001; Sulu, 2023). Carbon offsetting is seen as a tool to help 

the aviation industry to achieve these goals (Sulu, 2023). 

The implementation of carbon offsetting schemes aims to achieve this, such as the Carbon Offsetting 

and Reduction Scheme for International Aviation (CORSIA) by the International Civil Aviation 

Organization (ICAO). CORSIA requires that aircraft operators acquire emissions units to offset their 

emissions above a baseline. The calculation of emissions for offsetting purposes considers factors 
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such as distance, passenger numbers, altitude, cargo loads and travel class. Further research is 

needed to understand passengers´ attitudes towards carbon offsetting and to identify ways to 

improve the success of such programs in the aviation industry and studies like de Mello (2024) about 

the voluntary carbon offset programs in aviation permits to highlight a systemic literature review of 

that. 

The global aviation industry is facing its biggest transformation in decades (Gates, 2021). This 

transformation is quite complex and dependent on all the actors linked to the value chain. Key 

stakeholders will largely determine the speed of the ongoing transformation. Other business models, 

products, processes, skills and technologies will have to be needed to aim for success. Companies in 

the sector should establish concrete, measurable and easily understandable objectives. The Road to 

the Industry's Ultimate Goal climate neutrality by 2050 should be defined with equally clear 

milestones, and therefore that the manager's convenience does not win after the first initial 

successes. There is still little knowledge provided by research on the perceptions and opinions of 

aviation professionals and academics.  

 

2.1. SAF related numbers 

SAF has gained prominence in last ten years as a way to mitigate carbon emissions reductions in the 

airline sector, with several airline companies using SAF (Lufthansa, British Airways, Air France-KLM, 

United Airlines, Delta airlines, etc.). Brar et al. (2024) and Borodin et al. (2023) present updated 

statistical information that is relevant to understand the impact caused by SAF in the aeronautical 

sector. 

The numbers presented on the table 1 highlight the advances related to the challenges of adopting 

SAF on a large scale and the search for a solution to the problems of decarbonization in the airline 

sector. We would like to highlight the 3 main SAF producing countries (group of countries), which 

have been expanding their capabilities in the last decade as global interest in mitigating actions aimed 

at decarbonizing the aviation sector advances (Sustainable Aviation, 2024). 
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Table 1 - SAF Numbers 

Source: Author (Adapted from IATA annual review 2024) 

 

 Past/Present Future 

Cost 2 to 5 times more than Jet Fuel                           Production increases 
Expectations         (price decreases) 

Incentives and 
Investments 

Governments offer incentives to accelerate 

production and use 

Estimate              1,5 trillion dollars  

Investments              (until 2050) 

 

Airlines commitment 

 

Several companies have already committed 

to using SAF (Lufthansa, British Airways, Air 

France-KLM, United Airlines) 

Some companies have set specific 

goals for the future (Delta Airlines) 

        +10% SAF use by 2030 

 

Projected growth 

IATA has established 10% SAF in total 

consumption by 2030 

                            SAF production 
Estimate             grows 85 times 
                                (until 2050) 

 
Production and use 

Global SAF production              450 million 

               (2022)                               (liters) 

SAF = 0,1 % Global Jet fuel consumption 

Estimate       SAF annual production 

 (2050)                5/6 Billion (liters) 

 
Emissions reduction 

                                   reduces GHG   
  SAF                          by up to 80 % 

Depending on the material used in 
the production process (from 50% 

up to 80%) 

Long-term goals NET ZERO                    65% reduction of 
2050 (IATA)                   GHG using SAF 

UE establish goal of 63% SAF use 

by 2050 

 

 

At the moment, global production is still quite small for the needs that lie ahead (compared to 

conventional fuels) but some countries are already standing out as leaders in this emerging industry: 

 

• United States 

- 2022 (production)              +- 170 millions of SAF litters 

- The world's largest producer of SAF, with government incentives and support 

for the development of biofuels. 

- Companies such as NESTE and World Energy are the main producers of SAF in 

the USA, as they invest in new technologies with production from agricultural 

and urban waste. 
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• European Union 

- 2022 (joint production)            +- 200 millions of SAF litters  

- Europe (with Finland, France, Netherlands and Germany in the leadership) has 

produced a lot of SAF: 

- Finland - NESTE produced around 100 million SAF liters (2022) and has 

expansion targets to 1.5 billion liters by 2025. 

- France and Netherlands - Important for production, with refineries 

currently in operation (Total Energies and SKYNRG). 

 

• Brasil 

- 2022 (production)     Still in the experimental phase with already significant 

volumes (confidential information). 

- Country with a lot of potential in the production of SAF given its history in the 

production of Ethanol (biofuels). The use of biomass (agricultural and forestry 

waste) will be an important point to be considered in the production of SAF. 

- The aviation company EMBRAER is actively involved in SAF research and 

development projects (taking advantage of the country's agricultural 

potential). 

 

Other countries are also "participating in the race" for the production and development of SAF 

(the United Kingdom, China, Singapore, Australia, among others) with increasingly significant 

numbers, in rapid expansion, driven by incentive policies and the need to decarbonize the airline 

sector (Sustainable Aviation, 2024). 

 

2.2. Public Opinion on SAF 

In the recent past years, the media has been disseminating information about SAF (Youtube movie, 

Sustainable Aviation Fuel (SAF) - what it is, what it's made from and its many benefits, 2022). This 

information has attracted increasing interest from industry, regulators and public in general due to 

environmental concerns about our planet, particularly as SAFs have a very high potential to reduce 

carbon emissions in the aviation sector (EASA, EEA & EUROCONTROL, 2019). SAFs include a range of 
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alternative fuels, such as vegetable oils and residues, biofuels derived from biomass and synthetic 

fuels produced from captured CO2 and renewable hydrogen (The Royal Society, 2019). 

We cannot say that public opinion on SAF is solid and enlightened, nor that it is informed and 

consensual, largely due to the apparent lack of knowledge on the subject (Radics et al., 2015; Rains 

et al., 2017; McLachlan et al., 2018; Pavlenko et al., 2019; Gates, 2021). However, public opinion has 

become progressively favorable, as awareness of the need to reduce the climate impact of aviation 

increases (IPCC, 2001; Chin et al., 2013; Filimonau and Hogstrom, 2017; Filimonau et al., 2018). 

Nevertheless, concerns related to the economic viability and large-scale production of these fuels are 

still prevalent. Public confidence seems to be strongly linked to government support, the adoption of 

proven effective policies and the well-known visibility of the investments made by airlines and the 

entire aeronautical industry (Demir, 2018; Gates, 2021; Borodin et al., 2023). 

According to The Royal Society (2019), SAF can reduce CO2 emissions by between 65% and 100% 

compared to conventional fossil fuels (Jet Fuel, Kerosene, 100LL, etc.), depending on the entire 

"technological route" followed throughout their production. These concrete figures reinforce the 

more optimistic public opinion that sustainable fuels are one of the ways and main solutions to 

achieve the (utopian?) goal of decarbonization in aviation (Wustenhagen et al., 2007). On the other 

hand, there are criticisms about the environmental and social impact of some sources of biofuels, 

namely competition with agricultural land and the possible impacts that may arise on biodiversity, 

which raises great concerns in the community (Markiewicz et al., 2020). 

The study of Pavlenko et al. (2019), published by the International Council of Clean Transportation 

(ICCT) argues that all sustainable growth of SAF must be guided by rigorous sustainability criteria to 

avoid all these foreseeable adverse impacts. Despite the challenges, SAF are essential for reducing 

emissions in the aviation sector, especially in the short and medium term, while other emerging 

technologies (such as electric and hydrogen aircraft) are still in the early stages of development 

(Hacking et al., 2019; Gates, 2021). According to Camarero et al. (2013) and IATA (2021), the 

widespread adoption of SAF will be an essential and effective step towards achieving the long-term 

emissions reduction targets set out in the Paris Agreement. 

Kousoulidou and Lonza (2016) highlight that the production costs of SAF are significantly higher than 

conventional fossil fuels, which raises several concerns about economic factors and the possibility of 

passing these costs to consumers. A consequence will be higher ticket prices for air travels. Therefore, 

the role that the public opinion plays in the use of SAF or any other technology in aviation cannot be 
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ignored, since it may determine the market acceptance (Wegener & Kelly, 2008). As Berger et al. 

(2022) enhanced, such concern has guided research on the identification of the factors that influence 

consumers´ attitudes towards technology and, mainly, their willingness to pay for an airline ticket 

with SAF. 

Overall, public opinion on aviation SAF tends to be positive, especially among groups concerned with 

climate change and those who support innovative solutions (Chin et al., 2013; Filimonau and 

Hogstrom, 2017; Filimonau et al., 2018). Research has tried to understand the consumers´ adherence 

to technological innovations, with environmental concerns, in the air transportation. However, 

economic and sustainability concerns persists and the widespread lack of awareness on the subject 

among the masses needs to be addressed if solutions as SAF are to be accepted and adopted in the 

near future (Rice et al., 2020). Several sectors of society still identify some benefits, challenges and 

risks in the use of SAF (ATAG, 2021). For example, McLachlan et al. (2018) surveyed 70 consumers to 

determine whether the environmental disclosure levels of six major UK airlines had an impact on their 

ticket purchasing decision. The findings suggested that the main criteria are cost and convenience, 

followed by destinations on offer and departure airports. Additionally, the ticket purchase decisions 

do not appear to be based on environmental (McLachlan et al., 2018). Rice et al. (2020) work 

examined the passengers´ willingness to pay (WTP) to reduce greenhouse gas emissions from 

commercial aircraft. The authors developed two studies involving 1192 participants who were 

presented with hypothetical scenarios about flying in a commercial airplane able to provide a 10-50% 

reduction (in 10% increments) in greenhouse gases. The subjects were then asked to signal to what 

extend they would pay an additional 5%, 10%, or 15% ticket price on short-haul domestic flights (first 

study) and on long-haul international flights (second study). Overall, the results suggested that more 

reductions in greenhouse gases increased the individuals´ willingness to pay the additional ticket price 

but limited in the 15% ticket price condition and for long-haul flights. The authors concluded that 

airlines can expect consumers to accept a small increase in ticket prices if they are convinced that the 

airplane flight emits fewer greenhouse gases. 

Other studies explore the predictive influence of certain factors on the consumers´ WTP more from 

sustainable aviation fuel. Xu et al. (2022) analyzed the relationship between the WTP more for low 

carbon jet fuels (LCJF) and the consumers´ perception and general attitude towards the technology 

in a sample of 1008 UK citizens. The authors performed a logistic regression and confirmed the 

existence of three WTP predictors: social trust, perceived risks and attitude. Despite a positive 
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perception regarding the use of the LCJF, in terms of benefits, the majority of respondents were not 

WTP more for carbon-neutral air travel. 

Studies on consumers´ WTP for carbon offsetting related to flights have focused on travelers and the 

population in general (Berger et al., 2022), but leaving it unclear how familiar the topic is to the 

individuals and how such knowledge influences their motivation to support the use of the technology. 

It seems reasonable to expect that perceptions of the benefits of risks of using SAF in air travel, or 

even general attitudes toward the technology, will vary depending on consumers´ knowledge. This 

variable appears to play an important role in their attitude toward pro-environmental practices. For 

example, AlHaddid et al. (2024), investigated the influence of Knowledge of water sustainability 

(KWS) on the 3 attitudes (reduce, reuse and recycle) on sustainable water practices among women in 

Jordan. Using structural Equation Modelling, the results reveal that KWS plays a pivotal role in driving 

positive influence across the 3 attitudes of (water) sustainability. These insights offer valuable insights 

for policymakers to design context-specific educational programs and cross-sectional collaborations, 

ultimately fostering sustainable practices and contributing to the global effort to address water 

scarcity and environmental degradation. 

Therefore, and considering the influence of knowledge on attitudes toward pro-environmental 

(technological) solutions, it is plausible that a great familiarity of individuals with the topic SAF due 

to, for example, professional experience, is associated with a more consistent opinion on the topic, 

influencing their WTP. The present research intends to complement the existing literature by 

analyzing the WTP for SAF in a sample of professionals and academics from the aviation industry and 

the predictive effect of knowledge 

This study extends previous works on consumer WTP for sustainable fuels in aviation and the factors 

that influence it by focusing on the dispositions of a particular segment of consumers: professionals 

and academics in the field of civil aviation. Given their connection to the aviation industry, it is 

reasonable to expect that aviation professionals and academics have a higher awareness regarding 

the effectiveness of pro-environmental actions, such as the use of SAF, for emissions offsets and, to 

this extent, that they are more empowered as consumers. As enhanced by Manosuthi et al. (2020), 

the effectiveness of pro-environmental initiatives, like the use of SAF, is a fundamental factor for the 

consumers´ decision-making (for example, to pay more for an air travel with SAF).  
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3- Theme Development 

3.1. SAF related numbers 

Sustainable aviation fuel (SAF) is a very attractive option for decarbonization in civil aviation because 

does not require modification of aircraft, their type of engines, or existing refueling infrastructure. 

Nowadays, only small amounts of SAF are produced in appropriate facilities, at a significantly higher 

cost than the so-called normal fuel (Bauen et al., 2020). However, an initiative to promote SAF in the 

UK has led major industry stakeholders to predict that SAF will be an essential transition technology 

to lead to decarbonization of the challenging aviation sector until batteries become relevant to civil 

aviation (Sustainable Aviation, 2024). The use of SAF will require large government financial subsidies 

and will lead to the encouragement of companies and investors in developing SAF (Air BP, 2024). 

Supported by the right policies, the gradual introduction of SAF could reduce UK emissions by up to 

32% (Sustainable Aviation, 2020). A model designed by Bauen et al. (2020) also points to the great 

potential of SAF. Their analysis estimates that SAF will contribute in the order of 4-8% of global jet 

fuel use by 2035, and almost a third of the UK's fuel needs by 2050.  

There are authors who assume that both solid conversion technology and liquid waste, as well as the 

harnessing of waste gases from industry, will contribute to SAF by 2035, while from then on it should 

be carbon capture and algae technologies that will take over (Muldoon & Harvey, 2020). During this 

period at the International Air Transport Association(IATA) annual meeting, all major underwriting 

airlines have agreed on the target to achieve net-zero carbon emissions by 2050 (IATA, 2021).  

About 300 airlines are part of this association, covering more than 94% of international air transport 

(IATA, 2024). This can already be considered a major milestone with great importance. On the other 

hand, Chinese airlines also discovered this situation and ambition and sought to push the target year 

into the following decade, to 2060  (Petchenik, 2021).  It is anticipated that SAF are expected to fuel 

most of the global emissions mitigation by aviation by that date (IATA, 2021).  

From 2025, the plan foresees that the SAF should represent almost 2% (8 billion liters) of the total 

fuel needs, and by 2050, the participation of the SAF will be of the order of 65% (450 billion liters). 

However, all the necessary transformation in the industry will require large investments and can only 

be successful through great collaborative action. In this way, governments need to strongly support 

the industry as it explores the most promising technology to achieve the goals of the Paris Climate 

Accords (Katz-Rosene & Ambe-Uva, 2023). 
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Going a little early in time (making an analepsis here), the relationship between the evolution of rising 

carbon emissions and global average temperature is a major concern for all scientists and people who 

have this perception and several actions will have to be taken to stop this notorious and worrying 

increase. By analyzing the values of carbon emissions, we can see a growing increase between 1850 

and 2018, mainly due to industrial processes and the increase in the burning of fossil fuels. We can 

also see that the increase in CO2 emissions is accompanied by an increase in the global average 

temperature. 

The possible scenarios of the evolution of world temperature depends on many things. It is necessary 

to take into account that emissions do not evolve in the same way in the various regions of the globe, 

with some evolving more rapidly and drastically in certain areas, compared to others showing a longer 

increase, derived from the way in which economic development (hence industry and aviation) is 

expanding in these areas. 

After a more careful analysis of the real influence of pollutant emissions from the entire global 

industry, and their impact in environmental terms, it is necessary to address how commercial aviation 

interferes with these factors. The aeronautical sector drives economic growth, mobilizes people and 

goods at a very fast pace. The main air pollutants emitted by the continuous operation of aircraft 

engines are carbon dioxide (CO2), water vapor, nitrogen oxides (NOx), Sulphur oxides (SOx), 

unburned hydrocarbons (HC), carbon monoxide (CO) and various other particles (EASA et al., 2019). 

Thus, in order to achieve neutrality in the air transport sector, it is essential that the industry works 

in synergy with the various governments in order to ensure that the correct and adequate 

investments are made and that all sustained regulations are complied with (EUROCONTROL, 2022). 

We can analyze (next page, figure 2) the emissions from a twin-engine aircraft operating 1 hour flight 

with about 150 passengers and see all the components that are expelled to the air.  
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According to EUROCONTROL (2022), carbon neutrality can be achieved by eliminating 279 million 

tons of CO2 through: 

• (17%) enhancing efficiency in conventional aircraft; 

• (2%) use of hybrid and hydrogen aircraft; 

• (8%) improvements in Air Traffic Management (ATM) and in the adequacy of air operations; 

• (41%) use of sustainable aviation fuels; 

•  (32%) other type of measures. 

 

Although SAF are the biggest contributor (41%) to the goal of achieving neutrality by 2050, the various 

market-based measures (32%) also play a key role. All these measures make it possible to correct the 

emissions that persist in existence after aviation has space to apply those measures to reduce carbon 

emissions that the various authorities impose. 

All the progress made since 1990 to date, and the ways forward, taking into account the possible and 

desirable implementation of emission reduction measures, to reach the target by 2050. Making a 

quick analysis, we can mention that the large volume of emissions that has been possible to avoid 

since 1990 to date, is due various measures for sustainable development. It is also possible to 

establish a comparison of the evolution if today the same technologies were still used as in 1990. 

It was in 2016 that ICAO presented the CORSIA program, which is based on the reduction and offset 

of carbon levels on international flights in order to minimize the notorious environmental impact of 

Figure 2 - Emissions from a twin-engine aircraft operating 1 hour flight with about 150 passengers. 

Source: (European Aviation Safety Agency, 2019) 
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aviation. Offsetting is the process by which a company (or organization) offsets the amount of its 

carbon emissions by purchasing credit on the carbon market. These credits were created through 

projects that allow the reduction of carbon emissions in various parts of the world. Taking into 

account the notorious differences between the different countries, the CORSIA program has been 

designed so that the implementation is carried out in sequential phases. Framing so many studies and 

considerations (EUROCONTROL, 2022), it is time to move forward and frame the SAF in this 

operational desiderium, using some of the approach that the literature review allows.  

The effect of the COVID-19 pandemic during the year 2020 is notorious, with a noticeable drop in 

total emissions as air travel has come to a standstill. This is followed by a considerable recovery of 

the sector with the lifting of the safety measures of the pandemic. 

According to ATAG (2021), SAF are necessary and essential to provide a clean energy source for all 

fleets of aircraft used in air and cargo transport worldwide, thus allowing to reduce all the 

environmental impact caused by the millions of passengers and cargo transported every year. SAF 

are produced through biological sources (materials from plants or animals). SAF terminology includes 

biofuel and all other fuels produced from various alternative sources, including non-biological 

sources. The production consists mainly of the mixture of kerosene with renewable hydrocarbons 

(Jet-A1). In this way, this alternative can be used in the whole range of aircraft without the need for 

technical modifications to them or to the various airport infrastructures. 

Several development factors have been considered, and projections show that by 2050 aviation will 

need a fairly high number of about 450-500 million tons of SAF per year. We can say that the revised 

figures suggest that this situation may be achievable using strict sustainability criteria (ATAG, 2021). 

We could assess that the diffusion of SAF will be progressive, together with electrification and 

hydrogen, until the goal is reached by commercial aviation (but we would be leaving the scope of this 

thesis and we will not do so). Some visions (AeroDynamic Advisory, 2023) are a little bit more 

conservative and project the SAF needs by 2050 in a more realistic way as shown in figure 3 (next 

page). 
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Figure 3 - Global Vision 2050 

Source: AeroDynamic advisory (AED days 2023 – Portugal) 

 

 

 

The future growing necessity of SAF in the markets must have to be accomplished by the 

investment on the infrastructures and production in the present (AeroDynamic Advisory, 2023). 

 

3.2. Public Opinion on SAF 

In the business world knowing public opinion is essential to (Chong, D., & Druckman, J. N., 2007): 

- Lead to consumer acceptance (shaping marketing and communication strategies). 

- Promote innovation and development of strategic areas. 

- Enhance and plan investments and partnerships. 

- Influence government policies to exert some regulatory and political pressure. 

- To help companies to position themselves with regard to their social responsibility. 

 

Airlines are particularly vulnerable to public opinion (Hamelinck et al, 2013), and must be cautious in 

adopting large-scale innovations (Filimonau et al., 2018). SAF is a relatively recent technology, 
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although rapidly developing, and the speed of its implementation and dissemination in the market 

will depend on the level of knowledge and confidence that the public has about it (Chin et al., 2013; 

McLachlan et al., 2018). Being aware of the public perception of SAF is an extremely important factor 

to align strategies, promote acceptance and drive positive changes in the aviation industry. The 

studies of Filimonau and Högström (2017), and Filimonau et al. (2018) investigated the social 

acceptance of the use of SAF. Both studies gathered data through a questionnaire and measured the 

participants Knowledge, Perceptions and Attitude towards SAF in aviation. Filimonau  and Högström 

(2017) found in public (UK) understanding of sustainable liquid (bio)fuels in aviation. Similarly, 

Filimonau et al. (2018) echoed that there is limited understanding of sustainable aviation fuel 

technology, in addition to public (from Poland) safety concerns about its use. They also noted public 

distrust of institutions at national level (both) and, as a consequence, called for the development of 

awareness-raising campaigns to address this question. However, these two studies did not examine 

customers WTP for SAF use in commercial aviation. We can assess that being aware of the public 

perception of SAF is an extremely important factor to align strategies, promote acceptance and drive 

positive changes in the aviation industry.  

 

3.2.1. Willingness to pay (WTP) more for an air travel with SAF 

The willingness to pay more for air travel (WTP) refers to the extra value consumers are willing to 

bear for a product or service – in this case, air travel that uses SAF. This idea of WTP for environmental 

benefits was developed in the latest years of twenty century (1990s) by environmental economists 

using some contingent valuation methods trying to understand how much people would accept and 

pay for reducing air pollution, for cleaner air and to preserve the ecosystems (Knetsch, 1990; 

Hanemann, 1991). It reflects the real perceived value that has an impact on the environmental and 

sustainability benefits of air travel. The concept of WTP has its roots in economics, particularly in 

studies of consumer behavior and environmental economics. Researchers in broad fields such as 

environmental science, economics, and marketing have explored in different ways and with different 

approaches how consumers value sustainability and a large number of studies has been conducted 

in an effort to measure people´s willingness to offset flight-related carbon emissions (Berger et al., 

2022). 

Rice et al. (2019, p.1) enhanced the need for more research on consumer WTP for new sustainable 

aviation projects and in particular its relationship with sustainability benefits. The authors affirmed, 
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“Airlines can expect consumers to accept a small increase in ticket prices if they are convicted that 

the airplane flight emits fewer greenhouse gases”. 

Several studies have evaluated WTP for SAF (Sivashankar et al., 2016; Rice et al., 2020; Xu et al., 2022) 

using surveys choice experiments and contingent evaluation methods to collect data. Participants are 

asked how much extra they would be WTP for flights using SAF compared to conventional fuels. 

These studies (Sivashankar et al., 2016; Rice et al., 2020; Xu et al., 2022) results suggest that a 

significant portion of travelers is willing to pay more for sustainable options.  

There are studies (e.g. Sivashankar et al., 2016; Rice et al., 2020; Xu et al., 2022) reporting that 

consumers may be WTP between 5% and 20% more for flights using SAF, depending on demographic 

characteristics (nationality, age or level of education, for example) and contextual influences (gender 

or ticket price, for example). The difference under analysis is usually the difference between the WTP 

expressed by consumers and the actual market price of air travel with SAF. While studies report 

travelers´ WTP more, the actual adoption of SAF in the market is quite limited due to high production 

costs, infrastructure challenges, and widespread lack of availability (Chin et al., 2013; Filimonau et al., 

2018). This discrepancy suggests the need to increase awareness, and potential subsidies or 

incentives to fill the gap. The study of Berger et al. (2022) presents as central finding that passengers 

are largely unwilling to offset their flights, in contrast to studies (e.g. Filimonau & Hogstrom, 2017; 

Wendt et al., 2024) that rely on hypothetical behavior. 

The present study aims to analyze more deeply this perception of public opinion (unwilling to offset 

and pay) and assess the WTP in a group of individuals more familiarized with the topic “SAF in 

aviation”. 

  

3.2.2. Predictors of WTP 

Due to its recognized importance in the context of commercial aviation, research has sought to 

identify predictors of passengers´ WTP for SAF. One of the main theoretical backgrounds for 

predicting WTP is the theory of reasonable action (initially proposed by Martin Fishbein in early 1960 

and 1970 and later on developed by Icek Ajzen), which is used to connect factors such as awareness 

and attitude toward the pro-environmental initiative (Taylor et al., 2006; Tuck & Riley, 2017). 

According to this theory, a person´s intention to perform a behavior is the best predictor of a behavior 

(especially if socially relevant as the support of emission offsets). In turn, intentions are influenced by 

the attitudes towards the behavior (i.e. evaluation or appraisals) and/or subjective norms (i.e. 

perceived expectations from others). In sum, individuals will have strong intentions to paying more 
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for an air travel with SAF if they evaluate it positively (for example, with higher benefits and lower 

risks) and/or if they believe that others think they should do it. Research have already suggested that 

individuals´ beliefs and attitudes about environmental issues can predict their WTP to offset 

emissions from their air travel (Wendt et al., 2024). The meta-analysis of Wendt et al. (2024) analyzed 

and compared 31 published studies (from 2008 to 2022) looking for the factors that influence the 

consumers´ WTP for emission reduction in air travel. The authors found evidences on a set of variables 

such as environmental knowledge and attitude, among others. However, these findings came from 

samples that involved the general population, less knowledgeable on the specific characteristics of 

SAF than professionals and academics in the aviation area. 

To the best of our knowledge, the influence on the WTP of factors as the knowledge on SAF, the 

perceived risks, benefits, social trust and the general attitude towards SAF hasn´t been mainly tested 

in individuals familiarized, from an academic and professional point of view, with the topic. Through 

the present study, we intend to fill the gap and verify to what extent (more) informed consumers on 

the topic SAF are willing to pay more for an air travel with this technology. 

 

3.2.2.1. Knowledge  

The knowledge about a new technological advancement and the advantages it provides influence the 

consumers´ purchasing decisions (e.g. Wegener & Kelly, 2008). Knowledge is a recognized predictor 

of WTP more for sustainable fuels in air travels (Lu & Shon, 2012). In our study, we use the knowledge 

or the familiarity of individuals with the subject as a predictor of perceived benefits and risks and 

social trust regarding the use of SAF in air travels.  Individual perceptions about the performance of a 

product (for example, about the use of SAF in air travel), its effectiveness and credibility, influence 

the appreciation of it (Demirgüneş, 2015).  

This seems to be especially true in the cases of environmental goods and consumers’ involvement in 

pro-environmental actions (such as, for example, paying more for air travel with SAF) (Sharma et al., 

2021). The familiarity with the technology (knowledge) is well explored as background to research on 

both studies, especially with considerable variation in reported WTP values (Sharma et al., 2021; 

Wendt et al., 2024). 

AlHaddid et al. (2024) explored the role of knowledge in pro environmental actions in a study 

developed outside the air transportation area. The authors found that Knowledge of Water 

Sustainability (KWS) played a pivotal role in driving positive influence across the three attitudes 

toward water sustainability practices.  
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Environmental knowledge, defined as understanding facts, concepts, and relationships related to the 

natural environmental and its ecosystems, is a cornerstone for fostering sustainable water practices 

(Rausch and Koplin, 2022; AlHaddid et al., 2024). Several studies have enhanced the role of 

environmental knowledge in steering environmentally sustainable consumption behaviors and with 

individuals with a more profound comprehension of environmental issues. These individuals exhibit 

a heightened sense of responsibility towards the environment and sustainable development (Kumar 

et al., 2017; AlHaddid et al., 2024).  Wendt et al. (2024) qualitative review found that WTP could be 

more than double for a credible offsetting scheme compared to one lacking credibility. 

 

3.2.2.2. Social Trust 

The social trust construct concerns the public confidence in relevant institutions as policymakers, 

scientific community, and LCJF producers, keys players that have the legitimacy and power to shape 

the public perspectives on SAFs (Xu et al., 2022). Similar patterns of social trust may be an alarming 

situation (Longstaff et al., 2015; Xu et al., 2022) because it suggests that most consumers felt left out 

in decisions on low carbon fuel. In Berger et al. (2022) study, the social trust on offsetting schemes 

shows that may be ineffective.  Pro-environmental behavioral measures are high in Europe, but cost-

benefit actions for the environment are very low in the sample and passengers are largely unwilling 

to offset their flights (Berger et al., 2022).  

Social trust and acceptance are important in promoting the adoption of SAF in the aviation industry. 

Higher levels of trust can lead to a greater willingness of the consumer to pay extra for sustainable 

options and to support initiatives in the sector (de Mello, 2024). Building and maintaining social trust 

through transparency, effective communication and responsible practices is imperative for the 

successful implementation of SAF. Chin et al. (2013) and Xu et al. (2022) verified the role of social 

trust as a predictor of costumer’s WTP. The first describes a reality in Malaysia that is different from 

previous studies, because alongside with implementing biofuel for domestic usage, the country is 

facing an acceptance issue since it is a biofuel producer country. A different reality is presented in 

Filimonau et al. (2018) and Xu et al. (2022) who analyzed the predictor role of social trust as did. Both 

studies found a low level of trust in government decision related with SAF. 
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3.2.2.3. Perceived Risks   

The public's perception of the risks associated with SAF in aviation seems to be influenced by a 

combination of awareness, misinformation and individual values (Xu et al., 2022). On Xu et al. (2022) 

study, the consumers showed an apprehensive state about the SAF use because they believed it will 

protect the environment but its production may harm the environment (in terms of soil and water 

pollution) by the increased competition for agricultural land. It is necessary to understand the several 

risks relating to availability, production and safety of SAF. The biggest of such concerns was the lack 

of SAF availability (Xu et al., 2022). On Filimonau et al. (2018) study they investigated the SAF safety 

issue from a non-technical perspective, but it seems unnecessary because all SAF must be 

internationally certified before they can be used in aviation (Xu et al., 2022). 

 

3.2.2.4. Perceived benefits  

The public recognition of perceived benefits of using SAF is increasing due to a growing awareness of 

environmental issues and the desire for sustainable travel options (Xu et al., 2022; de Mello, 2024; 

Wendt et al., 2024). On road transport studies (Longstaff et al., 2015) and other aviation studies (Gegg 

et al., 2015; Xu et al., 2022), the perceived benefits construct has already been explored. These 

benefits include emissions reduction potential, fuel diversification, and supply security in addition to 

enhanced regional/rural development (Xu et al., 2022). However, the authors identified a lack of 

understanding and awareness of the SAF characteristics that would achieve emission reduction, and 

this further strengthens the notion that SAF use in aviation needs promotion (Xu et al., 2022).  

 

3.2.2.5. Attitude toward SAF  

It regards the usefulness attributed to sustainable fuels (Filimonau & Högström, 2017; Kantenbacher 

et al., 2018). The attitude towards SAF is influenced by the knowledge about the technology and 

interacts with a number of other factors, such as price, personal values, social influences, and 

economic conditions (Chin et al., 2013). We intend to identify if attitude towards SAF performs a 

mediating role between the familiarity with SAFs and the WTP more for an air travel with the 

technology in a group of professionals and academics of the aviation sector, more familiarized with 

the topic than the general public. Wendt et al. (2024) meta-analysis identified studies that establish 

a link between attitudes and the consumers’ WTP for emission reduction in air travel. The literature 

review suggests that public attitudes to biofuels and their use in aviation should be better understood 

(Filimonau & Hogstrom, 2017).  
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Rice et al. (2020) suggest that airlines can expect consumers to accept a small increase in ticket prices 

if they are convicted that the airplane flight emits fewer greenhouse gases. Berger et al. (2022) central 

finding is that passengers are largely unwilling to offset their flights, in contrast with studies that rely 

on hypothetical behavior. In a recent study, Wendt et al. (2024) found that individuals´ beliefs and 

attitudes about environmental issues can predict their WTP to offset their air travel emissions. 

On our study we intend to analyze that (based on literature review) to answer our research question:  

What is the influence of knowledge about SAF on the willingness to pay more for a flight with 

the technology, in professionals and academics in the field of civil aviation in Portugal? 

Derived from this general question, other more specific questions were formulated: 

- To what extent the willingness to pay (WTP) for SAF in air travels is influenced, directly and 

indirectly, by previous Knowledge or familiarity with the technology? 

- Does attitude towards the use of SAF plays a mediating role in the relationship between 

knowledge and WTP? 

- What factors influence the relationship between knowledge and attitude? 
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4- Methodology 

To test our research hypothesis and the conceptual model, we designed and implemented a 

quantitative descriptive-correlational study with a cross-sectional design supported by a survey with 

an online questionnaire.  

 

4.1. Research approach and study design 

The descriptive-correlational quantitative method is a common option in studies that analyze 

consumers and industry perceptions of SAF. For example: studies on energy efficiency and reduction 

of environmental impacts (De Mello, 2024); analysis of acceptance and commercial viability of SAF 

(Berger et al., 2022); economic costs and operational efficiency of SAF (McLachlan et al., 2018); and 

studies aimed to analyze of the impact of SAF on reducing carbon emissions (Xu et al., 2022). There 

are reasons for the popularity of the descriptive-correlational quantitative methods.  They provide 

broad and detailed descriptions and practical usefulness, a basis for possible subsequent studies, and 

for forecasting models. If their relationships are sufficiently strong and consistent, they can be used 

to predict trends or behaviors in similar populations (Wendt et al., 2024). 

The cross-sectional design is a type of observational research "design" that collects data at a given 

point in time providing an immediate "portrait" of a certain situation (Sivashankar et aI., 2016; Berger 

et al., 2022). It appeared to be the most appropriate to the present study due to its characteristics, 

namely its practicality and speed, its feasibility in limited resources (it is efficient), and its suitability 

for determining the prevalence of conditions or behaviors in a given population (de Mello, 2024; 

Wendt et al., 2024). 

 

4.2. Participants  

The target population of the present study were the professionals and academics of the aviation area 

living in Portugal. Other criteria were defined for participation in the study, such as being over 18 

years old, being familiar with the SAF topic and completing the questionnaire until the end. To verify 

compliance with the criteria, we incorporated selection items in the questionnaire, in the 

sociodemographic variables section (annex 1).  

The initial sample had 711 responses: 667 individuals (93,8%) professionally and/or academically 

related with aviation. The remaining 44 (6,2%) respondents were not related to aviation, so they were 
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excluded from the survey. Then, we also excluded the respondents who did not complete the 

questionnaire, those who never heard about SAF and those who lived outside Portugal. Therefore, 

we obtained a viable and convenience sample of 430 participants.  

The main context of participants relationship with aviation was 375 (73%) that work at airlines, and 

the professional area of 322 (75,3%) were the Operational sector. Almost half of the participants, 229 

(53,3%) said that are not academically related to aviation (only professionally), so we have a huge 

participation of people academically related with aviation. The number of males that participate were 

362 (84,4%) and the females were 68 (14,8%) and there were 4 non-responses in the socio 

demographic section. Most of the participants (n=291, 67,9%) had a higher educational degree (post-

graduation, bachelor or Master degree of education).  

 

4.3. Data collection  

To collect the data, we built a questionnaire using the app Google Forms. According to Silverman and 

Patterson (2014), the best way to obtain data within an already specialized industry niche is to 

question experts which can be done through interviews or targeted questionnaires.  

 

4.3.1. Measures 

• As previous studies on the consumers´ Willingness to pay (WTP) (e.g. Sivashankar et al., 2016; 

Rice et al., 2020; Xu et al., 2022; Berger et al., 2022; Wendt et al., 2024), we used perception 

as a construct to understand the influences on the participants’ disposition to support SAF. To 

measure the constructs under study, with the exception of ‘participant’s knowledge or 

familiarity with the topic SAF’ we followed Xu et al. (2022) and used the same  5 points (1 – 

totally disagree, 5 – totally agree) Lickert-type scales which are widely used and recommended 

in exploratory studies (Filimonau et al., 2018): 

• About ‘Willingness to Pay’ (WTP), in the present study, we assumed Rains et al (2017) 

definition of WTP which is “the additional cost consumers are willing to bear for tickets on 

flights powered by SAF, reflecting their valuation of the environmental and sustainability 

benefits”.  To measure the WTP variable, we used a scale with 3 items. An item sample is ‘I 

would be willing to pay a higher ticket price for my flights using SAF’. The scale had a reliability 

(alpha of Cronbach) of .88 in Xu et al. (2022).  
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• To measure ‘Perceived Risks’ (PR), ‘Perceived Benefits’ (PV), ‘Attitude’(At), and ‘Social Trust’ 

(ST) (respectively, α=.75, α=.88, α=.77 and α=.72 in Xu et al. (2022) study),  we used scales 

with 5 items. Sample items are, respectively: ‘SAF poses a safety concern’; ‘Investments in SAF 

will benefit both the economy and the society’, ‘I believe is a good idea to use SAF for flights’; 

‘The scientific community is doing a good job for the society by developing SAF’. 

• ‘Social trust’ or the confidence in institutions (e.g., academic, government, and industry) 

(Filimonau et al., 2018; McLachlan et al., 2018) was measured with 3 items (α=.72). A sample 

item is ‘The scientific community is doing a good job for the society by developing SAF’.  

• Participants’ familiarity with the subject SAF was first identified by a filter item: ‘Have you ever 

heard about SAF?’ Only an affirmative (yes) answer would allow the individuals to proceed in 

the questionnaire. To measure the variable ‘Knowledge or familiarity with SAF’ and based in 

IATA (2024) survey, we built a scale with four items, one with reversed score (INV): 

1) The most strategic topic to the airlines management is sustainability,  

2) Economic efficiency and sustainability are contradictory in terms (INV), 

3) Carbon neutrality is a realistic issue in aviation,  

4) SAF is a bridging technology until hydrogen and electric aircraft become more viable. 

• The variable “Attitude”, or the public’s opinion regarding the usefulness of SAF, was measured 

by 5 items (α= .77).  A sample is “I believe it is a good idea to use SAF for flights”. 

 

4.3.2. Procedures 

To distribute the questionnaire and collect the data, we adopted the “virtual snowball sampling”, a 

non-probabilistic sampling method especially useful to gather research subjects from hard-to-reach 

populations (Baltar and Brunet, 2012): in a digital environment, one subject gives to researcher the 

contact of another subject, which in turn provides the name of a third, and so on. 

We started to contact the researchers´connections in social networks (Linkedin, Whatsapp and 

Facebook) dedicated to aviation and invited them to participate in the study by answering the 

questionnaire and send it to their own contacts. To facilitate the dissemination of the questionnaire 

and the adherence of individuals, we wrote the questionnaire in English, commonly spoken in the 

aviation industry. 
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4.4. Data analysis 

All the analysis were performed with IBM-SPSS Statistics (v.27). The hypotheses and research 

questions were tested with the macro “PROCESS”, a modelling tool particularly useful to estimate 

direct and indirect pathways through which an antecedent variable X is related to a consequent 

variable y.  

We performed a preliminary examination of the database to identify missing data, outliners and to 

assess the presence of normality in the variables distribution. For that purpose, we produced 

histograms, plots, and a descriptive analysis (Annexes 3, 4 and 5). Additionally, to a univariate 

profiling, we also examined the relationship between variables and examined group differences.  

To analyze the variables internal consistency, we calculate alpha of Cronbach. The item of the Attitude 

scale “I dislike the idea of using SAF for flights” was removed from all analyzes as it was found that its 

elimination considerably increased the alpha of Cronbach.  

Since the present study involves a single measure, we decided to access the presence of the common 

method variance (CMV) bias. CMV occurs when responses vary in systematically way due the use of 

a common scaling approach on measures, which derives from a single data source. The bias happens 

when the so-called method causes large distortions and divergences between true and observed 

relationships, for example, by deflating or inflating correlations leading researchers to believe that 

relationships exist (error type I) (Fuller et al., 2016). To obtain a basic assessment of the common 

method bias, we conducted the Harmans´ One-Factor test and performed an exploratory factor 

analysis and found a total variance extracted by one factor of 29,67% (table 4), which less is than the 

recommended threshold of 50% (Fuller et al., 2016) suggesting that common method bias is not a 

problem in our study. 

To test the hypothesis in PROCESS macro, we customized a one serial-parallel multiple mediator 

model. The dependent variable (WTP) was regressed on the independent variable (Knowledge) and 

the mediators (Perceived Risks, Perceived Benefits, Social Trust and Attitude). The analyses were run 

with 5000 bootstrap samples.  

The summary statistics are presented in table 4 (next chapter). The regression coefficients reported 

both in figure 4 and table 4 are unstandardized (see results in next chapter). 
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5- Results 

In this section we present the results of the performed analyzes. After the descriptive results, and to 

facilitate reading and interpretation, we organized the presentation of results by research 

hypotheses. 

 

5.1. Descriptives  

Table 2 presents the descriptive measures of each variable. All the variables, with the exception of 

perceived risks, have significant (p<.01) and positive correlations with each other. The reliability 

scores were quite acceptable, as they ranged between .72 and .88 (Cronbach's alpha), with the 

exception of the ‘Perceived Risks’ scale (α = .64). 

 

 

 

 

5.2. Hypothesis testing results 

Figure 4 (next page) presents the study statistical diagram with the results of the hypothesis testing.  

Table 2 - Means, standard-deviations, correlations and reliability 

Source: Author (see annex 3, 4 and 5) 
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Note. * p <.05; ** p < .001; ( ) = standard error; direct effects of X and M’s: a1, a2, a3, a4, d41, d42, d43, b1, c’; indirect 

effects X->Y trough M1, M2, M3, M4: ind1, ind2, ind3, ind4. 

The table 3 (below) shows the direct and indirect effects of Knowledge on Willingness to pay, a 

resume of the table 4 and the annexes 3, 4 and 5 with the standard error, the lower level, upper level 

and confidence interval. 

Table 3 – Direct and indirect effects of Knowledge on Willingness to pay 

Source: author 2024 

Variables b SE t p 

Direct effects     

Knowledge -> WTP .161 .104 1.537 .126 

Knowledge -> Perceived benefits .269 .042 6.367 < .001 

Knowledge -> Perceived risks .043 .054 .786 .433 

Knowledge -> Social trust .138 .040 3.439 < .001 

Knowledge -> Attitude .081 .042 1.870 .060 

Indirect effects b SE LL CI UL CI 

Knowledge-> Attitude -> WTP [ind1]    .073 .040 -.004 .158 

Knowledge-> Risks -> Attitude -> WTP [ind2] .004 .006 -.007 .019 

Knowledge-> Benefits -> Attitude -> WTP [ind. 3] .115 .031 .062 .183 

Knowledge-> Social Trust -> Attitude -> WTP [ind.4] .019 .011 .002 .045 

Total indirect effects .210 .053 .114 .321 

Note. SE: standard error; LL: lower level; UL: upper level; CI: confidence interval 

Figure 4 - Statistical diagram of the serial multiple mediators models the knowledge influence on the willingness to pay 

Source: author 2024 
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5.2.1. The direct influences of Knowledge on SAF 

According to our conceptual model, Knowledge on SAF exerts a direct effect on the variables 

‘Perceptions of Risks’, ‘Perception of Benefits’, ‘Social Trust’, ‘Attitude’ and ‘Willingness to pay’. The 

results found support for the hypothesized relationships between (H3c) Knowledge and Perceptions 

of Benefits (b=.269, SE=.042, t=6.367, p<.001) and Knowledge (H3d) and Social trust (b=.138, SE=.040, 

t=3.439, p<.001). However, the direct effects of Knowledge on the variables ‘Perceptions of Risks’ 

(b=.043, SE=.054, t=.786, p=.433) and ‘Willingness to pay’ (b=.908, SE=.139, t=6.521, p<.001) for SAF 

were not statistical significant. The influence of Knowledge on the ‘Attitude’ is not significant (b=.081, 

SE=.042, t=1.87, p=.060). Therefore, the results support the hypotheses H3b and H3c, but not 

hypotheses H3a, H3d and H1. By itself, Knowledge explains 14,4% of the Perceived benefits variance 

(F(1,242) = 40,54, p<.001) and 5% of Social Trust variance (F(1,242) = 11,83, p<.001). 

Next, we show a few figures (Figure 5,6,7,8,9 and 10) that support or study and could be more deeply 

analyzed on annexes 3,4 and 5.  

 

Figure 5 – Reliability Knowledge (see Annex 3 with IBM-SPSS information) 

Source: author 2024 
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Figure 6 – Graphic Q-Q Normal of Perceived Risks (See Anexx 3 with IBM-SPSS information) 

Source: author 2024 

 

 

 

Figure 7 – Graphic Q-Q Normal of Perceived Benefits (See Anexx 3 with IBM-SPSS information) 

Source: author 2024 
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Figure 8 – Graphic Q-Q Normal Social Trust (See Anexx 3 with IBM-SPSS information) 

Source: author 2024 

 

Figure 9 – Graphic Q-Q Normal Attitude (See Anexx 3 with IBM-SPSS information) 

Source: author 2024 
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To better understand all this technical information about the direct influences of Knowledge on SAF 

Willingness to pay we show figure 11 (next page) that are a resume of all this information (Power 

Point Presentation summary of the study presentation). 

 

 

 

 

 

 

 

 

Figure 10 – Reliability Willingness to pay (see Annex 3 with IBM-SPSS information) 

Source: author 2024 
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Figure 11 – Direct influences of Knowledge on SAF Willingness to pay (Power Point presentation) 

Source: author 2024 
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5.2.2. The mediating influence of Attitude towards SAF in the relationship between Knowledge 

and Willingness to pay. 

In our tested model, Knowledge, Perceived Risks, Perceived Benefits and Social Trust directly 

influence Attitude towards SAF. These assumptions were partially supported by the results since only 

the last two were found to have significant relationships with Attitude, respectively, b=.469, SE=.065, 

t=7.191, p<.001 and b=.1510, SE=.069, t=2.191, p<.05. 

Overall, these direct effects explain 34% (F(1,242) =32.29, p<.001) of the Attitude variance (table 5). In 

sum, we found support for H4b and H4c, but not for H4a. 

We hypothesized (H2a) that Attitude has a predictive influence on Willingness to pay (WTP) and plays 

a mediating role in the relationship (H2b) between Knowledge and WTP. Again, our results partially 

support these assumptions since the influence of Attitude on the variable WTP was found to be 

significant (b=.908, SE=.139, t=6.521, p<.001) but the mediating effect of Attitude was not confirmed 

(b=073, SE=.041, 95% Boot CI [-.000, .158]). Therefore, the results support H2a but not H2b. Together, 

Knowledge and Attitude explains 19% of the variable WTP variance (F(1,242=28.27, p<.001). 

To better understand all this technical information about the mediating influence of attitude towards 

SAF in the relationship between Knowledge and WTP we show figure 12 (next page) that are a resume 

of all this information (Power Point Presentation summary of the study presentation). 
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Figure 12 – The mediating influence of attitude towards SAF in the relationship between Knowledge 
and WTP (Power Point presentation) 

Source: author 2024 
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5.2.3. The indirect influence of Knowledge on Willingness to pay. 

The total indirect effect of Knowledge on SAF on the Willingness to pay (WTP) was found to be 

statistically significant (b=.210, SE=.053, 95% BootCI[-.115, -.322]). We predicted that Knowledge 

would influence the subjects’ Attitude, motivating them to pay more for air travelling with SAF. In our 

results, we found evidence for the indirect effects of Knowledge through the Perception of benefits 

(b=.032, SE=.023, 95% BootCI[-.038, .104]) and Social trust (b=.003, SE=.004) 95% BootCI[-.000, .026]), 

but not through Perception of Risks (b=.003, SE=.004, 95% BootCI[-.004, .011]), and Attitude (as 

presented above). Therefore, the results support H4b and H4c, but not H4a. 

To access the difference between specific indirect effects, we test the hypothesis that the two 

significant indirect effects were equal in size. For that purpose, all possible pairwise comparisons were 

calculated through contrast option of PROCESS. The results showed three paths statistically different: 

 C1 (ind1-ind2), b=.040, SE=.022, 95% BootCI[-.000, .088] 

 C4 (ind2-ind3), b=.065, SE=.017, 95% BootCI[-.101, .033] 

 C6 (ind3-ind4), b=.056, SE=.018, 95% BootCI[-.024, .096] 

 
We can measure it through the analysis of table 3 and 4. 

The table 4 (next page) shows the regression coefficients, Standard errors, and model summary 

information for the Knowledge influence parallel-serial multiple mediator model, and is made from 

all the information that the IBM-SPSS provide (see Anexx 3, 4 and 5 for specific information related).  
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  Consequent 

  (M1) Risks  (M2) Benefits  (M3) Soc. trust  (M4) Attitude  (Y) Willing to pay 

Antecedent  Coeff SE p  Coeff SE p  Coeff SE p  Coeff SE p  Coeff SE p 

(X) Knowledge a1 .043 .054 .433 a2 .270 .042 <.001 a3 .138 .040 <.001 a4 .081 .042 .060 c’ .161 .104 .126 

(M1) Risks  - - -  - - -  - - - d41 .112 .047 .017  - - - 

(M2) Benefits  - - -  - - -  - - - d42 .509 .062 <.001  - - - 

(M3) Soc. trust  - - -  - - -  - - - d43 .158 .069 .024  - - - 

(M4) Attitude  - - -  - - -  - - -  - - - b1 .975 .132 <.001 

Constant iM1 3.014 .198 <.001 iM2 3.141 .154 <.001 iM3 3.223 .146 <.001 iM4 1.133 .299 <.001 iy -1.076 .556 .054 

                     

  R2´= .003  R2´= .144  R2´=.047  R2´= .344  R2´= .190 

  F(1,não 

242) = .62, 

p = .432 

 F(1,242) = 40.54,  

 p =<.001 

 F(1,242) = 11.83,  

p = <.001 

 F(1,242) = 32.29,  

 p = <.001 

 F(1,242) = 28,27, 

p = <.001  

                     

Table 4 - Regression coefficients, Standard errors, and model summary information for the Knowledge influence parallel-serial multiple mediator model depicted in figure 4 

Source: author 2024 
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6- Discussion 

The present study intendeds to understand, in a sample of individuals familiarized with the topic SAF, 

to what extent their knowledge influenced their willingness to support the technology through the 

mediating influences of perceived risks, benefits, social support and attitude toward the use of SAF.  

We tested the hypothesis that the individuals’ knowledge had a direct influence on their willingness 

to pay (WTP) as well as on the mediating variables. We started from this assumption because we 

wanted to test in the present sample (aviation academics and professionals in Portugal) this 

particularity that had not been contemplated in previous studies carried out, namely in the studies 

by McLachlan et al. (2018), by Xu et al. (2022) and by Wendt et al. (2024). However, the results did 

not meet our expectations, as familiarity with the technology did not show a direct influence on WTP.  

It seems that knowledge per se has no motivational effect on individuals to pay more for an air travel 

with SAF. These results are similar (in part) in the study by Wendt et al. (2024) regarding negative 

WTP results from European Union studies indicate that a carbon offset program needs additional 

desirable attributes before respondents are willing to pay even the lowest price available.  

On the other hand, the results are different from those presented in the study by McLachlan et al. 

(2018) where the knowledge about the impact on the environment was considered the least 

important factor and one of the main justifications for passengers not wanting to pay any extra (WTP) 

for air travel (study carried out in the United Kingdom). 

We could find the similarities from this study results with Xu et al. (2022) study about UK market (they 

said that their results can be taken as reflective of countries having similar socio-economic 

characteristics) and we could test that if it is real with this Portuguese sample that we use in our 

study. 

In our sample, the familiarity with the topic SAF functioned as a predictor of Perceived Benefits, and 

Social Trust, but not as a predictor of Perceived Risks. These results are different from all the other 

studies before made, in part because we analyzed deeply the indirect relationship and influences of 

the constructs among them, and the attitude change that could arise from these relationships. This 

was notorious, even compared to the study by Xu et al. (2022) which we can consider the most similar 

to ours carried out so far.  



SUSTAINABLE AVIATION FUELS (SAF) 

42 
 

Additionally, the set of items used to measure the variable Perceived Risks showed a low reliability, 

which may explain the differences between our findings and the McLachlan et al. (2018), the Xu et al. 

(2022) and the Wendt et al. (2024) studies results.  

We also foreseen a significant direct relationship between knowledge and attitude towards the use 

of SAF, and an indirect relationship through the mediating influences of perceived benefits, social 

trust and perceived risks. The findings did not support the direct hypothesis, meaning the familiarity 

with the topic was not enough for subject to form an attitude. The influence of Knowledge on the 

Attitude towards the use of SAF appears to depend of the perceptions regarding the Benefits and the 

Social trust associated with the technology in relation to its use. We find support for mediating role 

of the first two variables but not for the later.  

These results are different from the others studies made before and the mediating attitude that 

knowledge could built based in the right perception of benefits and social trust, and that about the 

perceived risks (which in a way seems to be overlooked in our sample of participants) seems to be 

the right answer about the awareness and motivation of WTP. 
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7- Conclusions 

The present work has as its theme the SAF and the opinion of consumers in the aviation area in 

Portugal. It is sought to ascertain to what extent familiarity with this technology influences the 

willingness of individuals to pay (WTP) more for air travel using SAF. 

The study was developed with the intention of unveiling the influence of Knowledge in the WTP 

through the mediating effects of the perceived benefits, risks, social trust and attitude towards the 

use of the technology. To achieve this purpose, we surveyed a sample of 430 professional and 

academics in the aviation sector in Portugal. 

 

Figure 13 – The direct and mediating influence of attitude towards SAF in the relationship between Knowledge and WTP 
(Power Point presentation) 

Source: author 2024 

 

 

 

The results suggest that knowledge (or the familiarity with the topic SAF) has no direct effect on the 

attitude towards the use of the technology, but only through perceptions of the benefits and social 

trust associated with it, together explaining 34% of the attitude variance. 

Attitude was found to be a significant predictor of WTP, explaining 19% of its variance, a result 

consistent with previous studies (Xu et al., 2022; Wendt et al., 2024). In Xu et al. study (2022) a 
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significant proportion of participants not only showed a keen interest in learning more about SAF 

(64%) but they also believe it was a good idea to use it for flights (53%). We also expecting to find a 

direct relationship between knowledge and the participants´ willingness to support a pro-

environmental initiative as the use of SAF in air travels, as suggested by previous research (Xu et al., 

2022; de Mello, 2024). However, we did not find the hypothesized direct influence, but rather an 

indirect one, through the mediating effects of perceived benefits and social trust. 

Studies on the public´s opinion on SAF have suggested that they may have a more limited knowledge 

about SAF and all its environmental implications. Awareness of the importance of SAF can vary widely, 

but we assumed that the present study relies on an informed sample. 

There is a slow growing interest in more sustainable types of travel among consumers, but this 

interest can often be influenced by factors such as communication and marketing. In general, the 

public is very sensitive to the cost of airline tickets. The WTP more for SAF is often limited, especially 

if there is no clear and immediate perception of the benefits or effective communication about 

environmental impacts. 

Consumers may be more WTP an increased price for SAF if there is a clear understanding of the 

environmental benefits and this additional cost is reasonable and justifiable. However, if there is a 

lack of transparency and communication, this provision can be greatly limited. 

According to our results, the willingness to pay more for SAF may be more dependent on factors such 

as perceived value and understanding of environmental benefits. Education and communication play 

a crucial role in shaping these opinions. 

 

Main contributions of the study  

This study contributes to management strategic decisions (eg. Marketing, pricing, fuel hedging) 

regarding the use of SAF, as to anticipate the behavior of a particular segment of consumers. It also 

contributes to academic knowledge in the aviation area by providing an overview of the use of 

biofuels in the aviation industry and the beneficial effects for the environment as the reduction of 

greenhouse gases permits. 
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This study also contributes to have the perception that people related with aviation (professionally and 

academically) show some lack of knowledge about SAF that must have to be understanded and 

mitigated in a proper way. 

 

Study limitations 

Like all studies, ours also has its limitations. We used a cross-sectional design, with a single source of 

data and a convenience sample. These opinions limit the generalizability of our results.  However, all 

the methodology and research carried out, as well as the theoretical information obtained in the vast 

review of the existing literature, allowed us to consider that the present study adds material to 

consider in the development of the theme. And the sample (due to its size) had the desirable variety 

to obtain a solid portrait of the phenomenon under analysis, which allowed us to consider that the 

objectives were achieved. 

This sample of people related with aviation show a predisposition to pay more for air travel if the 

perceived benefits are clear and the social trust are reinforced, and their attitude should be according 

to their knowledge (is not so big that we initially supposed to), so the willingness to pay should be a 

reality if all this indirect influence could be obtained. Risk perception also seems to be 

underestimated. 

 

Suggestions for future research 

Increase the scope of the research, trying to obtain information and opinions on the topic of SAF from 

a more international sample. 

The recent Resolution of the Council of Ministers of Portugal (see annex 8) from 28 of October of 

2024 shown that in our country (Portugal) this theme about SAF use and the structural and regulatory 

measures (that are necessary to establish an environmental, economic and continuity policy for the 

aviation sector) are actual and important, confirming this theme as relevant to frame and motivate 

dialogue and awareness of all stakeholders (from the various sectors responsible for change) and 

optimization of resources. 

Despite the recognition by the Portuguese government of the several benefits associated with the 

SAF use, the general public may have a more limited understanding and be more resistant to paying 
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extra to fly SAF, unless there is an investment in communication strategies to enhance benefits and 

importance of SAF. This could represent a fruitful research avenue. 

The future research should use a type of approach similar with that we used on our study, reinforcing 

the perception of risks, and giving some additional information to the public before the questionary 

are submitted (a more extensive, comprehensive and complete answers could be obtained). 
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Annexes 

Annex 1. Plano de questionário (Questionnaire Plan) e Parecer da comissão de Ética 
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Annex 2. Codification Table for Sociodemographic analysis in IBM- SPSS System 
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Annex 3. IBM-SPSS output - descriptive measures, normality tests, reliability and Pearson 

correlations 

 



SUSTAINABLE AVIATION FUELS (SAF) 

66 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

67 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

68 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

69 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

70 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

71 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

72 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

73 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

74 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

75 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

76 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

77 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

78 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

79 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

80 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

81 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

82 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

83 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

84 
 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

85 
 

 

 

 



SUSTAINABLE AVIATION FUELS (SAF) 

86 
 

 

  



SUSTAINABLE AVIATION FUELS (SAF) 

87 
 

Annex 4. IBM-SPSS output - factorial analysis 
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Annex 5. IBM-SPSS - serial-parallel multiple mediator model. 
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Annex 6. Resolução do Conselho de Ministros nº 147/2024 de 28 de outubro   
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