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1. Motivation

-

Is it possible to reduce the CO2 emissions caused by the aviation
iIndustry without compromising on other aspects? (travel time,
comfort, logistics...)

~

What are the possible alternatives?




2. Today's Air Travel. two case
studies

e To analyse the emissions caused by different means of
transportation in different situations, two particular
cases were studied:

o Porto - Barcelona (Portugal + Spain)
o Coérdoba - Tucuman (Argentina)

e Main characteristic:

o Cities with no direct connections by train




Case Study: Porto - Barcelona

e Travel options available:

s Girona
§ B Y . )
¢ i . oy Valladoid L] Saragoga Lo A. | . C
R e Y Ir trave Bus + train ar
Vise \f : 1 o
m { e 2~
r N i el Porto — Lisbon
i 2: B | Tolede: ca
Portugal =8
€1}

—| Direct flight - —Madrid - Electric/

Conventional
s Barcelona

(e
o o
GRS [ S R SR S g, 7 Alicanil
B o KN A e (- Elcheo
Murcia
Cérdol ) k k
m@ d3h o Joén Lo cartagend | 900 m m 1607 kl n ] 1127 m
) '
/ clo =3
o s )
\:va:ada
A Alg
m witlda Almeria s
dis Goodle: Blida'
=2 - oLl

Source: Google Maps - 1h45 - 13h — 12h10/10h55




Case Study: Porto - Barcelona

e Transports chosen:

o Conventional aircraft ATR 72-600 (load factor: 80% max capacity)
o Car Volkswagen Golf using diesel (occupancy rate: 2 pax)

o Electric car Tesla Model 3 (occupancy rate: 2 pax)

o Public transportation available (train + bus)

e Inall cases, only direct emissions are considered




CO2 emission factor (kgCO2/pax)
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Case Study: Cordoba - Tucuman

e Travel options:
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Case Study: Cordoba - Tucuman

e Transports chosen:
o Conventional aircraft Embraer RJ-190 (load factor: 83%)
o Car Volkswagen Golf using gas (occupancy rate: 1.6)
o Bususingdiesel (35 pax per service)
o Traindiesel-electric (T-R: 422, R-C: 237 average pax/train)

e |nall cases, only direct emissions are considered




Case Study: Cordoba - Tucuman
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Reinvent Air Travel

Kerosene produces an unacceptable quantity of CO2
emissions.

Is there a better alternative to conventional aviation?

Two innovative alternatives are proposed:

o Electricaircraft
o Aircraft using hydrogen propulsion
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Electric vs. Conventional Aircraft

e Theelectricaircraft is a good solution to provide a fast
travel time while having lower CO2 emissions than when
using a conventional aircraft.

[

Conventional Aircraft:
ATR 72-600

[ Electric Aircraft: Alice ]

Alice aircraft by Eviation
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Electric vs. Conventional Aircraft

Material extraction and production

Airports Life-cycle

CO2 emissions

in g per km per
pax

Aircraft production

Battery production

Kerosene production

Aircraft data Electricity production Kerosene combustion

Tool composed of models that compute
CO2 emissions associated to each phase
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Electric vs. Conventional Aircraft

e CO2emissions for the electric aircraft are highly
dependable on the production of electricity.

€02 Emissions associated to the production of electricity (gCO2/kWh) per country
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Electric vs. Conventional Aircraft

Comparison of CO2 emissions depending on the electricity mix of the country
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Electric vs. Conventional Aircraft

e Results for the applied to the study cases:

900 km
142 gCO2/kWh

Porto-Barcelona:

520 km
351 gCO2/kWh

J Tucuman-Cordoba:
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Electric vs. Conventional Aircraft

e What percentage of the population can benefit of the
advantages of an electric aircraft nowadays?

3
743 million hab 6%
———
4 663 million hab 41% [ 46% ]

Benefit Do not benefit Not studied
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Electric vs. Conventional Aircraft

Electric aircraft can greatly decrease CO2 emissions for air travel

But...

é Y
Emissions depend on countries manner of producing electricity

A S

4 Y
Solution is only feasible for short haul flights (technological limitations)

\ v

4 Y
Aircrafts under development have a small number of seats

\, v
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CO2 emissions of an A320 modified
to use hydrogen

e Lack of direct carbon emissions

e Up to 80% less nitrogen emissions

e A kilogram of liquid hydrogen contains 2.8 more energy than a
kilogram of kerosene SFCy < SFCg

e Hydrogen is abundant on Earth (renewable, price)

e Hydrogen production based in fossil fuel is not a sustainable
solution

e High volumes are required: hydrogen density is 10 times lower
than kerosene density

e Liquid hydrogen must be stored at very low temperatures, so
tanks are very heavy
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CO2 emissions of an A320 modified
to use hydrogen
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(SFC =1.65837e-05 [kg/N/s]
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CO2 emissions of an A320 modified

to use hydrogen
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CO2 emissions of an A320 modified
to use hydrogen

"Well to wake" CO2 emissions

I Kerosene
—i— | H - Fossil electrolysis
—a#— | H - Low-carbon electrolysis

3
S
= 0.5 1
1]
a
)
S 04-
g
[Fa)
£ 03
A
A
E
w02 A
L)
=]
L
Ol s rrrrrrrrrreeee
4000 4500 5000 5500 BO00

Range [km]




Hydrogen vs. Conventional

e Resultsfor the (low-carbon hydrogen
production) applied to the study cases (only fuel "well to
wake" emissions are considered):

Porto-Barcelona:

Tucuman-Coérdoba:
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CO2 emissions of an A320 modified
to use hydrogen
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Conclusions

Are Electricity and Hydrogen the solutions to reduce CO, emissions?

[ Electric aircraft ]

Emissions depend on production of electricity

N

Non-homogeneous value of kgCO2/pax/km

\

Technical limitations that lead to short range

[ Hydrogen aircraft ]

Emissions depend on production of hydrogen

Key development: lighter hydrogen tanks

\

New designs to store high volumes of fuel
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