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Costs and Ecological Benefits of Different Fuels
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After: Frohwein, J. (2025) Propulsion system innovations for climate-friendly aviation – a cost perspective. ETC2025-IL5 



Institute of Thermal Turbomachinery

and Machine Dynamics

Burning H2 and Its Carriers

3

0.2

0.4

0.6

0.8

1.0

1.2

-6 -4 -2 0 2 4 6

R
e

l.
 C

o
m

p
re

s
s

o
r 

S
u

rg
e

 M
a

rg
in

 [
-]

IGV Adjustment Angle [deg]

f)

0.9

1.0

1.0

1.1

1.1

1.2

1.2

-6 -4 -2 0 2 4 6R
e
l 
C

o
m

p
re

s
s
o

r 
P

re
s
s
u

re
 R

a
ti

o
 t

t 
[-

]

IGV Adjustment Angle [deg]

e)

24.0

25.0

26.0

27.0

28.0

29.0

30.0

-6.0-4.0-2.00.02.04.06.0

C
o

m
p

re
s
s
o

r 
In

le
t 

M
a
s
s
 F

lo
w

 
[k

g
/s

]

]

H-Gas

Hyd 100%

Hyd 30%, Amm 70%

Hyd 20%, Amm 80%

Hyd 10%, Amm 90%

Methanol

Hyd 100%, Increased Cooling

Max Temperature

0.9

1.0

1.1

1.2

1.3

1.4

1.5

-6 -4 -2 0 2 4 6

R
e

l.
 M

e
c

h
a

n
ic

a
l 
S

h
a

ft
 P

o
w

e
r 

[-
]

IGV Adjustment Angle [deg]

b)

0.96

0.97

0.98

0.99

1.00

1.01

1.02

1.03

-6 -4 -2 0 2 4 6

R
e

l.
 T

u
rb

in
e

 I
n

le
t 

T
e

m
p

e
ra

tu
re

 [
-]

IGV Adjustment Angle [deg]

a)

0.96

0.98

1.00

1.02

1.04

1.06

1.08

1.10

-6 -4 -2 0 2 4 6

R
e

l.
 S

h
a

ft
 T

h
e

rm
a

l 
E

ff
ic

ie
n

c
y
 [

-]

IGV Adjustment Angle [deg]

g)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

-6 -4 -2 0 2 4 6

R
e

l.
 F

u
e

l 
M

a
s

s
 F

lo
w

  
[-

]

IGV Adjustment Angle [deg]

c)

0.93

0.95

0.98

1.00

1.03

1.05

1.08

1.10

-6 -4 -2 0 2 4 6R
e
l.

 M
a
s
s
 F

lo
w

 a
t 

T
u

rb
in

e
 O

u
tl

e
t 

[-
]

IGV Adjustment Angle [deg]

d)

0.2

0.4

0.6

0.8

1.0

1.2

-6 -4 -2 0 2 4 6

R
e
l.

 C
o

m
p

re
s

s
o

r 
S

u
rg

e
 M

a
rg

in
 [

-]

IGV Adjustment Angle [deg]

f)

0.9

1.0

1.0

1.1

1.1

1.2

1.2

-6 -4 -2 0 2 4 6R
e
l 
C

o
m

p
re

s
s
o

r 
P

re
s
s
u

re
 R

a
ti

o
 t

t 
[-

]

IGV Adjustment Angle [deg]

e)

24.0

25.0

26.0

27.0

28.0

29.0

30.0

-6.0-4.0-2.00.02.04.06.0

C
o

m
p

re
s
s
o

r 
In

le
t 

M
a
s
s
 F

lo
w

 
[k

g
/s

]

]

H-Gas

Hyd 100%

Hyd 30%, Amm 70%

Hyd 20%, Amm 80%

Hyd 10%, Amm 90%

Methanol

Hyd 100%, Increased Cooling

Max Temperature

0.9

1.0

1.1

1.2

1.3

1.4

1.5

-6 -4 -2 0 2 4 6

R
e
l.

 M
e

c
h

a
n

ic
a

l 
S

h
a

ft
 P

o
w

e
r 

[-
]

IGV Adjustment Angle [deg]

b)

0.96

0.97

0.98

0.99

1.00

1.01

1.02

1.03

-6 -4 -2 0 2 4 6

R
e
l.

 T
u

rb
in

e
 I
n

le
t 

T
e

m
p

e
ra

tu
re

 [
-]

IGV Adjustment Angle [deg]

a)

0.96

0.98

1.00

1.02

1.04

1.06

1.08

1.10

-6 -4 -2 0 2 4 6

R
e
l.

 S
h

a
ft

 T
h

e
rm

a
l 
E

ff
ic

ie
n

c
y
 [

-]

IGV Adjustment Angle [deg]

g)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

-6 -4 -2 0 2 4 6
R

e
l.

 F
u

e
l 
M

a
s

s
 F

lo
w

  
[-

]

IGV Adjustment Angle [deg]

c)

0.93

0.95

0.98

1.00

1.03

1.05

1.08

1.10

-6 -4 -2 0 2 4 6R
e
l.

 M
a
s
s
 F

lo
w

 a
t 

T
u

rb
in

e
 O

u
tl

e
t 

[-
]

IGV Adjustment Angle [deg]

d)

Source: Petrovic, M.V., Petkovic, D., Milic, S., Wiedermann, A., Krewinkel, R. (2025) Comprehensive Method for Predicting 

Gas Turbine Cycle Performances Considering the Impact of Various Fuels, ASME GT2025-154023

~Stability~Stability

30%

50%

100%

110%

~
L
if
e
ti
m

e



Institute of Thermal Turbomachinery

and Machine Dynamics

Boundary Conditions for Combustion
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Emissions are driven by atomization:
- Viscosity of the fuel
- Surface tension
- Pressure

As well as evaporation:
- Temperature of the ambient
- Pressure of the ambient
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The ITTM Test Rig 
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Schematics of the SAF-Combustion Chamber
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Laser-Optical Measurements of SAF-Flames
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New Developments: MRI
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New Developments: The Application of AI 
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Source: Tasamany, S. et al. (2025) Reconstruction of Refractive Index Gradients in a Reactive Turbulent Flow Based on U-

Net Supervised Reconstruction Towards the Investigation of Thermoacoustic Oscillations, SPIE
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Summary & Conclusion
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Hydrogen-based fuels are more cost-effective than SAFs, but require major 
adaptations in the engine infrastructure.

The combustion characteristics heavily depend on the boundary conditions.

New developments hold great promise for more detailed and accelerated 
development of SAF combustion systems.
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