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THE AVIATION SECTOR: WHY ‘HARD TO ABATE’?

• Roughly 2% of global GHG emissions

• Long lifespan of airplanes

• Costly alternatives

• Hard to electrify

• Safety constraints

IEA, Direct CO2 emissions from fossil jet kerosene combustion in the Net Zero Scenario, 2000-2030, IEA, Paris https://www.iea.org/data-and-
statistics/charts/direct-co2-emissions-from-fossil-jet-kerosene-combustion-in-the-net-zero-scenario-2000-2030
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THE AVIATION SECTOR: WHAT OPTIONS?

IATA. 2021. “Resolution of the Industry’s Commitment to Reach Net Zero Carbon Emissions by 2050.” 
https://www.iata.org/contentassets/dcd25da635cd4c3697b5d0d8ae32e159/iata-agm-resolution-on-net-zero-carbon-emissions.pdf.
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IATA's strategy towards net-zero in 2050

Sustainable Aviation
Fuel (SAF)

New technologies

Infrastructure and
operational
efficiencies

Offsets and carbon
capture

https://www.iata.org/contentassets/dcd25da635cd4c3697b5d0d8ae32e159/iata-agm-resolution-on-net-zero-carbon-emissions.pdf
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SUSTAINABLE AVIATION FUELS

Feedstocks Technology pathways Blending Components Drop-in Jet

B

I

O

Edible oil crops / sugars

Waste & residues lipids

Wood residues

Algae

MSW (biogenic)

R

C

F

MSW (non-biogenic)

Carbon monoxide (CO)

Carbon dioxide (CO2)

Hydrogen

E Low Carbon Electricity

ASTM(1) approved pathways
Blend 
limit

FT Fischer-Tropsch Paraffinic
Kerosene (FT-SPK)

50%

HEFA Hydroprocessed Esters and 
Fatty Acids (HEFA-SPK)

50%

SIP Hydroprocessed fermented
Synthesized Isoparaffins

10%

FT-A FT SPK with Aromatics 50%

ATJ Isobutanol and Ethanol to Jet 
Synthesized Paraffinic Kerosene

50%

CHJ Catalytic hydrotherolysis jetfuel 50%

HHC Biological derived hydrocarbons
from algae

10%

SBC(2) CBC(3) SAF

(1) ASTM – American Society for Testing and Materials. Fuel specification approvals by CAAFI (Commercial Aviation Alternative Initiative) in the US

(2) SBC – Synthetic Blending Component (commonly called neat SAF on the market)

(3) CBC – Conventional Blending Component (conventional jet fuel)
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RESEARCH QUESTION

(1) ASTM – American Society for Testing and Materials. Fuel specification approvals by CAAFI (Commercial Aviation Alternative Initiative) in the US

(2) SBC – Synthetic Blending Component (commonly called neat SAF on the market)

(3) CBC – Conventional Blending Component (conventional jet fuel)

→In terms of economics and environmental impacts, how synthetic jet 
fuels can contribute to the decarbonization of the aviation sector in the 
long run?

- How does it compete with biojets?

- How does it affect prices and demands for jet fuels globally?
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THE MIT EPPA MODEL

• Computable General Equilibrium (CGE) model of the world 

economy with regional and sectoral detail

• Goal: economy, energy, and emissions projection

• Recursive dynamic (maximization of welfare)

• International trades

• Endogenous prices, investments & Capital accumulation
Conv. Fossil (coal, gas, oil)

Adv. Fossil (NGCC, Adv Coal)

Coal with CCS

Coal + Bio Co-firing w/ CCS

Gas with CCS

Gas with Advanced CCS

Nuclear

Advanced Nuclear

Hydro

Solar

Wind

Renewables with Backup

Biomass

Biomass with CCS

Covers all sectors of economy, with additional 
detail in energy sectors

Non-Energy Sectors
Crops
Livestock
Forestry
Food
Energy-Intensive Industry
Manufacturing
Service
Commercial Transport
Household Transport

Energy Sectors
Crude Oil
Refined Oil
Liquid Fuel from Biomass
Oil Shale
Coal
Natural Gas (conv., shale, tight)
Electricity
Synthetic Gas (from Coal)

Iron & Steel

Cement

Chemicals

Non-Ferrous Metals

+ low-carbon options

Current Generation

Advanced Biofuel

Fischer-Tropsch fuels

Biofuels

Chen, Yen-Heng Henry, Sergey Paltsev, Angelo Gurgel, John M. Reilly, and Jennifer Morris. 2022. “A Multisectoral Dynamic Model for Energy, Economic, 
and Climate Scenario Analysis.” Low Carbon Economy 13 (02): 70–111. https://doi.org/10.4236/lce.2022.132005.

https://doi.org/10.4236/lce.2022.132005
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MODELING OF SAF IN EPPA

→ The modeling of biojet was already 
present in the model (Winchester et al., 
2013)

→ The Fischer-Tropsch technology for 
synthetic jet fuels

- Low temperature and low 
pressure 

- Exothermic reaction

- Synthetic fuels are 4 to 5 times more 
expensive than convention jet fuel

Electrolysis + RWGS + 
Fischer-Tropsch reaction + 

distillation

CO2

Electricity

Synthetic jet 
fuel
Syn. diesel

Syn. gasoline

12%

8%

16%
64%

Cost shares of the FT plants implemented in EPPA

Labor

Capital

CO2

Electricity

Winchester, Niven, Dominic McConnachie, Chrisoph Wollersheim, and Ian Waitz. 2013. “Market Cost of Renewable Jet Fuel Adoption in the United States.” 
238. MIT Joint Program on the Science and Policy of Global Change. https://globalchange.mit.edu/sites/default/files/MITJPSPGC_Rpt238.pdf.

https://globalchange.mit.edu/sites/default/files/MITJPSPGC_Rpt238.pdf
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MODELING OF SYNTHETIC JET FUELS IN EPPA

Industry with CO2

capture

DAC & 
Bioenergy with CO2

capture

Aviation sector
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Fischer-Tropsch 
process

Fischer-Tropsch 
process

Grid
electricity

Fossil CO2 Climate-
neutral CO2

Climate-neutral oil

‘Fossil’ oil

‘Fossil’ jet 
fuel

Climate-neutral 
jet fuel

~200 $/tCO2

~350 $/tCO2
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SCENARIOS

Name Reference SAF65 SAF100 SAF65-FT SAF65-IND

Scope All SAF
All SAF (biojet and FT)

Only FT Only FT from
industry

Share of SAF in 
2050

N/A 65% 100% 100% 100%

→ All scenarios are consistent with the Paris Agreement
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SAF penetration constraint
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RESULTS – JET FUEL YIELD
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RESULTS – JET FUEL YIELD
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Global jet fuel yield in the SAF100 scenario
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RESULTS – DEPLOYING JET FUELS
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RESULTS – PRICES
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RESULTS – CO2 EMISSIONS
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CO2 emissions of the aviation sector in the five  scenarios
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From 2050 and forward, the global electricity is net negative
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CONCLUSION
1. The model never chooses to combine synthetic jet fuels with biojets to decarbonize the 

aviation sector. Instead, it prefers to rely on biojets and offset the remaining emissions. 

However, our modeling does not consider the adverse impact of bioenergy production.

2. Deploying synthetic jet fuels reduces dramatically the production (and demand) of jet 

fuels globally. Jet fuels become so expensive that the global GDP is affected by 2% 

compared to the Reference scenario.

3. Although synthetic jet fuels are expensive, they do not generate indirect CO2 emissions and 

enable the aircraft to generate fewer emissions compared to biofuels (cradle to gate)

4. Synthetic jet fuels made of fossil CO2 captured from the industry sector are not interesting

due to the expensiveness and the CO2 it generates.

5. Deploying biojets early and massively enables to benefit from the learning-by-doing effect

and eliminates direct CO2 emissions of the aviation in 2050.
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FUTURE IMPROVEMENTS

Industry with CO2

capture
Bioenergy with CO2

capture & DAC

Aviation sector
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Fischer-Tropsch 
process

Fischer-Tropsch 
process

Grid
electricity

Fossil CO2 Climate-
neutral CO2

Climate-neutral oil

‘Fossil’ oil

Fossil jet 
fuel

Climate-neutral 
jet fuel

~200 $/tCO2

~500 $/tCO2

Dedicated
renewables

Next steps

→ Fischer-Tropsch processes fed with low-carbon intermittent 
electricity equipped with batteries

→ Sensitivity analysis to the cost of DAC

→ Limit the availability of negative emissions in the Reference scenario
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lucas.desport@minesparis.psl.eu

THANK YOU!

Feel free to contact me at
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ANNEX: NESTING STRUCTURE OF SYNTHETIC JET FUELS


