
Abstract
Sustainable Aviation Fuel (SAF) is a lab-manufactured fuel using carbon neutral materials to provide a fuel with the same properties as Jet A-1 aviation fuel. Because of this, SAF is referred to as “drop-in” fuel allowing it to be used in aircraft without the need to modify the aircraft engines to accept the new fuel. Currently SAF is manufactured with by-products and waste from of cooking oil, animal fat and agricultural/forestry industries (Neste, 2021). Airbus has teamed up with Rolls-Royce (RR) and Neste to bring the three main key stakeholders together to work on the problem of reducing the carbon footprint of air travel ahead of the 2050 EU mandate.
The principal drivers for the innovation
Pollution in the air is growing at an alarming pace, with Carbon Dioxide (CO2) one of the key contributors to global climate change (Ritchie, et al., 2020). Growth in the levels of CO2 exploded from the mid-18th century from the start of the Industrial Revolution within Europe and in other developing countries, while first world countries are now switching to low carbon sources of energy, other developing countries are ramping up their industries adding to the global pollution levels.
While demand is growing in the aerospace industry, the industry is also facing demands to lower its CO2 output by both customers as well as governments. In 2018, the aviation industry was responsible for 2.5% of all CO2 emissions (Ellerbeck, 2022), which will grow as the demand for air travel increases back to pre-2019 (pre COVID) levels. With this, the International Civil Aviation Organization (ICAO), backed by 193 governments, have agreed by 2050, all flights will be net-zero CO2 emissions (Mithal & Rutherford, 2023).
Air travel is becoming widely available, with passenger count up to 4.5 billion in 2019 (ICAO, 2019), however with the impact from COVID-19, the industry isn’t expected to return to 2019 levels until 2024 (Bouwer, et al., 2021). Regardless of the impacts of COVID-19, demand and therefore CO2 emissions is predicted to grow 3.6% (Siew Ng, et al., 2021) year on year, adding to the impacts we are having on this planet.
Currently, a voluntary system of Carbon Offset (Lutkevich, 2021) is offered to customers as a means to lower their carbon emissions for air travel, however this is more of a temporary fix and does not solve the issue at the source (Ghussain, 2020). Airbus have been working on reducing the total weight of their aircrafts with the goal of reduced fuel burn, for example, the A330neo has a 25% lower fuel burn than its predecessor (Airbus, 2022). However, manufacturers are reaching their limit on reducing mass and increasing aerodynamics of their aircraft; therefore, the next area to concentrate on is the fuel the aircraft uses.Not Well Defined
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Therefore, as seen in Greg Satell’s Innovation Matrix (Satell, 2017), SAF are seen as “Breakthrough Innovation”. The problem is well-defined, current fuel sources need to be replaced with an alternative eFuel or a different propulsion method. However, Airbus alone cannot solve the problem; the ‘Domain’ is still new in the industry and not in Airbus’s field of expertise. They are experts in the field of aerodynamics however; they will need to source help from their jet engine supplier RR as well as leaders in the manufacturing of eFuel, Neste.Existing capabilities already deployed
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The same can be said using the 70/20/10 Rule of Innovation, the implementation of SAF into the market is ‘Transformational’. The customer needs are new to the market and not yet been being fulfilled. While Airbus is providing resources into the implementation of SAF, it is only small compared to the current ongoing projects. Also with the target of 2050, Airbus has plenty of time on their hand to make SAF work.Fig 02 – 70/20/10 Rule

The barriers and risks faced by the company in developing this innovation
The key aspects required of alternative fuels is the ability to be used without changes needed to the aircraft fuels systems or the engine itself, while also maintaining the aircraft’s performance and range. This approach is also used in the automatic industry, however with the introduction of E10 fuel in the UK fuel (RAC, 2021); there are reports of reduced range and damage to fuel systems defying the “drop-in” approach of maintaining the same performance and key characteristics of unleaded E5 fuel. Any reduction in range or increase maintenance procedures will be costs the airlines will pass onto the consumer or will push airlines away from SAF, forcing the industry to find an alternative or governments to back-track on their 2050 pledge.
Lightweight materials like Carbon Fibre are successfully being used in final production like the A350 and 787, however these technologies are reaching their peak in weight reduction, with hydrogen powered and electric aircraft still in development and blended wing designs still in their infancy, until these technologies become mainstream, a solution is needed to fill in the gap. Therefore, a number of SAF manufacturers have step up to meet this demand, including Neste one of the leaders in SAF manufacturing and production (Igini, 2022). SAF will allow airlines to keep flying with their current fleet of aircraft while Airbus develop and bring to mass production hydrogen and electric powered aircraft.
Another key barrier facing airlines who are willing to adopt SAF is the cost. As of 2022, SAF was estimated at 3x the cost of Jet A-1 fuel (Quartz Business Media, 2022), a cost which will be passed onto the passenger. However, this is down to low production rates, which have a high price tag. As of 2019, 95 billion gallons (359.6 billion litres) of jet fuel was used worldwide (Statista, 2023), however todays total production of SAF is only 4.6 billion litres (Quartz Business Media, 2022) (1.22 billion gallons), only 4.9% of the world’s jet fuel demand.
To meet demand, and therefore lower costs due to economy of scales, multiple manufacturing sites will need to be constructed ahead of the 2050 deadline. To meet 2019 consumption, Neste will need to construct a minimum of 286 of their “Vegetable oil, UCO and animal fat” facilities (Neste Rotterdam facility produces 1.26 bn L/y (Quartz Business Media, 2022)). Excluding the carbon associated to constructing the site, other areas of the supply chain need to be looked into, such as transporting raw materials and the final product will add to the total carbon bill. Neste could reduce this impact by having production closer to main airport hubs and employ electric vehicles to transport goods around the site as well as between supplier and consumer.
While SAF is marked as carbon neutral, there will always be corporations who will cut corners for profit and inject unwanted carbon into the system, defying the purpose of SAF. As seen in the UK with coal power plants switching to ‘carbon neutral’ wood pellets (Carrington, 2022), fuel suppliers are mislabelling their stock as carbon neutral or not carrying out the full process of replanting stock to complete the carbon cycle (UCAR, 2011). While switching to SAF will be seen as better for the environment, if the end goal of a closed loop carbon cycle will not be achieved, and airlines will only be “Greenwashing” their customers (Kerner, 2023), selling a service which does not meet the customer’s needs.
The key determinants in the process of committing to develop the innovation
[bookmark: _GoBack]Demand for Carbon Neutral transport is the hot topic currently, not only are governments and legislators mandating that airlines reduce their carbon footprint, passengers are also becoming more understanding of their impacts and are seeking out ways to reduce it (Jacobson, et al., 2020). With this demand from both sides, Airbus cannot sit still on the subject; they must stay ahead of the technology curve to stay as frontrunners in the market. Otherwise, they will lose out to their competition to which they may never recover.
The EU mandated that by 2025, all aviation fuel should be 2% SAF, growing to 5% by 2030 and reaching a minimum of 63% in 2050 (European Commission, 2021). For both Airbus and RR to stay viable in the market, they will need to find a way for SAF to work in their current systems allowing airlines to stay active with their existing fleet. However, for Airbus, this is only one of their upcoming innovations to solve the carbon pollution issue for their fleets.Fig 03 - Airbus Innovation funnel
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[image: Airbus Energy Roadmap 2022]As discussed previously, Airbus have implemented lightweight materials (1) into their production to improve the overall performance of the aircraft. The next step on their path to carbon neutrality is the use of SAF (2) by their customers while they develop other lower carbon propulsion aircraft. SAF is crucial to fill the gap while Hydrogen fuelled engines (3) (Airbus, n.d.), as well as electric powered aircraft (4) (Min, 2022) are in their development phase, while blended wing body designs (6) and Hydrogen fuel cells powered electric engines (5) (Airbus, 2022) are still in their concept phase.Fig 04 – Airbus Low Carbon Aviation plan (Airbus, 2023)

The extent to which the development relied on resources external to the company and the ways in which the deployment of these resources was managed.
To achieve the goal of the 2050 EU mandate, Airbus assembled together the best in the business to ensure the correct stakeholders are present to guarantee the project meets their goal. Without this dedication, Airbus would be lagging behind its rivals and even forced out of its key EU market. Airbus, Rolls-Royce and Neste are all experts in their own fields, however they outsource R&D or rely on each other to develop and innovate new ways of working. Trying to bring SAF research in-house within Airbus or RR would be impractical as neither company has the resources or expertise to carry out the research within Airbus’s 2030 target.
In November 2020, a Memorandum of Understanding was signed between Airbus and Neste (Airbus, 2022), with the goal both parties would work together to boost SAF development and uptake in the aerospace industry, with Airbus supporting Neste promote SAF with Airbus’s customers and Neste dedicating more resources towards production to meet future demand.
Neste is the world leader in eFuel for both diesel and aviation fuel. They are front-runners in the e-Fuel Alliance (Chemical industry digest (Mumbai), 2021) whose goal is to “…advancing and intensifying the production of synthetic carbon-neutral fuels” (eFuel Alliance e.V., 2022). The partnership between Neste and Airbus, and therefore RR, gives all three company’s access to what they need to implement 100% SAF.
Airbus have a fleet of different aircraft and engines types Neste can now access and carry out multiple of tests whereas before they was limited to lab tests. RR can work directly with Neste technicians to work on reducing the impacts the eFuel has on the internal structure of their engines, and Airbus has unlimited access to SAF for all their testing needs and the ability to requests changes to the formula. This three-way partnership has brought out the best in all three companies and as discussed below, blown away internal Airbus targets and leading all three to completing their goals well ahead of the competition.


The processes and technologies which the company used to carry this development forward
Airbus had to tackle the innovation from two aspects: proof of concept using a stationary test rig, then real word test using Airbus’s own fleet of test aircraft. The test rig in lab conditions provides the go/no-go however for real data; the fuel needs to be taken into the air:
“…to gather the full emissions data necessary for this programme to be successful, there's only one way to do that and it’s to fly a real aircraft in real conditions.” - Mark Lewis, Airbus Test Pilot 2021
Currently, SAF is limited to a max of 50:50 blend (Vălean, et al., 2022) which has meant Airbus have had to request authorisation to carry out tests on 100% unblended SAF. In March 2021, Airbus teamed up with Rolls-Royce and Neste to work on the join project “Emission and Climate Impact of Alternative Fuels” (ECLIF3) (Duvelleroy, 2021). With this and approval from legislators, Airbus carried out the first 100% unblended SAF test in their A350 test aircraft MSN1 (Airbus, 2021) which was marked as a victory for the project. Following the success of this test, Airbus carried about additional tests on a number of aircraft:
	Blend
	Aircraft
	Engine
	Test flight

	100%
	A319neo
	CFM - LEAP-1A
	October 2021

	100%
	H225 Helicopter
	SAFRAN - Makila 2
	November 2021

	100%
	A350
	RR - Trent XWB
	November 2021

	100%
	A380
	RR - Trent 900
	March 2022

	100%
	A330
	RR - Trent 772B
	November 2022

	100%
	A321neo
	CFM - LEAP-1A
	March 2023

	43%
	Eurofighter Typhoon*
	Eurojet EJ200
	March 2023

	*Air to Air refuelling via an A330 flying on 100% SAFTable 01 – Airbus test flights




To carry out real life tests, Airbus had a smaller aircraft fitted with multiple test equipment follow the lead aircraft, getting as close as 50m to pull data directly out of the exhaust (Airbus, 2021). Current results are looking very promising, with reports of up to 80% total CO2 reduction[footnoteRef:1] (Juan, et al., 2023) and even a reduction in other greenhouse gas (GHG) compared to Jet A-1 fuel. Airbus test pilots have commented that 100% SAF preforms the same as Jet A-1, with no reduction in performance when requesting take-off power (Airbus, 2021). [1:  “The burning of fuels produced from renewable raw materials, such as SAF, releases the same amount of carbon that renewable raw materials have absorbed from the atmosphere. Hence, the use of renewable raw materials is considered as carbon circulation, not adding new CO2 to the atmosphere.” (NESTE, 2021)] 

In the background, RR have also been testing their upcoming engines with the goal of all new Trent’s and UltraFan’s will have the RR seal of approval to use 100% SAF (Rolls-Royce, 2023). The success of these tests not only proves Neste’s SAF formula meets all of Jet A-1 requirements, it also allows Airbus to keep active production of their current aircraft, reducing pressure on the research team in charge of electrical and hydrogen powered aircraft development.
These tests have provided the data Airbus needed to which they have confirmed all of their aircraft and helicopters have the approval to run off 50% blended SAF (Airbus, 2023). Research and testing in still ongoing with the goal to have all of Airbus’s fleet approved to use 100% SAF by 2030.
How management overview of the development was maintained.
Airbus management understands that SAF is not being held back by testing but by production of the eFuel to meet global demands. Part of the MoU between Airbus and Neste was to ramp up the production of SAF to ensure the eFuel becomes wide spread, encouraging the uptake of the fuel (Bonnassies, 2022). Currently only 1% of all aviation fuel is SAF, however Airbus put down a target of 10% by 2030 on Neste. To meet this demand, the executive vice-president at SAF, Thorsten Lange, commented Neste would need to produce 20 million tonnes to meet Airbus’s 2030 target, however currently they are only producing 2.2 million tonnes as of 2023. Airbus have set aside funding to help support Neste ramp up production as they believe in the shared goal between both parties and therefore Neste’s abilities to meet Airbus’s demands. 
The extent to which you feel this innovation process represents best practice.
SAF is crucial to meet the EU mandate; however, it is more of a temporary fix while research into cleaner propulsion methods is studied and implemented. Elon Musk (Rosoff, 2011) highlighted too much research and development is being set aside to find bio-fuels or low carbon alternatives for the Internal Combustion Engine (ICE), processes that take raw materials and electricity to make a fuel source, instead of just using the electrical power directly to propel the vehicle. The same can be said for SAF, where the power used to convert raw materials into eFuel could be used directly with electrical powered aircraft.
However I will acknowledge, to reduce the impact to the industry, airlines need to make the most of their current fleet before looking to replace stock with upcoming Hydrogen/Fuel cell/Battery powered aircraft, therefore there is a trade-off of using electricity to generate SAF as opposed to using the electricity directly.
Conclusion
With the successful tests carried out by Airbus, the proof of concept is complete and the next barrier to fully implementing the innovation will be mass production and uptake of the SAF. However, this will come with some additional challenges ensuring the true purpose of SAF it kept clean and carbon neutral. Checks will need to be put into place by governments and Aviation Organisation to ensure the raw materials used in SAF are 100% renewable or by-products that would be sent to landfill. In addition, these checks will need to ensure raw materials or land needed for human life (drinking water, agriculture products or farming land) are not redirected to the production of SAF.
Nevertheless the tests did prove the majority of Airbus’s fleet can run on 100% pure SAF, 27 years ahead of the 2050 mandate, even beating their main competitor who have only carried out one 100% SAF test (Hahn, 2023). With hard evidence like this, Airbus are now in the position to flaunt their success to boost sales and even challenge the EU mandate requesting it be pulled forward, generating greater demand for SAF production to which the cost difference between SAF and Jet A-1 will be reduced, driving more uptake of the fuel.
The innovation would not be possible by Airbus alone, while they are experts in the field of aircraft manufacture; they have no experience in jet engines or fuel production. By bringing together the three main stakeholders to solve the issue together, not only have they achieved their goal of proving 100% SAF is possible, they are ahead of the curve and now able to redirect more resources towards hydrogen and electric powered aircraft while their competitors are still in their testing phase.
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Acronyms
	CO2
	Carbon Dioxide

	Drop-in
	Alternative fuel that can be used with no impact to performance or requiring modifications

	eFuel
	Lab manufactured fuel, using low carbon raw materials (i.e. bio-fuel)

	GHG
	Greenhouse gas

	ICAO
	International Civil Aviation Organization

	RR
	Rolls-Royce

	SAF
	Sustainable Aviation Fuel
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