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[bookmark: _Ref190332214]Table 1: Low ratio and high ratio SAF output for each conversion pathway.
	Conversion pathway
	Low ratio
	High ratio
	Source

	HEFA
	0.14
	0.80
	[1-3]

	Co-processing
	0.1
	0.1
	[4]

	Alcohol-to-Jet
	0.5
	0.9
	[1, 5-7]

	Fischer-Tropsch
	0.4
	0.73
	[1, 8]

	Power-to-Liquid
	0.2
	0.73
	[1, 8]

	Catalytic Hydrothermolysis (CH)
	0.32
	0.48
	[9, 10]

	Pyrolysis
	0.25
	0.52
	[1, 11]



[image: ]SAF production involves co-products as part of the facility’s output (e.g., renewable diesel, naphtha, etc.) and, the announcements provided vary in detail on specific products’ volumes. While some announcements explicitly specify each product's output volumes, including SAF capacity volumes;  many announcements only disclose the total fuel output, including both SAF and co-products. For these announcements, the total fuel output (SAF and co-products) is adjusted using a range of possible SAF ratios to estimate the SAF production capacity. This range includes a minimum and maximum SAF ratio determined based on the conversion pathways. Table 1 provides the low and high SAF ratios assumed in this work. Adjusting the capacity by using the low and high ratio define a range of SAF capacity values, that is employed in this analysis.
[bookmark: _Ref190337783]Figure 1: Expected capacity to be operational by 2024 and by 2030 globally (panel a and b) and in the EU (panel c and d), categorized by current status. All values are derived using the average jet fuel ratio. FID: Final Investment Decision; FEED: Front-End Engineering Development.
Figure 1 provide insights into the status of announced SAF capacity (for 2024 and 2030 globally and in the EU) by conversion technology, highlighting three key points. First, inactive capacity (i.e., failed, paused, or no update) exceeds completed capacity. Specifically, at global level, 31% (2.79 Mt/year) of the 9.08 Mt announced capacity to be operational by 2024, has failed or been paused, compared to 2.21 Mt (24%) of completed capacity. Inactive capacity increases to 3.81 Mt when considering the expected capacity by 2030, indicating that some projects planned for operation in the following years have already been canceled or halted. Similarly, in the EU, the inactive capacity accounts for 29% whereas the completed capacity is 26% of the total expected by 2024 and 13% of the announced capacity by 2030 has already failed or been paused. Second, delays dominate the expected capacity. Globally, by 2024, 4.08 Mt (45%) of the expected capacity is under construction, backed by FID, in the FEED or early feasibility stage, meaning the completion of these projects has been delayed to 2025 or beyond. Combined with inactive capacity, 76% of the announced SAF capacity for 2024 was not realized on time. Of the delayed capacity, 3.1 Mt is in the advanced development stage (i.e., under construction, FID, or FEED), while the rest remains in the early development stages. In the EU, the delayed capacity also accounts for 45% and, 74% of the total expected capacity has not been realized according to announced plans. Third, similar trends persist by 2030. Only 6% of the announced capacity has been realized both at global and the EU level. A higher share of projects (10% and 13%) has already failed or been paused. Globally, 84% of the announced capacity remains under development, half of which is in the early stages. The capacity still under development is 81% in the EU, with approximately 37% still being in early development stages. Globally, only 9.9 Mt of announced capacity to be realized by 2030 is backed by a final investment decision as of the end of 2024. Therefore, the significant fraction of SAF capacity projects still in the early development stages along with eventual delays in projects that are currently at an advanced stage indicate a high likelihood that the realization gap will grow in the coming years.


[image: ]
Figure 2: Global historical data and exponential fit of solar and wind energy capacity, biofuels and ethanol production (Left Y axis). Computed growth rates are shown in green (Right Y axis). The emergence growth rates in the following years were selected for the stochastic diffusion model. Solar: 2000 – 2009; Wind: 1997 – 2006; Biofuels: 1999 – 2007; Ethanol: 1999 – 2007.
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Figure 3: EU historical data and exponential fit of solar and wind energy capacity, biofuels production and ethanol refining capacity (Left Y axis). For the ethanol production, the global data and growth rates also also employed for the EU case. Computed growth rates are shown in green (Right Y axis). The emergence growth rates in the following years were selected for the stochastic diffusion model. Solar: 2000 – 2009; Wind: 1997 – 2006; Biofuels: 1996 – 2005; Ethanol production: 1999 – 2007. 
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Figure 4: Emergence growth rate distributions computed using solar and wind, biofuels and ethanol, and oil refining historical growth rates, globally and in the EU.
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Figure 5: Global SAF capacity potential scale-up out to 2050 computed with biofuels and ethanol growth rates (panel a) and solar and wind growth rates (panel b), in the case of low aviation traffic (low demand). The corresponding 2050 ICAO target is defined by the F2 - LOW scenario. With solar and wind growth rates, the median capacity in 2050 is 438 Mt/year (IQR of 399 – 452 Mt/year), which is 6.4% lower than the policy target (468 Mt/year).
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Figure 6: Global SAF capacity potential scale-up out to 2050 computed with biofuels and ethanol growth rates (panel a) and solar and wind growth rates (panel b), in the case of medium aviation traffic (medium demand). The corresponding 2050 ICAO target is defined by the F2 – MEDIUM scenario. With solar and wind growth rates, the median capacity in 2050 is 537 Mt/year (IQR of 500 – 557 Mt/year), which is 6.8% lower than the policy target (577 Mt/year).
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Figure 7: Global SAF capacity potential scale-up out to 2050 computed with biofuels and ethanol growth rates (panel a and b) and solar and wind growth rates (panel c and d). Each figure row represent the potential scale-up computed considering zero (panel a and c) and two years (panel b and d) demand anticipation to reach the SAF policy target in 2030 and 2050. In 2050, with solar and wind growth rates and 2 years demand anticipation, the median SAF capacity is 653 Mt/year (IQR of 588-673 Mt/year), which is 4.7% below the target (685 Mt/year). The 95th percentile approaches the target and it equals to 681 Mt/year. 
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Figure 8: EU SAF capacity potential scale-up out to 2050 computed with biofuels and ethanol growth rates (panel a) and solar and wind growth rates (panel b), in the case of low aviation fuel burn, as defined in [12]. More details on EU 2050 SAF Mandate target in Methods. With solar and wind growth rates, the median SAF capacity in 2030 equals to 2.3 Mt/year (IQR of 1.9 – 2.6 Mt/year). In 2050, the median SAF capacity is 29.2 Mt/year (IQR of 27.0-29.9 Mt/year) and 95th percentile is 30.3 Mt/year. 
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Figure 9: EU SAF capacity potential scale-up out to 2050 computed with biofuels and ethanol growth rates (panel a) and solar and wind growth rates (panel b), in the case of high aviation fuel burn, as defined in [12]. More details on EU 2050 SAF Mandate target in Methods. With solar and wind growth rates, the median SAF capacity in 2030 equals to 2.3 Mt/year (IQR of 1.9 – 2.6 Mt/year). In 2050, the median SAF capacity is 38.5 Mt/year (IQR of 35.1-39.6 Mt/year) and 95th percentile is 40.0 Mt/year. 


[image: ]Figure 10: EU SAF capacity potential scale-up out to 2050 computed with biofuels and ethanol growth rates (panel a and b) and solar and wind growth rates (panel c and d). Each figure row represent the potential scale-up computed considering considering zero (panel a and c) and two years (panel b and d) demand anticipation to reach the SAF policy target in 2030 and 2050. In 2050, with solar and wind growth rates and 2 years demand anticipation, the median SAF capacity is 34.6 Mt/year (IQR of 32.3-35.3 Mt/year), which is 3% below the target (35.7 Mt/year). The 90th percentile approaches the target and it equals to 35.5 Mt/year. 
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Figure 11: Yearly CAPEX investment in global SAF capacity additions (panel a), cumulative CAPEX investment in SAF Capacity following the solar and wind growth rates (panel b, blue bar) and required cumulative CAPEX investment to meet the ICAO LTAG 2050 Fuel Demand (panel b, orange bar).
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