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Turboprop Electric Propulsion 
Without 

Synergistic Integration or Operations
De te rm ine  if a  hybrid-e le ctric ATR-42-like  48 pa sse nge r a ircra ft 
introduce d in the  2030 tim e  fra m e  would  be  com pe titive  with 
conve ntiona l a ircra ft for a  re giona l, short-ha ul m iss ion.

Assumptions:

• Ye a r 2030 a irfra m e  te chnology le ve l
• Pa ra lle l hybrid-e le ctric propuls ion (with va rying de gre e s  of hybrid)

• Ba tte ry portion fixe d a t 25% , 50% , 75%  powe r re quire d
• Ba tte ry spe cific e ne rgy of 500, 750, a nd 1000 Wh/kg
• Ide ntica l propuls ion-a irfra m e  inte gra tion a s  ba se line
• Wing loa ding a nd thrust-to-we ight optim ize d
• Ra nge : 600 nm
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Gross Weight and 
Empty Weight versus 

Percent Electric

Comparing the advanced 
75% electric to 0% electric:

At 500 Wh/kg: 
• 2.3X he a vie r TOGW

At 750 Wh/kg:
• 63%  he a vie r TOGW

At 1000 Wh/kg: 
• 39%  he a vie r TOGW

Ba tte ry 
Spe cific 
Ene rgy
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Without Synergistic Integration or Operations
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Battery, Fuel, and Total 
Energy versus Percent 

Electric

• Ba tte ry e ne rgy a nd fue l 
e ne rgy a re  e qua l a t 
~ 76%  e le ctric powe r

• At 500 Wh/kg, to ta l 
e ne rgy re m a ins  re la tive ly 
consta nt

• At 750 a nd 1000 Wh/kg, 
the  to ta l e ne rgy 
de cre a se s  s ignifica ntly

Ba tte ry 
Spe cific 
Ene rgy

ODM Workshop | March 8-9 4

Without Synergistic Integration or Operations



5

Total Energy Cost 
versus Percent Electric

• $3.33 per gallon for Jet-A
• $0.11 per kWh for electricity 

Comparing advanced 75% 
electric to 0% elec.
At 500 Wh/kg: 
• 10%  m ore

At 750 Wh/kg: 
• 14%  le ss

At 1000 Wh/kg: 
• 23%  le ss

Ba tte ry 
Spe cific 
Ene rgy
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Break-Even Energy Cost 
for the 75% Electric 

Advanced Turboprop

Fuel cost constant at 
$3.33 per gallon of Jet-A

Break-Even at $0.11 per kWh:
• 9%  incre a se  in to ta l 

e ne rgy cost

Break-Even at $0.08 per kWh:
• 14%  de cre a se  in to ta l 

e ne rgy cost

Bre a k-Eve n

Ba tte ry 
Spe cific 
Ene rgy
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Design Range Sensitivity (500 Wh/kg)

% Ele ctric Units 0% 75%

Ra nge nm 600 600

Tota l Fue l We ight lb 3,340 1,720

Tota l Ba tt. We ight lb 0 39,590

OEW lb 21,800 30,300

TOGW lb 35,900 82,400

Ele c. Ene rgy Cost $ 0 660

Fue l Ene rgy Cost $ 1,110 550

Tota l Ene rgy Cost $ 1,100 1,210 21%

130% 48%

0 260

610 220

610 480

0% 75%

300 300

2,310 850

0 15,270

21,300 24,200

34,500 51,100

61%

9%
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Ele ctric propuls ion e na ble s  incre a se d fre e dom  to  loca te  the  
propulsors whe re ve r a  syne rgis tic be ne fit ca n be  a chie ve d

Ba se line Without Syne rgy       With Syne rgy

: Turbine : Turbine -Ele ctric Motor     : Ele ctric Motor

Turboprop Electric Propulsion 
With 

Synergistic Integration and Operations
Integration:

ODM Workshop | March 8-9 Assumption: Consis te nt pa yloa d, fuse la ge  pa ra m e te rs , & de sign constra ints
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Assumption: Ca pturing 90%  of to ta l trips  is  a n a cce pta ble  m a rke t s tra te gy

Turboprop Electric Propulsion 
With

Synergistic Integration and Operations

Sizing a  hybrid-e le ctric propuls ion syste m  should  be  ba se d on 
the  d is tribution of trip  ra nge  re quire d .

Operations:

Growth and Operating Patterns of 
Regional Jets in the U.S.
Mozdzanowska, Hansman Ty Marien, NASA LaRC
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50%: 200 nm
90%: 300 nm
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Turboprop Electric Propulsion 
With

Synergistic Integration and Operations

• Re m ova l of the  inboa rd  turboprop propuls ion e ffe cts  
re sults  in a  10% improvement in the induced drag (non-
optim a l spa nwise lift loa ding ca use d by prope lle r swirl, 
e ngine  wing b locka ge  e ffe cts , lift losse s)

• Wingtip  propuls ion inte gra tion to  ta ke  a dva nta ge  of the  
vorte x flow fie ld  re sults  in a  18% increase in effective 
propulsive efficiency (induce d dra g  re duction).

• Fuse la ge  BLI Propuls ion re sults  in a  10% increase in 
effective propulsive efficiency (wa ke  filling , inviscid e ffe cts)

Assumptions:

N
AS

A
TP

-2
73

9
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Gross Weight and 
Empty Weight versus 

Percent Electric

Comparing the non-
synergistic 75% electric to 
the synergistic hybrid and 
all-electric models:

At 500 Wh/kg: 
• 72, 75%  he a vie r TOGW

At 750 Wh/kg:
• 41, 43%  he a vie r TOGW

At 1000 Wh/kg: 
• 29, 31%  he a vie r TOGW

Ba tte ry 
Spe cific 
Ene rgy

400 nm 200 nm
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With Synergistic Integration and Operations

Unlabeled data: 600 nm
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Battery, Fuel, and Total 
Energy versus Percent 

Electric

Tota l e ne rgy de cre a se  from  
non-syne rgis tic a pproa ch a t 
500 Wh/kg:

• 400 nm : 50%  de cre a se

• 200 nm : 82%  de cre a se

Syne rgis tic inte gra tion 
yie lds  a  low se nsitivity to  
cha nging ba tte ry spe cific 
e ne rgy

Ba tte ry 
Spe cific 
Ene rgy

400 nm

200 nm
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With Synergistic Integration and Operations

Unlabeled data: 600 nm
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Total Energy Cost verus 
Percent Electric

• $3.33 per gallon for Jet-A
• $0.11 per kWh for elec. 

Comparing non-synergistic 
75% electric at  500 Wh/kg 
to : 

• 400 nm : 51%  de cre a se

• 200 nm : 80%  de cre a se
Ba tte ry 
Spe cific 
Ene rgy

400 nm

200 nm
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With Synergistic Integration and Operations

Unlabeled data: 600 nm
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• De signing with a  re duce d ra nge  a nd a  propuls ion inte gra tion 
s tra te gy tha t is  syne rgis tic to  e le ctric propulsion dra m a tica lly 
im prove s  the  e conom ics

• Re la tive ly ne a r-te rm  ba tte rie s  a re  a s  com pe lling  of a n 
e conom ic proposition a s  long-te rm  ba tte rie s

• Ba tte ry a m ortiza tion wa s not include d in the se  costs  
(howe ve r, the  e conom ics  a re  s till quite  com pe lling)

• This  s tudy hinge s  of ope ra tors  who will a cce pt a n a ircra ft 
ca pa ble  of only flying  a  400 nm  dis ta nce

• Curre nt re gula tions  do not a llow a n a ircra ft to  s ta rt a  ga s  
turbine  during  flight- this  would  ha ve  to  be  a lte re d  for this  
conce ptODM Workshop | March 8-9

Concluding Remarks

Caveats
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Thank You!

Any Questions?
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