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 Global bio-energy potential

e Solar fuels

e All-electric aircraft
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The long-term substitution

Global bio-energy

Global potentials for primary bioenergy in 2050 and the
EJyr!  projected world energy demand, expressed in EJ yr-.
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Drop-in capable hydrocarbon fuels
— Lowest system barrier
— Very high exergy density

Non-drop-in fuels

Electric energy carriers

Basic considerations for
long-term energy options vZ
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» Drop-in capable hydrocarbon fuels
— Lowest system barrier
— Very high exergy density

* Non-drop-in fuels

» Electric energy carriers
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» Drop-in capable hydrocarbon fuels
— Lowest system barrier Reverse
— Very high exergy density combustion
— CO, becomes a resource!
* Non-drop-in fuels

» Electric energy carriers
Combustion



» Drop-in capable hydrocarbon fuels

— Lowest system barrier

— Very high exergy density

— CO, becomes a resource!
* Non-drop-in fuels

» Electric energy carriers

dOHSHHOM

Solar thermochemical
reactor

Quartz Window
Reverse P o e
combustion puspirrs

Alumina Insulation

Porous Cerna

Il O:xyoan Evolution Half-Cycle
Il Fusl Producion Hall-Cycle

Purge Gas, O; H; CO

From: ,High-Flux Solar-Driven Thermochemical Dissociation of CO2 and
H20 Using Nonstoichiometric Ceria“, Chueh et al., Science 330, 1797
(2010)
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Drop-in capable hydrocarbon fuels
— Lowest system barrier
— Very high exergy density
— CO, becomes a resource!
Non-drop-in fuels

Electric energy carriers

Theoretical potential of
STL versus BTL

fficiency (Solar to Kerosene)
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— Lowest system barrier
— Very high exergy density
— CO, becomes a resource!
* Non-drop-in fuels
— High system barriers

» Electric energy carriers



X\ ICAO AVIATION AND
SUSTAINABLE
ALTERNATIVE FUELS

=
=
s

dOHSHHOM

» Drop-in capable hydrocarbon fuels
— Lowest system barrier
— Very high exergy density
— CO, becomes a resource!
* Non-drop-in fuels
— High system barriers

— Require great primary benefits to
offset cost of implementation

» Electric energy carriers
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Drop-in capable hydrocarbon fuels
— Lowest system barrier
— Very high exergy density
— CO, becomes a resource!
Non-drop-in fuels
— High system barriers

— Require great primary benefits to
offset cost of implementation

Electric energy carriers

Radiation
energy

Chemical
energy

Electrical
energy

Motive
power
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» Drop-in capable hydrocarbon fuels
— Lowest system barrier

— Very high exergy density Er?grlgson
— CO, becomes a resource!
* Non-drop-in fuels
— High system barriers Electrical
— Require great primary benefits to Ba energy
offset cost of implementation attery
_ _ technology ectrical
« Electric energy carriers Electrica
— Radical redesign of power systems Votor energy
and aircraft architectures
, _ technology Motive
— Low exergy density (but rapid progress)
power

— Zero emission, flexibility in choice of primary energy
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feasibility assessment

Zero emission

Exergy (useable energy): the energy
density is an insufficient criterion for
assessing the feasibility of electric flight

Ragone metrics: Exergy and power
densities are the key indicators for
electric aircraft feasibility in the
comparison of alternative power
sources
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 Global bio-energy potential
— High-resolution assessment in progress"
— BTL efficiency now 0.3%, later 3%

e Solar fuels
— Potential high-yield pathway
— CO, becomes a resource

o All-electric aircraft
— Ragone metrics based feasibility assessment
— Potential zero-emission aircraft
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