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Battery Specific Energy has increased by � 3%/yr
(A doubling every 20-25 years)
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Change 75(6):735-758

Crabtree G., Kócs E., Trahey L., 2015. The energy-storage frontier: 
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(Breguet) Range Equation: All-Electric Aircraft

He
pp

er
le

M
., 

20
12

. E
le

ct
ric

 F
lig

ht
 –

Po
te

nt
ia

l a
nd

 Li
m

ita
tio

ns
. A

VT
-2

09
 W

or
ks

ho
p 

on
 

En
er

gy
 E

ffi
cie

nt
 Te

ch
no

lo
gi

es
 a

nd
 C

on
ce

pt
s O

pe
ra

tio
n,

 Li
sb

on
, P

or
tu

ga
l, 

pp
. 1

–3
0.





All-Electric Aircraft Market Size by Distance

S
c
h

ä
fe

r
A

.W
.,

 B
a

rr
e

tt
 S

.R
.H

.,
 D

o
y

m
e

K
.,

 D
ra

y
 L

.M
.D

.,
 G

n
a

d
t

A
.R

.,
 S

e
lf

 R
.,

 O
’S

u
ll

iv
a

n
 

A
.,

 S
y

n
o

d
in

o
s

A
.P

.,
 T

o
ri

ja
A

.J
.,

 2
0

1
9

. 
“

T
e

c
h

n
o

lo
g

ic
a

l,
 E

c
o

n
o

m
ic

 a
n

d
 E

n
v

ir
o

n
m

e
n

ta
l 

P
ro

s
p

e
c
ts

 o
f 

A
ll

-E
le

c
tr

ic
 A

ir
c
ra

ft
”,

 N
a

tu
re

 E
n

e
rg

y
 4

:1
6

0
-1

6
6

.



Key Air Transportation Characteristics
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Aircraft Warming Intensity

180-Seat Narrowbody
Aircraft, Range = 400 nmi
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First-Order Cost Analysis

All-electric aircraft (180 seats, 
400 nmi) versus A320neo
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Aviation Integrated Model: Modelling Airline Behavior

• Each airline sequentially maximizes profit (P) within its network (obj. fct.)

• Three decision variables: airfare (F), flight frequency (FF), type of aircraft (a)

P = ∑ "#$ %& ' "#$ ()*& − ∑ ∑,-./0&123,5,0 ' %%5,0 − ∑ ∑,-.678,5,0 ' ()*5,0

• Set of around 10 linearized constraints

• Iteration until equilibrium

• IBM CPLEX linear programming solver

à Market size and profit-optimum business model of novel aircraft

9:9#$ ;:<=> ;:<=>?:)/. ?:)/.

Revenues Flight-related costs PAX-related costs
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Aviation Integrated Model: Sample Results – Australia 
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Simulating All-Electric Aircraft Adoption / Operation

• 156 PAX all-electric aircraft (techno-econ. characteristics similar to above)

• Airport and en-route charges remain unchanged

• Max. range 400 nmi (741 km), MEL–SYD: 381 nmi (709 km) ≈ 20% of dom. PAX

• 2015 traffic and network 

• 4 competing airlines:

• Direct operating costs VA, TT < Qanats, JQ



Preliminary Results: % Change to Reference

Avg. % Change to Reference over Network Absolute
Profits Flight Freq. PAX Avg. Fare El A/C Fleet

-6.6 4.0 -4.6 0.6 17
-11.9 -4.9 -13.2 -0.3 12

-4.3 16.5 1.3 0.3 21
24.1 88.1 41.0 2.2 11


