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Paradigm Changing Vision of Aviation

Focus: 

> Address future growth in air travel demand that is projected to overwhelm the current 
hub-and-spoke air transport system.   

> Develop ultra-efficient, low emission, quiet ~20 passenger aircraft to utilize the existing 
community airport infrastructure for direct point-to-point travel.

> Phase I Study Goal: Identify key enabling technologies for small airliners

Benefits 

> Reduced congestion at major airports, freeing them to serve large aircraft.

> Reduced total travel time, fuel consumption, noise, emissions, travel stress.

> Positive economic impact on communities surrounding small airports.

> Utilize US taxpayers $15B+ investment in community airports

Plan

> Identify Future Network Vision, metrics for evaluation.

> Evaluate aircraft size and missions to best achieve goals. 

> Develop a scalable current technology air vehicle to be used as study baseline.

> Identify advanced aircraft and propulsion concepts aimed at improving study metrics 
and the future transport system. Trade studies to assess technology impact on goals.

> Select best technologies & configuration. Develop advanced airliner. Evaluzte vs. goals.

> Identify key technologies, roadmaps, risks, recommendations for further study. 

GE, Cessna, and the Georgia Institute of Technology are studying a vision of aviation 
in the 2030-2035 time frame to change the paradigm of air travel and have a positive 

economic impact on suburban communities.
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Air Transportation Network
Demand & Airport Capacity

Current Demand Assessment

> Where do people travel?

> How do people travel?

ï Air, Auto

Point-to-Point Travel for 2008

Departure 
Hub

150+ pass airliner

Drive

Drive

Departure
Airport

Arrival
Hub
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Air Transportation Network
Demand & Airport Capacity

Current Demand Assessment

> Where do people travel?

> How do people travel?

ï Air, Auto

Future Demand

> Project based on GDP and 

travel growth

Point-to-Point Travel for 2035

Departure 
Hub

150+ pass airliner
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Air Transportation Network
Demand & Airport Capacity

PointPoint--toto--Point Travel for 2035Point Travel for 2035

Departure 

Hub

150+ pass airliner

10 to 30 passenger airliner

Drive

Drive

Drive

Drive

Departure

Airport

Departure

Airport

Arrival

Hub

Arrival

Airport

50+ pass re
gional je

t

ÅLess Travel Distance

ÅLess Travel Time

ÅLess Fuel/Pax/Trip Dist.

Trip Distance

Current Demand Assessment

> Where do people travel?

> How do people travel?

Future Demand

> Project based on GDP & travel 
growth.

Adjust transportation network

> Capture regional air & road travel

> Increased Flexibility
ï Semi-scheduled operations

ï Rapid update of schedule based on loads

> Maximize use of land and airside 
capacity and $15B Taxpayer 
Investment in GA Airports.

> Minimize travel time, noise and 
emissions, and overall carbon 
footprint
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2030-2035 Vision & Metrics: 
Small Commercial Aviation Utilizing Community Airports
Distributed point-to-point operation vs. hub-and-spoke

> Direct flights closer to O-D without need to go through overloaded hubs

Increased community airfield utilization => enables increased air travel

> Avoid capacity limitations and increasing delays, missed connections

> Minimize traffic, parking, terminal navigation delays of major airports

~20 Pax Aircraft, Mission Range < 1000 nm, Flight speed < 0.7 M0

> Network Demand Study determines optimum size, mission, speed

CORNERS OF THE 

TRADE SPACE

N+1 (2015 EIS)

Generation

Conventional

Tube and Wing

(relative to B737/CFM56)

N+2 (2020 IOC)

Generation

Unconventional

Hybrid Wing Body

(relative to B777/GE90)

N+3 (2030-2035 EIS)

Advanced Aircraft Concepts

(relative to user defined 

reference)

Noise

(cum. below Stage 4)
-32 dB -42 dB

-71 dB  or

55 LDN at average airport 

boundary

LTO NOx Emissions

(below CAEP 6)
-60% -75% better than -75%

Performance:

Fuel Burn
-33% -40% better than -70%

Performance:

Field Length
-33% -50% exploit community airports
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N+3 Small Commercial Subsonic Metrics and Baselines

Field Length (and width)

>Sufficient to utilize community airports and capture vast majority of population. 

Noise: 55 LDN at Airport Boundary or 71 dB Cum Margin Below Stage 4

>Develop a notional Community airport.  Establish Current Noise Level.

>Quantify N+3 Air Vehicle impact on noise w/ projected frequency of flights.

>Meet 71 EPNdB Cum Below Stage 4.  Impact LDN at Airport Boundary << 1 dB.

-70% Fuel Burn

>Quantify improvement of Advanced Airliner vs. Baseline Airliner

>Notional comparison of Baseline 2008 N+3 Aircraft/Network vs. Hub & Spoke

-75% NOx LTO below CAEP/6 (g/kN FN)

>NOx unregulated below 6000 lb FN. 

ïUse 6000 lb FN Standard as Baseline.  

>NOx unregulated for Turboprops/Open Rotor Systems. 

ïTreat Propulsion System Net Thrust as if Turbofan for Takeoff, Approach, and Climb

ïRational Substitute for Turbofan Idle. (4% Shaft Power, 80% Prop Speed)

>Advanced Air Vehicle LTO and Cruise NOx vs. Baseline

>Baseline Air Vehicle & N+3 Network vs. Current Network (LTO NOx g/Pax/trip) 
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Study Work Plan
Task 1: Develop Reference Baseline

> Define the vision of the future point-to-point air transport system

> Establish current and predicted future air travel demand, and the appropriate aircraft 
size, range, speed, TOFL to offload hubs by utilizing community airports.

> Develop a current technology ~20 passenger baseline airliner & engine to:
ïEstablish a baseline to quantify the improvements of the Advanced Air Vehicle

ïCalibrate and validate the aircraft modeling tools used in advanced evaluating concepts using 
production CJ2+ aircraft and Cessnaôs design tools and expertise.

> Look at N+3 travel impact on local economy, environment, and airport infrastructure 

Task 2: Advanced Concept Development
>Identify Advanced Aircraft & Propulsion technologies and configurations. Screen by 
estimated benefits, risks, and feasibility in 2030-2035 timeframe

> Define 2030-2035 Advanced Reference Air Vehicle as baseline for evaluating 
unconventional Aircraft/Propulsion concepts

> Evaluate the benefit of advanced technologies and unconventional aircraft/engine 
configurations to the air transport system and study metrics

> Define best 2035 Aircraft/Propulsion Concept to enhance the study metrics

> Identify Key, Enabling Technologies, Roadmaps, Recommendations for Further Study

Task 3: Program Management, Reporting, and Communications
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N+3 Service Study Roadmap

Population

Forecast

Income

Forecast

Travel Demand

Forecast

Initial Vehicle Characteristics

Baseline 2008 Airliner

Advanced 

2035 Airliner

Technologies

of Interest

Vehicle Modeling

Engine Modeling

Travel Mode Choice

Sensitivity Study

Design Trade Space

Configuration Workshops

Potential Technologies
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Air Transportation Network
Demand & Airport Capacity

Current Demand Assessment

> Where do people travel?

> How do people travel?

Future Demand

> Project based on GDP & travel 
growth.

Adjust transportation network

> Capture regional air & road travel

> Increased Flexibility
ï Semi-scheduled operations

ï Rapid update of schedule based on loads

> Maximize use of land and airside 
capacity and $15B Taxpayer 
Investment in GA Airports.

> Minimize travel time, noise and 
emissions, and overall carbon 
footprint
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Capability Needs for Small Airliners

Hub-Satellite to Hub-Satellite Trips (Hub Capacity Augmentation)

> Use satellite airports and high-speed ground connection (Hub to Satellite)

> Enables use of satellite airports without runway infrastructure investments

> Enables flexible capacity increases (donôt need to fill up large aircraft)

Small Community to Hub-Satellite (Service, Hub Connection Trip)

> Fuel costs drive need for new technology replacements of current day 
turboprops and regional jets

> As current 50 pass routes require 100 pass service, new 20-80 passenger 
routes (different communities) will require service

Small Community to Small Community Service (Hub Skipping)

> New service connections will be required, as Hub airports & Hub satellites 
become choked

> Point-to-Point routes enables traffic increase without burden to Hub

Small Airliners are Required for Future Trans. System
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Network Inefficiencies

Empty Seats (Load Factor) 
> Airlines focus on flying seats full & cancel flights with low load factors

> Airlines change aircraft type to RJ, 737, etc. to align with demand

Hub-n-spoke connection (Increased Travel Distance)
> Funneling people into Hubs enables high load factor flights between Hubs

> Hub feeder routes increase market size and provide service to small communities

Aircraft Re-Positioning (Move Empty Plane to Demand)
> Maintenance, weather, & other system scheduling disturbances cause airlines to re-

schedule and or re-locate aircraft with low load factors or empty seats

> Fractional business jet fleets frequently operate with 30-45% of flights empty with 
customer-first, never-reject-demand business model

> Air-Taxi & Charter Operations reduce empty flights by rejecting demand and charging a 
premium for re-locating aircraft

> Breakthroughôs in scheduling software suggest the re-positioning problem can be solved 
with carefully selection of city pairs and daily or weekly changes to route structure (align 
supply with demand

Can we create a future network with 100% load factors and 

point-to-point trips that reduce travel distance?
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Air Transport Network Demand & Capacity Study

Objective: Estimate current and 2030-2035 air travel demands, the capacity 
of network, and best aircraft size to meet demands.

Deliverables: 
Ĕ Current vs. Future Small Airport Travel Demand 

ï Current/future short range (<1000 mi) demand for point-to-point travel

ï Identify city pairs and candidate small airports 

ï Estimated trips/day and appropriate aircraft size to meet future demands

Ĕ Network Comparison: Point-to Point vs. Hub-and-Spoke
ï Improvement in distance traveled and fuel savings vs. hub-andïspoke

Ĕ Future Small Airport Capacity: Impact on Infrastructure
ï Appropriate aircraft size for future ground infrastructure

ï Estimate of airside/landside capacities and infrastructure improvements needed

Ĕ Future Network and Air Vehicle  
ï Estimate of demand satisfied by future network/air vehicle vs. current baseline

Future Research:
Ĕ Provide a Foundation for Scheduling (Operations Research) that will enable 

point-to-point service with near 100% load factors
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Demand Model Ground Rules
Based on CONUS data found in 1995 ATS.

Two types of transportation consumer

> Households generate leisure, personal business trip parties.

> Enterprises to generate business trip parties.

Three transportation modes

> Auto: ground vehicle

> ALN: commercial air transportation 

> N+3: transportation service provider using N+3 aircraft

The agents formulate disutility to make a choice based on time and money spent

Demand calculated is raw demand, not necessarily captured demand

> It may not be feasible to serve those demand levels with scheduled service

Sensitivity Study Parameters and Ranges

> Price multiplier (with respect to airline ticket price)

ï X = [0, 8], baseline X=3

> Vehicle speed

ï V = [275, 480] knots, baseline V=344 knots

> Vehicle range

ï R = [400, 1200] nmi, baseline R=800 nmi

> Airport accessibility

ï d = [5, 15] miles, baseline d=10 miles
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Price Multiplier Sensitivity

ALN Auto N+3

X = 0.0 0.4% 20.7% 78.86%

X = 1.0 4.9% 64.4% 30.66%

X = 2.0 17.7% 73.1% 9.25%

X = 3.0 22.0% 74.3% 3.68%

X = 4.0 23.7% 74.6% 1.74%

X = 5.0 24.4% 74.6% 0.96%

X = 6.0 25.2% 74.2% 0.60%

X = 7.0 25.0% 74.6% 0.38%

X = 8.0 25.3% 74.4% 0.26%

P
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Modal Split (or Market Share)

For X=3 N+3 captures 

3.68% of all trips, or 

approx 14% of air travel

General 

Aviation 

Today

Auto

Airline

N+3
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2030 Scenarios

Trips per day ALN Auto N+3 Sum

w/ X=2 561,874 1,834,833 502,876 2,899,583 

w/ X=3 772,295 1,918,985 244,685 2,935,966 

w/ X=4 870,315 1,957,635 132,891 2,960,841 

Trips per day ALN Auto N+3 Sum

w/ X=2 294,212 1,217,528 154,157 1,665,896 

w/ X=3 372,746 1,258,087 62,328 1,693,161 

w/ X=4 404,236 1,272,836 29,645 1,706,717 

Vs.

Y2030

Y1995

~2X ~1.5X ~4X ~1.7X

All other things constant consider impact of

> Income growth (annual increase of 1.5% in real GDP per capita)

> Population growth (361 millions, ~1.4X to Y1995)
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Sensitivity Comparison

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

R=1200

d=5

R=400

d=15

V=140%

V=120%

V=80%

Scenario X's (desc)

Y1995

(275 kt)

(480 kt)

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

d=5

R=1200

R=400

d=15

V=140%

V=120%

V=80%

Scenario X's (desc)

Y2030

(275 kt)

(480 kt)

Demand elasticities with respect to changes in aircraft characteristics

Ticket price multiplier (x) is dominant factor

For x=3 ALN Auto N+3 Elasticity

V = 275 22.4% 74.3% 3.37% 0.40 

V = 480 21.5% 74.5% 4.06% 0.29 

d = 5 21.8% 74.5% 3.77% -0.03 

d = 15 22.2% 74.2% 3.56% -0.08 

R = 1,200 22.0% 74.3% 3.73% 0.03 

R = 400 22.4% 74.1% 3.48% 0.08 
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Tradeoff Input

LEAF Tool

FLOPS/ALCCA

Mi Plus

204 X 204 O-D Matrices

Filtering Process

Sizing and Ticket 
price estimation

Demand 
estimation

MSA granularity

Expansion Process with 
Clustering Algorithm

~500 X ~500 O-D Matrices

Filtering Process

Phase A

result

Phase B

result

Phase C

result

Vehicle Size Study (3 Phases)
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Phase A Result

Used basic trend of ticket price as a 

function of aircraft size

> Based on student tool derived from 

FLOPS/ALCCA

Number of N+3 passengers increases 

continuously with increasing vehicle 

capacity (due to resulting lower ticket 

price)

Number of operations, however, 

levels off

> Optimum at ~23 PAX
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Filtering Process
Analysis is performed on total produced and attracted demand for each O-D 

locale

Mi Plus produces numbers for raw demand
> Captured demand is not necessarily 

proportional to raw demand!

> 1000 consumers in Jersey City vs.

1000 consumers in rural Texas

Utilize demand density to provide

insights into captured demand
> Assume all trips will be round-trips

> Find area of each MSA via aggregation of

county level data 

> Calculate demand density, Total Demand / Area, 

for each MSA and non-MSA

Use a transfer function to translate demand

density into percent captured demand
> Different parameters chosen for 10 to 30 PAX aircraft
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Phase B Filtering Results

As expected, the filtering process reduces expected N+3 passengers the most for 

30 PAX vs. 10 PAX

Filtering scales the number of operations down, but doesnôt significantly affect the 

overall trend
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Phase C
Phases A & B involve an aggregation process, not dealing with a 

specific O/D market and its utilization, etc. 

Unlike Phases A and B, Phase C involves complicated and iterative 

tasks in nature. 

Creation of: 

> Population layer

> Airport layer

> MSA layer

Clustering 3000+ counties into 500+ population clusters in conjunction 

with 1995 ATS MSA definitions. 

Mi plus run w/ large number of agents to get sufficient definition for 

each OD pair

OD expansion to consider more detailed geographical information

Airport mapping to obtain airport specific OD distribution

Filtering process to capture viable market pairs
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Population Layer

Explored dividing population cluster parameters sets by region (west vs. NE) 

> Fidelity gain did not justify additional computational load

Four Parameters:

1) Minimum Population to qualify as a center Ą 75,000

2) Capture circle radius Ą 15 mi

3) Minimum Population to qualify as a cluster Ą 75,000

4) Minimum # of counties Ą 1

Percent of CONUS Population  

Captured: 81.8%

Number of Clusters: 577
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Airport Layer: 
Number of Airports vs. Runway Length

5000 ft marks initial explosion in number of airports available

3000 ft mask the point at which additional airports captured taper off

4000 ft chosen as initial target 
Over 95% of the population within 20 mi of an airport with a 4000ft runway
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Airport Layer

Database of 3920 airports must 

be filtered to eligible airports for 

an N+3 service

Main criteria

> Large and medium hubs 

eliminated

> Military base air fields 

eliminated

> Runway of > 4000 ft effective* 

length

> Runway of > 75 ft width

> Surface Type
ï Concrete or Asphalt AND

ï Excellent or Good Condition

1356 eligible airports for N+3


