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Objective / Motivation

¥ Develop tools that measure the fleet-level
environmental improvement of airline emissions
through new technologies and aircraft

¥ |ncorporate features that combine measure of fleet-
level improvements with abilities to:

Pl Optimally allocate fleet to reflect decisions made by
airlines

Pl Introduce new technologies and / or new aircraft to
best meet fleet level objectives

Pl Provide a system dynamics-like framework to
evaluate impact of hew technologies / aircraft /
network topology over time

¥ Today, present approach and preliminary results
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Approach

¥Model airline US domestic operations
Pl Model / estimate fleet allocation that maximizes profit
Pl Model aircraft utilized by airlines
¥ Operating costs, operating constraints, emissions

¥ Reduce problem size through series of abstractions

¥ Estimate current and future emissions and noise
from airline fleet

¥ Investigate impact of technology improvements
and/or policy changes to reduce future emissions
and noise
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Level of Abstraction
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¥ Consider airline operations for 2005
Pl Baseline year for all future studies

¥ Consider only LMINET-102 airports

Pl Capture 84% of domestic traffic
Pl Obtain city-pair passenger demand from BTS

¥. GI‘OUp all‘llne aIrCI’aft ﬂeet |nt0 C|aSSGS Note: for display purposes not all routes shown here
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¥ Assume symmetric demand between city-pairs 22 A’&%f/)# =
(round trips only) 1022
¥ Assume single |benevolent monopolistic z 3 /0-42
airline 4 1/0-22
Bl Airline owns and operates all aircraft 1 110.22
Bl No competition 5 3//6




PURDUE School-of Aeronautics and Astronaut

Airline-Domestic Fleet

¥ Airlines flew over 100 aircraft types on domestic routes in
2005
¥ Reduce problem by
Pl Grouping aircraft into classes based on seating capacity

Bl Grouping aircraft into types based on most-used
(representateive-in-class) and latest Entry-In-Service (EIS) date
(best-in-class)

¥ Model aircraft with FLight Optimization System (FLOPS)
Bl Performance, costs, emissions

Class Seat Capacity Rep-in-class % Flights Best-in-class EIS date New-tech EIS date
1 20 - 50 Canadair RJ200/RJ400 37% Embraer ERJ145 12/19/96 n/a n/a
2 51-99 Canadair RJ700 57% Embraer ERJ170 03/08/04 n/a n/a
3 100 - 149 Boeing 737-3800 26% Boeing 737-700 01/18/98 n/a n/a
4 150 - 199 Boeing 757-200 37% Boeing 737-800 04/24/98  ASAT 2015
5 200 - 299 Boeing 767-300 46% Airbus A330-200 05/29/98 B787 2010
6 300+ Boeing 777-200ER 82% Boeing 777-200ER 02/09/97 n/a n/a

¥ Example: all aircraft with 100-149 seats represented by
representative-in-class B737-300 and best-in-class 737-700 6
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Airline-Fleet Allocation

¥ Profit model
Pl Purdue-built revenue model: profit margin a function of trip length
and aircraft type (some percentage over direct operating cost)

Bl Results in a more balanced aircraft utilization than minimizing
DOC (large aircraft favored because of low cost per passenger)

¥ Model features

Pl Variables

¥ Number of (round) trips flown by each aircraft class (1-6) and type (rep-in-
class and best-in-class) on each route

¥ Number of passengers carried by each aircraft class and type
Pl Maximize total fleet profit

Pl Constraints

¥ Aircraft range, airport noise, airport runway length

¥ Allowable-time constraints account for block-time, turn-around time, and
maintenance time
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Basic: Airline:Fleet Allocation-Maodel

maximize ii(paxk,j °})k,j)_ii(ck,j 'xk,j)

subject to X

iz(xk,j '(BHk,j + MHk,j )+ Xk,j -t)S 24 . ﬂeei;< aircraft count

=1
pPax, j " X, j !CaR aircraft capacity

¥ Variables:

¥ X% ;= number of trips of aircraft type k on route j

¥ pax ;= number of passengers flown on aircraft type k on route |
¥ Parameters

¥ Py, = ticket price per passenger on aircraft k and route j

¥ Cy; = cost to fly aircraft type k on route |
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Control Parameters and Potential Scenarios

¥ Fleet allocation problem can analyze
airline operations for numerous input
parameters

Pl 20xx demand
Bl 20xx fuel price
Pl 20xx fleet composition
Pl 20xx technology level
Pl Etc.
¥ A dynamic model of the evolution of

airline operations gives more complete
picture

Bl Demand, fuel price, fleet composition,
etc. change over time

Bl Feedback between airline operations
and supply (of aircraft) and demand
(from passengers) needed
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UNIVERSITY

System: Dynamics-and Optimization-Model
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System Dynamics-Simulation
(scenario set-up)

¥ Dynamic model can analyze a combination of scenarios at once
¥ Visualization and insight becomes overwhelming

¥ Scenarios that implement / consider single changes at a time
analyzed here

¥ Model objective: maximize profit and penalize NO,, emissions

Scenario New-in-ClassAircraft Technology Improvement Jet Fuel
Scenario 1 Available None JetA
Scenario 2 Available 2% Annually JetA
Scenario 3 Available 2% Annually JetA and Biomass

Biomass: 0.31 life-cycle emissions multiplying factor; 50% blend by 2040
New-in-class aircraft: B787 and ASAT (assume enter service in 2010 and 2015, respectively) 1,
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Demand Assumptions:and:Projection

¥ Inherent demand growth based on relationship between travel demand and
GDP

¥ Demand changes as fare changes with elasticity -1.2
¥ Fare changes as DOC (fuel & non-fuel) changes
¥ Fuel DOC changes due to changes in fuel price
¥ Non-fuel DOC changes due to changes in fleet composition
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Evolution of CO_, Emissions
(combustion)

New-tech aircraft added after 2010 (B787) and
2015 (ASAT)

—e— S1 ' :
e S2 ¥ Introduction of new-

14 s3 technology aircraft is
insufficient to reduce
emissions (S1)

1.6

1.2

Technology improvement of
new-tech aircraft necessary to
_ oaet reduce emissions (2%

08. s, annually in S2)

¥ Increases in fuel price due to
use of biomass fuel reduces
demand and results in

0.4 reduced emissions (53)

0.6

Normalized combustion CC% emissions (w.r.t 2005)
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Evolution of CO_, Emissions
(life-cycle)

ggi/vét(e;:g Aa_tll_;craft added after 2010 (B787) and 50% fuel blend by 2040
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Evolution of LTO'NO_ Emissions

New-tech aircraft added after 2010 (B787) and
2015 (ASAT)

—e— S1 ' :
e S2 ¥ Introduction of new-

14 s3 technology aircraft is
: insufficient to reduce
emissions (S1)

1.6

1.2

Technology improvement in
new-tech aircraft reduce
emissions after 2025, but
insufficient to reach 2005-
levels (2% annually in S2)

0.8

0.6

¥ Increases in fuel price due to
use of biomass fuel reduces

0.4 demand and results in

reduced emissions (53)

Normalized LTO NQ< emissions (w.r.t 2005)
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Evolution of Total-Noise:-Area

New-tech aircraft added after 2010 (B787) and ¥ Noise area is the noise area
2015 (ASAT) under the 64dB DNL contour

at all airports (sum over the
102 LMINET airports)

1.6

1.4 s3

¥ Annual total noise are a

% reduction implies/assumes a
technology that would
improve noise so that total
noise are is reduced

il ¥ Changes in total noise area
: are a results of improvement
In technology and different

0.6
demand levels

Normalized total noise area (w.r.t 2005)

0.4 ¥ For biomass scenarios (53)
changes in total noise area

0.2t _ _ . . . . . are due to different (lower)
2005 2010 2015 2020 2025 2030 2035 2040  demand

year
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Conclustons

¥ Allocation problem seems promising for this type of study
Bl Capture fleet-level impact of airline operations

¥ Difficult to maintain absolute emissions at 2005 level via
current and near-term technology

Pl Substantial, continuous technology improvements needed

¥ Combination of policy and technology improvements could
reach 2005 goals
Bl Passenger travel would be moved to another transportation
sector
¥ Combination of technology improvements and demand
reduction can achieve future emission goals

Bl Introduction of bio-fuels greatly increases airfare which
discourages air travel

19
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Limitations< Future Work

¥ LMINET 102 abstraction
Bl Missing US routes

Bl No international flights with O/D in US

¥ Benevolent monopoly does not include effects of competition
Pl Modeling of multiple airlines can improve emission estimations
¥ Limited future aircraft and technologies included here

Bl Additional new-technology aircraft can be expected to enter
market between now and 2040

¥ Current study considers only passenger aircraft, not cargo

20
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EXTRA SLIDES
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Impact of Technology
(What does: it mean:todimprove the noise area?)
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Objective-Function withiNO! ©, Penalty
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