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THE AVIATION SECTOR: WHY ‘HARD TO ABATE'?
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THE AVIATION SECTOR: WHAT OPTIONS?

IATA's strategy towards net-zero in 2050

RESOLUTION ON THE INDUSTRY'S COMMITMENT TO
REACH NET ZERO CARBON EMISSIONS BY 2050

At the 66T IATA AGM in 2010, IATAmember airlines adopted a resolution which endorsed three ambitious

. S u St a i n a b I e Avi at i O n goals to address aviation's OOz emissions, namely: an average improvement in fuel efficiency of 1.5% per year

between 2010 and 202C: a cap on net aviation CO» emissions from 2020: and a reduction in net aviation CO2
emissions of 50% by 2050 relative to 2005 levels. Since then, a lot of progress has been made. Airlines have

F u e I SA F achieved an average annual improvement in fuel efficiency of over 2%, with a cumulative improvement
between 2009 and 2019 of 21.4%, largely through the investment of hundreds of billions of dollars in more
efficient aircraft.

Meeting aviation's climate goals cannot be achieved with a standalone commitment and action by airlines.

Governments must implement constructive policy frameworks that focus on preduction incentives for
sustainable aviation fuels (SAF) and helps to realize cost-effective new technologies that together will support

N eW t e C h n O I O g i e S the Paris Agreement objt and secure a st future for aviation.

Ajrcraft and engine manufacturers, fuel-producing companies, airports, and air navigation services providers
must each individually take responsibility to address the environmental impact of their policies, products, and
activities.

3%

Collectively. all industry stakeholders must work together to deliver sustainable products and services and
ultimately break aviation's dependance on fossil fuels.

RESOLUTION
. I n fra St ru C-t u re a n d The 77" IATA Annual General Meeting:
operationa | Gon anc reama e aioes. ot for i (A Corban O eting i Fesucton Stama or

International Aviation (CORSIA) as an effective measure to stabilize net emissions from international aviation at

effl C I e n C I e S 2019 levels in the short- to medium-term.

Calls on ICAO to provide strong unwavering leadership that aligns governments to address aviation emissions
through a global approach with coordinated policies, rather than a patchwork of regional, national, or local
measures.

Calls on the governments of ICAD Member States to agree on a long-term goal equivalent to the ambition of

Offsets and carbon
the industry and ensure that:

C a pt u re + the industry’s action is supported by a coherent and coordinated policy framework which drives innovation
and initiative: and
+ does not refy on cost-ineffective instruments with little or no environmental benefits such as ticket and
carbon taxes.

Encourages all IATA member airlines to continue to improve the efficiency of their operations to achieve
sustained in-sector emissions reductions and to lead the urgent transition to sustainable aviation fuel.

October 2021
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https://www.iata.org/contentassets/dcd25da635cd4¢c3697b5d0d8ae32e159/iata-agm-resolution-on-net-zero-carbon-emissions.pdf
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SUSTAINABLE AVIATION FUELS

Feedstocks

Edible oil crops / sugars

Waste & residues lipids

Wood residues

Algae

Technology pathways

ASTM(1) approved pathways

MSW (biogenic)

MSW (non-biogenic)

Carbon monoxide (CO)

Carbon dioxide (CO,)

Hydrogen

ﬂ Low Carbon Electricity

FT Fischer-Tropsch Paraffinic 50%
Kerosene (FT-SPK)

HEFA | Hydroprocessed Esters and 50%
Fatty Acids (HEFA-SPK)

SIP Hydroprocessed fermented 10%
Synthesized Isoparaffins

FT-A FT SPK with Aromatics 50%

ATJ Isobutanol and Ethanol to Jet 50%
Synthesized Paraffinic Kerosene

CHJ Catalytic hydrotherolysis jetfuel | 50%

HHC Biological derived hydrocarbons | 10%

from algae
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RESEARCH QUESTION

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

MIT Economic Projection and Policy Analysis (EPPA) Model

PRIMARY FACTORS

INCOME

o= .y
\’ ‘ Region C
CONSUMER ) PRODUCER wl
SECTORS Region A ’ SECTORS
\ | ’ Region B EPPA regions:
EXPENDITURES AFR Africa JPN Japan
- i ANZ Australia & KOR Korea

B New Zealand
ASl  Dynamic Asia
BRA Brazil

CAN Canada

CHN China

EUR Europe (EU+)
IDZ Indonesia
IND  India

LAM Other Latin
America

Middle East
Mexico
Other East Asia
Other Eurasia
RUS Russia
USA United States

GOODS & SERVICES
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Covers all sectors of economy, with additional
detail in energy sectors

Non-Energy Sectors

Crops

Livestock Iron & Steel
Forestry Cement
Food Chemicals

Non-Ferrous Metals
+ low-carbon options

Energy-Intensive Industry
Manufacturing

Service

Commercial Transport

Household Transport Fischer-Tropsch fuels
Energy Sectors Biofuels
Crude Oil
Refined Oil Current Generation
Liquid Fuel from Biomass Advanced Biofuel
Oil Shale
Coal
Natural Gas (conv., shale, tight) Conv. Fossil (coal, gas, oil)
Electricity Adv. Fc_)ssil (NGCC, Adv Coal)
Synthetic Gas (from 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

https://doi.org/10.4236/Ice.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 CO
2
pressure
- Exothermic reaction Electricity

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

2¢€

Water electrolysis: 34 H.O - 34H.,+17 0,
Reverse water gas shift: 11C0,+11H,. — 11CO0+11H.0
FischerTropsch synthesis & upgrading: 11CO+ 23 H, -  CyHu +11H0
Total: 12H;0+11C0; = CyHy + 170,

> Synthetic jet
fuel
> Syn. diesel

Electrolysis + RWGS +

Fischer-Tropsch reaction +
distillation

» Syn. gasoline

Cost shares of the FT plants implemented in EPPA
12%

8% = Labor
') = Capital
‘ = CO2

= Electricity

https://globalchange.mit.edu/sites/default/files/MITJPSPGC_Rpt238.pdf



https://globalchange.mit.edu/sites/default/files/MITJPSPGC_Rpt238.pdf

MODELING OF SYNTHETIC JET FUELS IN EPPA

Aviation sector

‘Fossil’ jet
fuel

Grid

electricity
Fossil CO,

Industry with CO,,

capture
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Climate-neutral
jet fuel

Climate-neutral oil

‘Fossil’ oil

Climate-
neutral CO,

DAC &
Bioenergy with CO,

~350 $/tCO,



SCENARIOS

All scenarios are consistent with the Paris Agreement

| Name | Reference | SARSS | SAFIO0 | SARGST | SAFSSIND

Scope All SAF All SAF (biojet and FT) Only FT iny FT from
industry

Share of SAFin  N/A 65% 100% 100% 100%

2050

SAF penetration constraint

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100
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Jet fuel production [EJ]

25

RESULTS - JET FUEL YIELD

Global jet fuel yield in the Reference scenario

m CONVJET
mBIOJET

mCONVJET  Conventional jet fuels
mBIOJET Biojets
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Jet fuel production [EJ]

Global jet fuel yield in the SAF65 scenario
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Jet ful production [EJ]

25

RESULTS - JET FUEL YIELD

Global jet fuel yield in the Reference scenario

m CONVJET
mBIOJET

mCONVJET  Conventional jet fuels
mBIOJET Biojets
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Jet ful production [EJ]

25

Global jet fuel yield in the SAF100 scenario

= SYNJETN
m CONVJET
m BIOJET
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Jet fuel production [EJ]

RESULTS - DEPLOYING JET FUELS

Global jet fuel yield in the SAF65-FT scenario
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Global jet fuel yield in the SAF65-IND scenario
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RESULTS - PRICES
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Relative prices of jet fuel among regions of the world over time
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Australia and NZ
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C02 emissions[MtCO,]

RESULTS - CO2 EMISSIONS
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CO, emissions of the aviation sector in the five scenarios

Reference

e SAF65

 From 2050 and forward, the global electricity is net negative
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CONCLUSION

1.
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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.

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.

Although synthetic jet fuels are expensive, they do not generate indirect CO, emissions and
enable the aircraft to generate fewer emissions compared to biofuels (cradle to gate)

Synthetic jet fuels made of fossil CO, captured from the industry sector are not interesting
due to the expensiveness and the CO, it generates.

Deploying biojets early and massively enables to benefit from the learning-by-doing effect
and eliminates direct CO, emissions of the aviation in 2050.
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Next steps

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

FUTU R E I M P ROVEM EN TS Sensitivity analysis to the cost of DAC

Limit the availability of negative emissions in the Reference scenario

Aviation sector

Fossil jet Climate-neutral
fuel j et fuel
Grid
electricity
Dedicated Climate-neutral oil
renewables ” > Fossil oil
A T
Fossil CO, Climate-

neutral CO,

Industry with CO,,

Bioenergy with CO, ~200 $/tCO,

s | PSLB# capture capture & DAC ~500 $/tC0O, -
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THANK YOU!
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Feel free to contact me at

lucas.desport@minesparis.psl.eu
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ANNEX: NESTING STRUCTURE OF SYNTHETIC JET FUELS
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pd(roil)

psaf

jetcarb

pjet

pbjet

t=0

eb(ftjet)
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pd_d
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pjet
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