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The tension between policy ambition and emissions reality 
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The tension between policy ambition and emissions reality 

Increased mitigation ambition…

… meets a reality in which a continuation of historical increase in fuel efficiency is 
outpaced by traffic growth.
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The Challenge

How can you get aviation down to net 
zero (CO2) emissions?
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The option space
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How can you get aviation down to net 
zero (CO2) emissions?



What is Sustainable Aviation Fuels (SAF)? 
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SAF is made by heterogenous set
of technologies regarding
feedstock & conversion
technologies: Biomass to Liquid,
Waste to Liquid and Power to
Liquid.

SAF’s CO2 reduction can be as
high as 100% (or more), on
lifecycle basis compared to
conventional jet fuel.

SAF are drop-in fuels that can be
used up to 50% blend, but there
has been test flights with 100%
SAF.

Photo taken at the ICAO Assembly, 2022.



“Approved” SAF pathways

This flow diagram shows 
current 9 SAF pathways that are 
ASTM-certified for use in jet 
engines.
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Environmental performance and economics of SAF

8

Conv. Jet fuel GHG emissions: 89 gCO2e/MJ.

Figure based on CORSIA default LCA values for the full lifecycle, including induced land-use 
change, where applicable. For MSW , the non-biogenic share is  assumed to be 0%, no 
recycling or avoided landfill emission credits accounted for.



Environmental performance and economics of SAF

SAF shows high GHG mitigation potential, but is currently still significantly more expensive than 
conventional jet fuel.

Bann SJ, Malina R, et al.: The costs of production of alternative jet fuel: A 
harmonized stochastic assessment. Bioresource technology. 2017 Mar 
1;227:179-87.

Spot-market jet A 1 price Nov 22 2022: 0.83 $/liter
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Conv. Jet fuel GHG emissions: 89 gCO2e/MJ.

Figure based on CORSIA default LCA values for the full lifecycle, including induced land-use 
change, where applicable. For MSW , the non-biogenic share is  assumed to be 0%, no 
recycling or avoided landfill emission credits accounted for.



Current SAF usage
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SAF-using flights, 11/23/2022 1.31pm CET
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Current SAF usage
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SAF usage in the year 2022 will be less than 0.1% of total jet fuel consumption. 

All  flights, 11/23/2022 1.32pm CET
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Some recent SAF announcements

12

All headlines taken from:



Short-term SAF outlook

13

For comparison purposes, ATAG expects total 
jet fuel demand in 2025 at approx. 300,000 kt, 
so if all announcements were to become 
reality and jet fuel would be prioritized, approx. 
7% of jet demand could be satisfied by SAF in 
2025.



SAF ramp-up out to 2050 and associated GHG emissions 
reductions

Results shown are derived from a diffusion model on three SAF production scenarios that vary with regard 
to the type of facilities considered, success rates, SAF share in total output, and GHG emission reductions 
achievable. These scenarios are indicative of a policy gradient of SAF emphasis. 

SAF production in kt., by scenario
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In the high scenario, GHG emissions can be stabilized at pre-COVID levels in the 2020s and be reduced 
to around 2010 levels due to the large-scale use of SAF.  Reduction compared to 2050 BAU: 58%. 
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Required SAF CAPEX investment

Required investment in the high scenario peaks at approximately 125 bn. $, which is equivalent to 
more than 370 SAF producing facilities coming online during the peak year. For comparison 
purposes, 2019 investment into new petroleum refining capacity was approximately 54 bn. $., peak 
solar energy investment was approx. 190 bn. $.

Historical investment into energy technologies, in bn. USD
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Source: Own depiction based on IEA/EIA data.



Marginal Abatement cost curves of SAF

2030

CO2 abatement costs of SAF in 2030 can be below <100 USD per t CO2 for some highly 
mature and GHG-beneficial pathways, in case on decarbonization emphasis. 
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Marginal Abatement cost curves of SAF
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2050

By 2050, under the assumptions of aggressive policies for mitigating climate change, large 
volumes of SAF could be provided at below zero, or close to zero abatement costs.17



Net Zero in 2050?
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zero (CO2) emissions?



Net Zero in 2050 

Emissions gap. Options: Lower GHG emission SAF/ 
offsets/demand suppression/
new comm. technology

Radical new aircraft tech plus ops improv.

Sustainable aviation fuel 
(optimistic assumptions)

Combination of large scale deployment of SAF together with advanced to radical new aircraft 
technologies and accelerated operational improvements can reduce lifecycle GHG emissions to 
approx. 279 to 479 million t, which is a reduction of up to 78 % in 2050,  compared to the BaU. 

GHG emissions in Mt CO2e, by scenario
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SAF in non OECD countries and World 
Bank Activities



SAF in non-OECD countries

Developing countries are underrepresented in 
short-term SAF production plans…
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SAF in non-OECD countries

Developing countries are underrepresented in 
short-term SAF production plans…

Feedstock type Total non-
OECD

Food crops 
(starchy, sugary, vegetable oil crops) 163,229

Food crop residues 57,557
Forestry residues 16,647
Lignocellulosic energy crops 166,370
MSW 89,281
Waste FOGs 15,853
Total for all feedstocks 508,937

but that is not due to a lack of potential for 
sustainably sourced feedstock

Feedstock production potential, by type, 2050, in kt. SAF

22 Decarbonization Aviation – World Bank Webinar - Robert Malina – November 24, 2021

“Missed” opportunity, as the production of SAF could not only generate new jobs and increase 
incomes, it could also  improve environmental and health conditions due to SAF-induced 
improvements in waste management practices. 

Based on Cat 1+2 announcements, assuming high jet share in product slate
Data derived from method published in Staples, Malina et al. Aviation CO2 emissions 
reductions from the use of alternative jet fuels. Energy Policy. 2018 Mar 1;114:342-54.



Feedstock Landscape in Non-OECD Countries 

23

62190
51143 49895

68554

141070 136085

LATIN AMERICAN AND 
CARIBBEAN

ASIA AND EAST EUROPE MIDDLE EAST AND AFRICA

KI
LO

TO
N

S 
O

F 
SU

ST
AI

N
AB

LE
 A

VI
AT

IO
N

 F
U

EL
 (S

AF
)

FEEDSTOCK AVAILABILITY BY TYPE AND 
WORLD REGION

Food Crops Non-Food

32%

68%

TOTAL NON-OECD
Food Crops Non-Food



SAF Landscape in Africa 

24



Barriers for SAF production in non OECD-countries

“The	challenge	of	the	low-carbon	transition	starts	with	
tackling	the	chronic	lack	of	financing	for	productive	

investments	that	plagues	most	developing	countries	and	
the	need	to	find	new	sources	of	financing	and	to	leverage	

existing	ones.”	
2015	World	Bank	Report

One 2000 bpd MSW FT plant = 500 million USD = investment needs for Abidjan
to Ouagadougou transport corridor, or the Ruzizi III Hydropower Project.
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“The	industry	shares	a	broad	agreement	that	the	strong	
growth	in	announcements	of	SAF	projects	in	OECD	
countries	is	largely	driven	by	actual	or	expected

policies	implemented	in	those	countries	to	speed	up	the	
decarbonization	of	the	economy.	However,	very	few	non-
OECD	countries	have	introduced—or	are	actively	pursuing	
the	introduction	of—SAF-incentivizing	policies,	and	the	

lack	of	such	incentives	is	regularly
identified	as	a	major	barrier.”	
2022	World	Bank	Report



World Bank’s Effort to Decarbonize Transport
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• Developing countries face a transport financing gap of up to
$944billion annually through 2030 (WRI2016)

• The WB has set up the Global Facility to Decarbonize
Transport (GFDT)

• The GFDT will support low carbon mobility and resilient transport
solutions in three ways:

• Project design and implementation,
• Research and data, and
• Capacity building.

• Ambition is to raise $200 million overa10-year period to
invest in low-carbon transport solutions.

• Together with our partners we have raised $9million for this
initiative.

• We’re yet to raise aviation specific funding, but efforts are
underway



robert.malina@uhasselt.be

Thank you for your 
attention !

mabate@worldbank.org


