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The aviation industry faces challenges in the effort to reduce its carbon footprint. Sustainable 
aviation fuel (SAF) isn’t a panacea but increasingly shows potential as a promising alternative 
to fossil fuel. However, cost barriers and other concerns must be overcome to reap potential 
benefits from the fuel.

Aviation Is a Substantial Emission Source and Is Getting Worse as Fuel 
Economy Measures Fail To Curb Rising Demand
Aviation emissions in 2022 reached almost 800 million tonnes per year (mmtpa) of carbon 
dioxide (CO2), representing about 2% of global energy-related CO2 emissions. This marks a 
significant—although partial—rebound from the pandemic-driven downturn, with emissions 
returning to approximately 80% of pre-pandemic levels. According to the International Air 
Transport Association (IATA), an airline industry trade advocacy organization, the expected 
2021-50 carbon emissions on a “business as usual” trajectory is more than 21 gigatons of 
CO2, which is an approximately 13% compound annual growth rate (CAGR). The IATA reports 
that the airline industry has set a goal to reduce carbon emissions to net zero by 2050.
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Briefing Note

• In the effort to reduce the aviation industry’s carbon footprint, sustainable aviation fuel 
isn’t a panacea but increasingly shows potential as a promising alternative to fossil fuel.

• According to the EIA, global commercial jet fuel demand is expected to grow in the 
coming years and SAF can help the industry meet its sustainability goals, especially in 
the near term. 

• While SAF holds great promise, widespread adoption faces several challenges including 
cost and environmental concerns.

• Technological advancements, coupled with growing environmental awareness, are 
encouraging the adoption of SAF across the aviation industry.

https://www.iea.org/energy-system/transport/aviation
https://www.iea.org/energy-system/transport/aviation
https://www.iata.org/en/programs/environment/flynetzero/
https://www.iata.org/en/programs/environment/flynetzero/
https://www.iata.org/en/programs/environment/flynetzero/
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The easiest way to lower aviation-related emissions would be to improve fuel economy. But 
based on International Energy Agency (IEA) data, the average fuel efficiency in aviation has 
improved by less than 2% over the last 10-year period, while expected growth in the sector is 
more than 4% CAGR for the next 10 years. Based on the IEA data, it is evident that the easier 
work has been done in terms of efficiency improvement, and the current engine technology 
could be approaching the boundaries of material science. The rate of improved efficiency is 
likely to slow in future generations.

Figure 1: Projections for Jet Fuel Demand and Emissions

Jet Fuel Demand Is Expected To Soar
The U.S. Energy Information Administration (EIA) expects global commercial jet fuel 
consumption to more than double from 96 billion gallons in 2018 to 215 billion gallons in 2050. 
Annual jet fuel consumption in the United States grew in 2023 for the third year in a row but 
remained below the pre-pandemic peak in 2019. U.S. jet fuel consumption averaged 1.65 
million barrels per day (b/d) in 2023, 5% below the pre-pandemic high in 2019. So far this year, 
airline passenger volumes have surpassed 2019 levels and are consistently higher than in 
2023. EIA projects global demand for jet fuel to continue increasing through 2050 at a CAGR of 
approximately 2.5%.

The Air Transport Action Group (ATAG), an air transport industry advocacy nonprofit 
organization, predicts a 3.1% annual increase in air traffic, projecting a total of 10 billion 
passengers by 2050, almost 2.6 times higher than 2019 levels. 

Even without considering fuel efficiency improvements, the air traffic trajectory expected by 
ATAG would lead aviation energy demand to approach almost 240 billion gallons of jet fuel 
(equivalent to over 15 million barrels per day of oil demand) by 2050, resulting in approximately 
2.3 billion metric tons of CO2 emissions. Airbus and Boeing, the leading aircraft manufacturers 
globally, have each projected the number of flights and planes in operation will double in the 
next 30 years. The IEA expects jet fuel demand to hit a record later this decade, while Rystad 
expects global jet fuel demand to cross 8 million barrels per day in 2026.

According to NREL, jet fuel demand is expected to more than double by 2050. The U.S. EIA 
projects that the global commercial jet fuel market, which is currently 106 billion gallons, will 
grow to more than 230 billion gallons by 2050. A report by research consultant Thunder Said 

https://www.iea.org/data-and-statistics/charts/energy-intensity-of-domestic-and-international-commercial-passenger-aviation-in-the-net-zero-scenario-2000-2030
https://aci.aero/2024/02/13/the-trusted-source-for-air-travel-demand-updates/
https://www.eia.gov/todayinenergy/detail.php?id=62443
https://www.eia.gov/todayinenergy/detail.php?id=41913
https://www.reuters.com/business/energy/jet-fuel-demand-growth-lags-air-traffic-exceeds-pre-pandemic-level-2024-04-19/
https://research-hub.nrel.gov/en/publications/the-challenge-ahead-a-critical-perspective-on-meeting-us-growth-t
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Energy similarly expects jet fuel demand to more than double from 2019 levels by 2050. 

The United States is the largest consumer of jet fuels in the world, accounting for as much 
as 26 billion gallons annually. According to the EIA, jet fuel demand in the United States is 
estimated to be about 30 billion gallons per year in 2030.

Figure 2: Jet Fuel Demand by Region

Source: Thunder Said Energy

SAF Can Help the Aviation Industry Meet Its Targets, Especially in the 
Near Term
SAF is fuel derived from alternative feedstocks (such as biomass or waste oils), which 
is converted to conventional kerosene and tailored for use in aviation. The two primary 
considerations for aviation fuel to be deemed sustainable are:

1. The fuel must deliver low-carbon or zero-carbon emissions when burned, and

2. It must be a “drop-in” fuel, similar in chemistry to fossil jet fuel such that it can be easily 
integrated with existing infrastructure and blended with traditional jet fuel.

As a drop-in fuel, SAF can be used without modifications to current engines or fuel 
infrastructure. Although the CO2 emissions directly released from SAF combustion are 
comparable to those of conventional jet fuel (about 9.75 kilograms of CO2 per gallon), 
depending on the feedstock and technologies used to produce SAF, it can reduce life cycle 
greenhouse gas (GHG) emissions dramatically compared to conventional jet fuel. Some 
emerging SAF pathways even have a net-negative GHG footprint.

The production of SAF involves various technologies and feedstocks. Biomass-based SAF 
is derived from organic materials such as agricultural residues, woody biomass, and algae. 
Typical feedstocks include corn grain; oil seeds; algae; fats, oil and greases (FOG); forestry 
and agricultural residues; wood mill waste; wet wastes; and solid waste from homes and 

https://thundersaidenergy.com/downloads/global-jet-fuel-demand-by-region-and-forecasts/
https://www.energy.gov/eere/bioenergy/sustainable-aviation-fuels
https://www.energy.gov/eere/bioenergy/sustainable-aviation-fuels
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businesses—such as packaging, textiles and food scraps—that would otherwise go to a landfill 
or incinerator. Waste oils, including used cooking oil and animal fats, can also be converted into 
high-quality aviation fuel. Renewable electricity can be used to produce synthetic fuels through 
processes such as electrolysis and Fischer-Tropsch synthesis. There are 11 main conversion 
processes for SAF production approved by the American Society for Testing and Materials 
(ASTM), and 11 other conversion processes are currently being evaluated.

https://www.icao.int/environmental-protection/GFAAF/Pages/Conversion-processes.aspx
https://www.icao.int/environmental-protection/GFAAF/Pages/Conversion-processes.aspx
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Table 1: Approved Conversion Processes

Source: International Civic Aviation Organization (ICAO)

https://www.icao.int/environmental-protection/GFAAF/Pages/Conversion-processes.aspx
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Three of the approved processes, outlined in red in the table above, appear more promising in 
terms of lowering GHG emissions based on availability of feedstocks, higher percentage blend 
(50%) with commercial fossil-derived jet fuels, and commercial scalability:

1. HEFA (hydroprocessed esters and fatty acids): The fuel properties for this pathway are 
similar to those of conventional petroleum fuel, but HEFA has the advantages of a higher 
cetane number, lower aromatic content, lower sulfur content, and potentially lower GHG 
emissions. Feedstock includes lipids from fats, oils, & greases (FOGs). Priority is placed on 
sustainable waste oils, notably used cooking oil (UCO) and animal fat residues. The HEFA 
fuel product leverages existing refining know-how as the hydro-processing conversion 
technologies are matured and are commercially available. HEFA has a 50% blend limitation 
and is currently the only commercial scale process for aviation biofuel production that has 
been tested on a large scale. Looking at the offtake agreements for 2024, HEFA appears to 
be taking a lion’s share of the total investments in SAF. 

2. Fischer-Tropsch (FT) Pathway Production Process: In this pathway, biomass is first 
converted to syngas using gasification and then to jet fuel components using the FT 
synthesis reaction. Feedstocks for this pathway include various sources of renewable 
biomass but focus mainly on woody biomass, such as municipal solid waste, agricultural 
waste, forest waste, and energy crops. The approved blend limitation for jet fuel produced 
by the FT pathway is 50%. The cost stack of FT pathways is the inversion of HEFA, with very 
high capital costs and low feedstock costs. 

3. The Alcohol-to-Jet (ATJ) Technology Pathway: This pathway uses fermentation to convert 
sugars, starches, or hydrolyzed cellulose into an intermediate alcohol, either isobutanol 
or ethanol, which is then further processed and upgraded into a mix of hydrocarbons. 
Feedstocks such as sugar cane, corn grain and switchgrass are used via fermentation of 
sugars to ethanol or other alcohols. The approved blend limitation for jet fuel produced by 
the ATJ pathway is 50%.

These particular pathways show that through the utilization of SAF, airlines can notably diminish 
their carbon footprints and alleviate the environmental repercussions of air travel. SAF also 
promotes energy security by diversifying fuel sources and reducing reliance on finite fossil 
fuels. Unlike conventional jet fuel derived from petroleum, SAF is primarily plant-based, and can 
be produced from various renewable feedstocks such as cooking oils, agricultural residues, 
and non-food crops. This shift to renewable sources helps mitigate the geopolitical and 
economic risks associated with the volatile fossil fuel market.

https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/agriculture/010224-global-saf-production-set-to-double-in-2024-with-future-growth-policy-dependent
https://www.irena.org/publications/2020/sep/reaching-zero-with-renewables
https://www.irena.org/publications/2020/sep/reaching-zero-with-renewables
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Other Alternatives to Fossil-Based Aviation Fuel Exist but Are Currently 
Limited
Electrically-powered (primarily running on batteries) and hydrogen-powered aircraft are often 
discussed as alternatives to SAF, but they have limitations. 

Currently, the lower energy density of batteries (1/40th vs kerosene-based jet fuel) is limiting 
the success of electrically-powered aircraft to smaller aircraft taking short-range flights, due to 
weight and storage area concerns. 

Technology and design improvements may allow battery-electric airplanes to play a more 
significant role in the future. Recent research jointly undertaken by Elysian Aircraft, a startup 
company, and the Delft University of Technology, both based in The Netherlands, re-examined 
the assumptions that have led to the conclusion of the limited applicability of battery-electric 
airplanes. The researchers identified design changes that could allow greater use of battery-
electric power in aviation.1 Also, the leading electric battery maker, CATL, recently tested 
an ultra-dense EV battery in a 4-ton electric plane and plans to reveal battery technology to 
service an 8-ton electric plane with a range of 1,200-1,800 miles by 2028—suitable for private 
and business jets. Another battery maker, Amprius Technologies (AMPX), announced last 
year that it secured orders from three electric aircraft developers. However, Amprius is mostly 
targeting small aircraft that carry just a few passengers. 

Hydrogen presents substantial barriers for hydrogen-powered aircraft that may be more difficult 
to overcome. The lower volumetric density of hydrogen (1/4th the energy of an equivalent 
volume of kerosene-based jet fuel) increases the space requirements for fuel storage in a 
plane. Also, hydrogen must also be cooled to around -300°C to store in its liquid state, and 
specialized storage tanks may further add weight and volume to the aircraft. The lack of 
infrastructure to deliver hydrogen to the airplanes is another hurdle to overcome. Hydrogen fuel 
cell technology, as an alternative to liquid hydrogen fuel, “must become lighter, more powerful, 
and more durable to make large, fuel cell-powered transport aircraft feasible.” Finally, if the 
hydrogen is produced from natural gas rather than from water using renewable energy, it will 
have a significant greenhouse gas footprint.

The Aviation Industry Includes SAF in Its Sustainability Plans
As noted above, the aviation industry has pledged to reduce carbon emissions by 50% from the 
2005 level by 2050. An increasing number of airlines are choosing to blend lower-carbon SAF 
with fossil jet fuel to achieve this objective. Major U.S. airlines have announced plans to ramp 
up SAF usage—including American and Delta—to 10% of total fuel consumption by 2030.2, 3 
Current use by these airlines, however, is very low.4 Major manufacturers such as Airbus and 
Boeing are aiming to achieve 100% SAF capability by 2030, compared to the current 50%.5, 6

Numerous airlines and airports have already adopted SAF as a key component of their 
sustainability initiatives. For example, KLM Royal Dutch Airlines has conducted multiple flights 
using SAF blends, resulting in a notable reduction in their carbon emissions. Similarly, San 
Francisco International Airport is actively receiving the highest volume of SAF of any airport in 
the world. 

https://electrek.co/2024/06/25/catl-successfully-tests-electric-plane-1800-mile-model-nears/
https://electrek.co/2024/06/25/catl-successfully-tests-electric-plane-1800-mile-model-nears/
https://www.ainonline.com/news-article/2023-11-07/battery-maker-amprius-secures-orders-three-electric-aircraft-developers
https://innovation.engie.com/en/news/news/green-mobility/hydrogen-powered-aircraft-challenges/22584
https://innovation.engie.com/en/news/news/green-mobility/hydrogen-powered-aircraft-challenges/22584
https://www.sciencedirect.com/science/article/pii/S0376042123000386
https://www.sciencedirect.com/science/article/pii/S0376042123000386
https://ieefa.org/sites/default/files/2024-01/Blue Hydrogen Not Clean Not Low Carbon_September 2023_0.pdf
https://www.iata.org/contentassets/d13875e9ed784f75bac90f000760e998/iata-agm-resolution-on-net-zero-carbon-emissions.pdf
https://www.klm.com/information/sustainability/sustainable-aviation-fuel
https://www.flysfo.com/about/sustainability/reducing-carbon-emissions/sustainable-aviation-fuel
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The SAF market is anticipated to experience significant growth, with projections indicating it 
will reach $25 billion by 2030. This expansion is driven by regulatory mandates and corporate 
commitments to decarbonization.

The U.S. Department of Energy (DOE), for example, has established a target of achieving 3 
billion gallons of SAF usage by 2030, equivalent to approximately 12% of the EIA’s projected 
U.S. jet fuel demand for that year. Additionally, the SAF Grand Challenge is an effort of the 
DOE, the U.S. Department of Transportation (DOT), and the U.S. Department of Agriculture 
(USDA) to reduce the cost, enhance the sustainability, and expand the production and use of 
SAF while:

• Achieving a minimum of a 50% reduction in life cycle greenhouse gas emissions compared 
to conventional fuel.

• Meeting a goal of supplying sufficient SAF to meet 100% of aviation fuel demand by 2050.

In 2022, U.S. consumption of SAF was approximately 16 million gallons. The EU has committed 
to mandatory goals for SAF utilization, starting at 2% of total consumption in 2025, escalating to 
6% in 2030, 20% in 2035, and ultimately reaching 70% by 2050.

Figure 3: SAF Makes Up a Fraction of Total U.S. Jet Fuel Consumption

The SAF Supply Is Growing but Still Far From What Is Needed To Meet 
Sustainability Objectives
Global supply of SAF in 2021 was just 26 million gallons. This represented less than 0.03% of 
the jet fuel demand in 2019. However, the industry is projected to reach more than 2 billion 
gallons of annual SAF capacity by 2025. This would still be less than 2% of the pre-pandemic 
jet fuel demand. BloombergNEF (BNEF) expects jet fuel demand to reach pre-pandemic levels 
by 2025. The HEFA pathway takes the lion’s share of near-term capacity growth, and most of 
the capacity additions are in North America and Europe. Even if SAF supply reaches 5.4 billion 
gallons, it would still be 5% of global jet fuel consumption.

https://www.globenewswire.com/en/news-release/2024/05/29/2889777/28124/en/Global-Sustainable-Aviation-Fuel-SAF-Market-Outlook-2030-with-Neste-World-Energy-Gevo-Aemetis-and-SkyNRG-Dominating-the-25-Billion-Industry.html
https://www.energy.gov/eere/bioenergy/sustainable-aviation-fuel-grand-challenge
https://www.trade.gov/market-intelligence/european-union-aerospace-and-defense-sustainable-aviation-fuel-regulation
https://www.spglobal.com/commodityinsights/pt/market-insights/latest-news/agriculture/040122-feature-us-airlines-cast-a-wider-net-in-search-for-sustainable-aviation-fuel-supply
https://www.statista.com/statistics/655057/fuel-consumption-of-airlines-worldwide/#:~:text=Commercial airlines worldwide %2D fuel consumption 2005%2D2024&text=The global fuel consumption by,52 billion gallons in 2020.
https://www.statista.com/statistics/655057/fuel-consumption-of-airlines-worldwide/#:~:text=Commercial airlines worldwide %2D fuel consumption 2005%2D2024&text=The global fuel consumption by,52 billion gallons in 2020.
https://www.reuters.com/sustainability/us-sustainable-aviation-fuel-production-target-faces-cost-margin-challenges-2023-11-01/
https://www.traditiondata.com/news/jet-fuel-demand/#:~:text=BloombergNEF (BNEF) anticipates jet fuel,demand and limited decarbonisation alternatives.
https://www.oliverwyman.com/our-expertise/journals/energy-journal/the-saf-flight-path-to-decarbonization.html
https://www.oliverwyman.com/our-expertise/journals/energy-journal/the-saf-flight-path-to-decarbonization.html
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Figure 4: SAF Production Levels by Region and Process Type

Cost Is a Problem: SAF Is Far More Expensive Than Fossil Fuel at This 
Time
While SAF holds great promise, widespread adoption faces several challenges and cost is 
one of them. Fuel expenses typically represent 20% to 30% of an airline’s total expenses. Any 
additional costs resulting from increased SAF usage could have a significant effect on ticket 
prices. SAF comes with a green cost premium of two to five times more than conventional jet 
fuel. A 50% SAF blend at three times the cost of traditional jet fuel could double fuel costs.

Figure 5: SAF Trades at a Premium Over Jet Fuel

SAF producers will need to reduce costs to a level closer to that of traditional jet fuel to 
encourage widespread adoption.

SAF Production by Region SAF Production by Process Type

Source: CIBC World Markets Source: CIBC World Markets 

https://www.statista.com/statistics/197689/us-airline-fuel-cost-since-2004/#:~:text=Fuel expenses typically represent around,mentioned rise in oil prices.
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Government Policies and Regulations May Help Make SAF More          
Competitive With Fossil Fuel
Government policies and regulations play a pivotal role in shaping the adoption of 
SAF. Numerous nations have introduced incentives, mandates, and goals to promote 
the production and adoption of SAF. The EU, for example, has established ambitious 
targets for incorporating renewable fuels in aviation, spurring investment and 
advancements within the sector. 

The U.S. Renewable Fuel Standard program (RFS) allows SAF to generate D4, D5, 
and D7 renewable identification numbers (RINs)—credits used for compliance with 
the RFS—if they are produced by hydrotreating using eligible feedstocks (D4, D5) 
or produced from cellulosic material (D7). This approach helps make SAF more 
competitive with renewable diesel and increases familiarity with SAF. The regulatory 
approach does not establish a mandated use obligation. Under the RFS, SAF is 
eligible to receive 1.6 D4 RINs per gallon when produced using the hydrotreating 
pathway.

Under the Inflation Reduction Act (IRA) SAF 40B tax incentives,7 SAF producers 
are eligible for a tax credit of $1.25 to $1.75 per gallon. SAF that achieves a GHG 
emissions reduction of 50% is eligible for the $1.25 credit per gallon amount, and 
SAF that achieves a GHG emissions reduction of more than 50% is eligible for an 
additional $0.01 per gallon for each percentage point the reduction exceeds 50%, 
up to $0.50 per gallon.8 The 40B credits, however, expire at the end of this year, after 
which the Clean Fuel Production Credit (§ 45Z) comes into effect.9 These credits 
would be transferable and bankable, enabling small companies, who might not have 
a large enough tax bill to benefit by direct application of the credit, to benefit from 
those offsets. At the state level, the low carbon fuel standard (LCFS), enacted by 
California, Oregon and Washington, provides a credit value per gallon for SAF.

Environmental Challenges of SAF Must Be Addressed
We would be remiss if we do not mention that the production of SAF involves 
environmental challenges that need to be addressed to ensure their sustainability 
and minimize negative impacts. One environmental challenge involves land use and 
deforestation. If sustainable agricultural practices are not adopted, the production 
of SAF could lead to deforestation, loss of biodiversity and competition for land 
with food crops. Water usage poses other challenges. The production of biofuels 
often requires significant water resources for irrigation, which can strain local water 
supplies and affect water quality.

https://www.atlanticcouncil.org/wp-content/uploads/2020/04/AC_SAF_0420_v8.pdf
https://www.atlanticcouncil.org/wp-content/uploads/2020/04/AC_SAF_0420_v8.pdf
https://www.safinvestor.com/news/145156/us-opens-registration-for-saf-credits-under-45z/
https://www.safinvestor.com/news/145156/us-opens-registration-for-saf-credits-under-45z/
https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard
https://rsb.org/2022/06/28/everything-you-always-wanted-to-know-about-saf-but-were-too-afraid-to-ask/
https://www.sciencedirect.com/science/article/pii/S0048969723025044
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Conclusion
As we look to the future, the trajectory of SAF seems promising. Technological advancements, 
coupled with growing environmental awareness, are encouraging the adoption of SAF across 
the aviation industry. With continued innovation, collaboration, and investment, SAF has the 
potential to pave the way toward a greener, more sustainable future for air travel. The majority 
of major oil and gas companies—such as ExxonMobil, Chevron, and Shell—are reassessing 
their refinery processes and evaluating how to effectively tackle the issue of carbon emissions 
as part of their sustainability strategies. We are keenly interested in closely examining the 
results of these efforts.

Finally, the industry should conduct a more rigorous analysis to understand what it means to 
propose large-scale use of biofuels in relation to food supply and water use. We need to get a 
good grasp of how the analysis needs to be adjusted for sustainability and how it might affect 
IATA’s goals.
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