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Generic Allocation Problem Formulation 

Minimize  Fleet DOC (or Fleet CO2 Emissions or Fleet LTO NOX Emissions) 
 
Subject to  ! xij  pi  " dj    for all routes j  Demand 

   ! xij  (BHij  + TH + MHij)  #  12ni  for all aircraft i  A/C Count 
 
(And could include the following, as appropriate)  

   CO2  !  "  CO2 2005    for total fleet   
   LTO NOX   !  "  LTO NOX 2005  for total fleet   
   Noise Areak  !  "  Noise Areak 2005  for each airport   
   DOC  !  "  DOC 2005   for total fleet  Cost Const. 
    

 
Where  xij = number of aircraft i on route j  pi = passengers on aircraft i 

  dj = demand on route j   BHij = block hours for a/c i on route j 
  MH = maintenance hours   TH = turn-around hours 
  ni = number of aircraft i available  "  = scaling factor # 1 
   

Environment 
Constraints 
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SFW: Minimizing CO 2 from 2005 to 2050 

¥! 2005 to 2050 No New: 114% Increase 
¥! 2005 to 2050 All SFW: 48% Increase 
¥! 2050 Worst to Best: 66% Reduction 

¥! 2005 to 2050 No New: 3% Reduction 
¥! 2005 to 2050 All SFW: 33% Reduction 
¥! 2050 Worst to Best : 30% Reduction 

2005 CO2 = 8.63 ! 10 8 lb 

2005 CO2/pax-nmi = 0.374 lb/mi 
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¥! IATA Goal: In 2050, CO2 

emissions equal 50% of 2005 
CO2 emissions 

¥! To achieve goal when all aircraft 
are New-in-Class: 

1.! Reduce aircraft fuel burn by 
70% at 2050 demand (e.g. 
aircraft meet NASA SFW N+3 
goal) 

2.! Reduce aircraft fuel burn by 
50%, only serve about 55% 
of projected 2050 demand  

3.! Any combination of 
passengers served and fuel 
burn reduction in white area 

SFW: Reducing CO 2 Emissions by2050 
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SFW: Impact of Retrofitted Winglets 

Winglet 
Fuel Imprv . 

Fleet  
!CO 2 (%) 

Fleet 
!DOC (%)  

!CO 2 per  
A/C (lb)  

!DOC per 
A/C ($) 

R
ep

 C
la

ss
 4

 
(1

13
0 

A
irc

ra
ft)

 

Ð 1% -0.53% -0.28% -4,112 -491 

Ð 3% -1.20% -0.38% -9,309 -680 

Ð 5% -2.06% -1.04% -16,024 -1,857 

Ð 7% -2.72% -1.21% -21,179 -2,155 
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Ð 1% -0.19% -0.25% -1,998 -611 

Ð 3% -0.77% -1.15% -8,121 -2,785 

Ð 5% -1.55% -2.56% -16,453 -6,222 

Ð 7% -2.24% -2.75% -23,759 -6,686 

¥! Class 5 aircraft fly up to 84% more total miles "  Longer routes 
¥! Class 4 aircraft fly up to 2% more total miles "  Higher frequency 

Baseline (No winglets) 
¥! Fleet CO2: 8.80 ! 10 8 lb 
¥! Fleet DOC: $2.01 ! 10 8 

Key Trends 

¥! Class 4 greater % "CO 2  

¥! Class 5 greater % "DOC 

¥! Class 5 greater DOC 
savings per aircraft 



School of Aeronautics and Astronautics!

N+3 SST Specific Objective Functions 

¥! Ideally a revenue model would be used to determine how to 
use SST to maximize profit 

Ð! Revenue model for SST outside the scope of this project 

¥! Three objectives created to capture how airlines might use 
SST in conjunction with subsonic aircraft 

Ð! Max Fleet Productivity :  Number of Passengers ! Aircraft Speed 

 
Ð! Max Block Hours Saved :  Block hours saved by SST on a route 

Ð! Min Fleet Block Hours : Minimize total hours flown by all aircraft 
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N+3 SST: Objective Comparison 

Objective 
Fleet  

Productivity 
[trillions of pax-nmi /hr ] 

Block Hours 
Saved 

[hr ] 

Fleet Block 
Hours 

[thousands of hr ] 

SST Trips 
Flown  

[roundtrips] 

Productivity 2.389 3,982 135.3 1,560 

Block Hours Saved 2.349 4,605 276.8 485 

Block Hours 1.616 2,351 68.98 757 

Objective 
Avg  Range 

for SST 
[nmi ] 

CO2 
Emissions 
[billions of lb ] 

NOX 
Emissions 
[billions of g] 

DOC / Day 
[millions of USD] 

Productivity 1,003 2.331 3.176 608 

Block Hours Saved 4,604 2.397 3.236 599 

Block Hours 1,330 1.741 3.366 436 

¥! Each of the three objectives lead to different SST utilization (in terms of trips 
flown and average range) 

¥! CO2 and DOC greatly reduced by minimizing block hours, but NOX highest 
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N+3 SST: Various Objective Allocations 
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Scatter Plots of Allocations for Three Different Objective Functions

 

 

Min Block Hours

Max Productivity
Max Block Hours Saved

¥! Max Block hours 
saved:  Almost all long 
routes (485 trips Ð 
4,604 nmi avg) 

¥! Max Productivity:  
High volume short 
routes, some long 
routes (1,560 trips Ð 
1,003 nmi avg) 

¥! Min Block hours:  Low 
trips spread out over all 
distances (757 trips Ð 
1,330 nmi avg) 



School of Aeronautics and Astronautics!

60708090100
0

200

400

600

800

1000

1200

1400

1600
Trips Flown

T
rip

s 
F

lo
w

n

Limit [%]

 

 
CO2

DOC

N+3 SST Comparison of Constraining CO
2
 vs. DOC
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N+3 SST: Productivity Tradeoffs 

¥! When constraining CO2 or 
DOC SST trips flown 
follows a backwards ÒSÓ 
curve 

¥! Average miles per trip 
flown by SST remains 
fairly constant even 
though trips allocated 
decreases 

¥! Utilization of SST 
decreases more quickly 
when constraining DOC 


