Ninth USA/Europe Air Traffic Management Research &evelopment Seminar (ATM2011)

Estimating ATM Efficiency Pools in the Descent
Phase of Flight

Potential Savings in both Time and Fuel

Dave Knorr, Xing Chen, Marc Rose, John Gulding
Air Traffic Organization
Federal Aviation Administration
Washington, DC USA
Dave.Knorr@faa.gov

Abstract— In the descent phase of flight, limited esearch has
focused on the benefits of ATM improvements in anrvironment

where flight times are constrained by capacity. Bdt NextGen
and SESAR have prioritized increasing capacity to educe
congestion and absorb future demand. For the foresable future,

ATM will always have to manage congestion. This geer focuses
on a methodology for estimating the total benefit pols, in terms
of time and fuel that ATM can potentially influencein the descent
phase of flight. Best practices from existing reseah on efficiency
pools are incorporated and refined to provide estirates with data
commonly available in today’s ATC system. The anabis shows
that at busy airports, most of the additional fuelused on top of an
unconstrained trajectory is directly related to the need to
sequence aircraft. How to absorb time in a time cairained

environment in the most efficient manner is a keyssue. This
paper explores the benefits of reducing speed inwise to absorb
delays currently managed in the terminal area. Thefindings

estimate the unimpeded benefit pool, actionable bATC in the

terminal area, averages 3 minutes for the top 34 iggorts in both

US and Europe, or approximately 100 kg. of additioal fuel per

arrival. The potential benefit of reducing speed ircruise (i.e. with
no change in capacity) is estimated to be around 3&rcent of the
unconstrained benefit pool in a conservative sceniar. These
findings provide incentive for further research conplementing

the numerous studies related to optimal descent pfites, which

are mainly associated with non-congested periodsh& estimated
benefit pool associated with speed control in thipaper applies
directly to optimizing congested periods.

Keywords-component; ATM Benefit Poals, fuel savings, speed
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l. INTRODUCTION

Airline tradeoffs between fuel and time depend be t
business objectives of individual flights [1]. In anvironment
where flight times are constrained by capacity, odiiag
necessary delay in the most fuel-efficient manremoimes the
primary business objective of airlines.

In today’s air transport system, weather reducegogi
capacity regularly [2]. In response, the ATM sysismequired
to absorb some delay near the airport in ordeiseoall arrival
capacity by keeping constant pressure on the runway
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minimize system delay. When delay absorption aroand
arrival airport is projected to be too high for etsf or
operational reasons, aircraft are held back at tteparture
airports based on a projected arrival time [3].sTiki practiced
in the US as a Ground Delay Program (GDP), managetie
FAA Command Center. This practice is similar in &pe
where Air Traffic Flow Management (ATFM) slots are
allocated by the Central Flow Management Unit (CHMU

Because delays are infused into the system at tepathe
delayed flight may increase its cruise speed, amtd overall
fuel burn in cruise, trying to make up some of tinee lost at
the departure airport.

Without an agreed time adurival, flights compete for
runway capacity on a first come first served bagiile in
some cases this speeding up may benefit the indiVirline,
the tactical competition for runway resources mssuh
additional delay absorption around the arrival @irpand the
added terminal area congestion increases systeai fael
burn. ATM metering tools currently in use in the W8&d
Europe have not focused on the use of speed cahiiriig
cruise.

While there are numerous studies published reltdettie
benefits of optimal descent profiles, most reflbenefits in
non-congested periods and focus only on verticahtfl
inefficiencies[4] [5] [6] [7]- Robinson and Kamgamxr [8]
estimated the benefits of optimal descent profithging
congested periods to be considerably less than rin a
unconstrained environment. Robinson and others have
addressed the value of speed control in the crpisese for
terminal congestion, but no specific research ha®nb
published. With this background, there are two nudijectives
of this paper:

1) Propose a method for the calculation of total bienef
pools that ATM can potentially influence from a
distance of 100 nm to the runway (approximate lier t
descent phase) that incorporate both horizontal and
vertical components. Compare the resulting benefit
pool to previous studies.



2) Use the determined benefit pool to estimate the

potential fuel that could be saved in the descbakp

For aircraft performance, BADA tables provided by
Eurocontrol are used. BADA has nominal fuel burnd an

of flight through ATM managed speed reductionsnominal speed for cruise at each flight level foedfic aircraft

during cruise.

Both NextGen and SESAR have 4-D trajectories agbas

tenants, which would implicitly involve speed cantf2] [9]
[10]. ATM has incentives to reduce congestion atbtamminal
areas beyond saving fuel including reducing the kiead
associated with merging and spacing, and, redutiagafety
risk associated with aircraft considering fuel rethdiversions
to alternate airports.

This paper does not attempt to lay out the operatio

procedure for ATM to implement speed control. Ssece

clearly relies on a partnership between ATM anddinspace
users. The objective of this analysis is merelyptovide an
initial benefits estimate for purposes of an insezhfocus on
the potential fuel savings with speed control syas.

types.

B. Unconstrained Benefit Pool Methodology

The unconstrained benefit pool actionable by ATMthe
descent phase of flights is represented by theerdifice
between an unimpeded trajectory and the actuabctiay
flown. The total benefit pool represents the amadrime and
fuel that could be saved with unlimited capacityl ayptimal
trajectories.

One of the difficulties in assessing the differehetween
actual and unimpeded time and fuel is that botraffected by
factors such as wind, temperature, aircraft weighgine type,
and airframe performance. The proposed methodoisgsn
alternative approach that uses available ATM dataéntify
both, the ATC constraints that impact the trajector the

From a systems standpoint, speed control may igclud,eriical and horizontal dimensions, as well as ithpact of

speeding up aircraft early in the queue to maxintizeughput
and reduce system delay. Once a queue is estahligteekey
constraint is managing time to the arrival fix. @rfight time
is constrained, fuel burn becomes the next keyctilage for all
stakeholders (in addition to safety).

The methodology follows the following principles:

those constraints on the excess time and fuel Biuris. two-
phased approach allows for separate insights ietwefits in
the vertical and horizontal dimensions. The basitstruct is as
follows:

Let Opt(x) be the optimum trajectory with the best vertical
profile for a flight of distancex and letxy be the unimpeded

1) support the analysis of a large number of flightsdistance for the same flight.

without detailed wind, aircraft weight data reqdire

2) use surveillance data for position information;

3) use Base of Aircraft Data (BADA) table for aircraft

performance information [11], and

4) potential benefit can be expressed in terms of tm#
fuel.

While this research is focused on the last 100 hiftight

(descent), the unconstrained method can be expataled

include other phases of flight (departure (thet #8 nm) and
en-route (between the first 40 nm and the lastridp

II.  TOTAL UNCONSTRAINED ATM BENEFITS POOI(DESCENT
PHASE OF FLIGH)

A. Data
The fundamental data sources for this paper ard-##e

Enhanced Traffic Management System (ETMS) and its
Flow
Management System (ETFMS). Both systems includarrad

European counterpart, the Enhanced Tactical

information at approximately 1 minute apart for mvéFR
flight in the US, and 1 to 4 minutes apart in Ewofhe
relevant flight track information includes groundesd,
altitude, latitude, longitude, and time at a patac point for a

given flight.

Using flight track information, an algorithm is ddeped to
detect and extract level-flight segments in thecedasphase for
nearly 6.5 million flights (US arrivals into top 3rports in
2009). A level-flight segment is defined as any smoutive
points with an altitude difference of less than 28¢.

Furthermore, leAct(x) be the actual trajectory with actual
vertical profile for a flight of distance

Then the total benefit pool expressed in kg of &aled is
the difference.

Fuel(Act(x))— Fuel(Opt(%)) Q)

This expression can be expressed as the sum of two

differences:

Fuel(Act(x)) — Fuel(Opt@) =

[Fuel(Act(x))-Fuel(Opt(x))]+[Fuel(Opt(x))- (2
Fuel(Opt(x))]
Fig. 1 summarizes the proposed methodology.
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Figure 1. Combined horizontal and vertical process



The first part is the vertical component. It is tweiditional
fuel to fly the same distance compared to an optiredical
trajectory. The second part is the horizontal conemb. It is
the additional fuel to fly the distan¢e-x;) assuming both have
an optimum vertical profile.

In the vertical phase, efficiency is calculateddmynparing
the fuel flown on the observed level segment td thuen under
a scenario where the level segments that occurrwiideb or
as part of descent are removed. This does notssaaly
require calculating the fuel over the entire fliglotmain.

In the horizontal phase, efficiency is calculateg b
comparing the actual distance flown with ideal tenark
distance. The excess distance is then translatedxicess fuel
burn at cruise level.

Again, in the Unconstrained Case, neither flighthpa
(distance) nor the flight profile (vertical) are nstrained.
Removing both “inefficiencies” result in reduceohé and fuel.
Details related to the specific calculations forihantal and
vertical inefficiency on descent are presentechin following
steps:

Step 1: Remove Vertical Inefficiency

As stated earlier, the main driver for verticalffiséency is
assumed to be level flight segments flown at loafétude. To
increase efficiency and reduce fuel burn, leveghflisegments
at lower altitude are assumed to be flown at cralstide. By
moving level flight segment from lower altitude & higher
altitude, this method assumes the distance covireeach
segment will be identical; however, speed and fiueh will be
different.

The BADA aircraft performance model gives fuel burr
rates at each flight level for cruise, climb, angscent. By
doing so, BADA assumes a nominal cruise speed andnal
cruise fuel burn at each flight level. From BADAlkas, fuel
burn at higher altitude is in general lower, bumial cruise
speed is higher. To cover the same distance athigtitude,
less time is needed and less fuel is used ovesaeen in Fig.
2 and 3.

In Fig. 2, the total distance flown is the same thet level
segment is moved to a higher altitude.
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Figure 2. Shifting Level Segment to Cruise — Distance Pertbpec

In Fig. 3, by extending the cruise phase (higheedp and
removing the level segment, the overall time isrghed. As
illustrated in the graphs, this method assumesdldistance
will be kept the same before and after moving leflight

segments. It also assumes that flying time is usicaimed and
the flight can arrive before its actual arrivalém

altitude
A

Time from
departure airport

Figure 3. Shifting Level Segment to Cruise — Time Perspective

The relevant equations for this section are liieek:

AT=EO<:|i * V() -UMH) )

1=

AF=EO<:|i * (FOMAP) - F()MH) @)
1=

where,

AT is thechangen durationasaresultof moving
levelsegmentdrom lower altitudeto cruiselevel,

AF is thechangen fuel consumptio asaresultof
movinglevel segment&rom loweraltitudeto cruiselevel,
d; isthelengthof levelsegment,

q is theoriginalaltitudeof levelsegment,

hic is thenewaltitudeof levelsegment (cruiselevel),

v(h)is thenominalcruisespeedassociatedvith altititudeh
from BADA table

f(h)is thenominalfuel burnrateassociateavith altitudeh
in cruiseconfiguraton from BADA table

Step 2: Remove Horizontal Inefficiency

After step one the vertical trajectory is optimizetie
excess distance associated with vectors or holdin@ins. As
stated previously, the main driver for horizontadfficiency is
assumed to be excess distance, compared to a barchm
distance.

In the horizontal phase, a flight is broken up ittoee
parts: the first 40 nm (departure), the last 100(amval) and
everything in between (en-route). For each par, alctual
distance flown and the great circle distance betwtbe entry
point and the exit for each phase can be calcufated flight
track data. This methodology focuses on the arphalse (last
100 nm). A benchmark distance, equal to th& @ércentile of
actual distance flown for all similar flights (groed by aircraft
type, arrival fix, meteorological condition, runway
configuration) into the same airport for the sameartpr
(season), is established for each flight. The detetion for
grouping by similar flights is taken from earliealculation in
the US Europe ATM Comparison Study [3]. The diffaae



between actual flown distance and benchmark distasc
considered excess. This excess distance can ¢heorlverted
to fuel burn based on values obtained from BADAlastat
cruise altitude for each flight.

Fig. 4 illustrates an example of excess distand¢berdescend
phase.

100nm
circle

Actual
trajectory

Unimpeded
trajectory

Figure 4. lllustration of excess distance in the descendg@has

From the horizontal efficiency perspective, the ckla
trajectory is the actual trajectory and the redettary is a
nominal (unimpeded trajectory). In cases of holding
extended downwind legs the difference between the t
horizontal trajectories may be much greater. THéerdince
between the red trajectory and the black trajectsrythe
equivalent excess distance in the cruise phase. ovieeall
distance and time is shortened with the unimpedsgddtory.
This distance can be turned into saving in timeiarfdel.

The relevant equations for this section are listexk:

AD = Dactual = Dbenchmark (5)
AT =AD/v(h,) (6)
AF =AD- f(h)/v(h,) (7)

where,
4D is thechangen distanceasaresultof removinghorizontal
excesslistance,
D,.... IS theactualdistancdlown,
D S thebenchmarldistancdor similarflights,
AT is thechangen durationasaresultof removinghorizontal
excesslistance,
AF is thechangen fuel consumptia asaresultof removing
horizontalexcesslistance,
h, is thecruisealtitude
v(h.)is thenominal speedassociatedwith cruisealtititudeh,
from BADA table
f(h,)is thenominalfuel burn rate associatedwith cruise
altitudeh, from BADA table

Step 3: Integration of Horizontal Phase and Vertical @has

actual

benchmarl

For the unconstrained scenario, the benefit pool is simply
the sum of benefit pools from the horizontal and vertical

phases.

C. Results for Unconstrained Benefits Pool

The results show that, on average, the unconstrained
benefit pool per flight from the vertical phase is 1.1 resu
and the fuel saved is approximately 29.6 kg; from the
horizontal phase the benefit pool is estimated at 1.7 nsiqpée
flight which corresponds to 50.9 kg. of fuel. In total, the
unconstrained benefit pool per flight is 2.8 minutes and thkle fu
saved is 80.5 kg. The estimates are based on 6.3 miltbitsf
arriving into the top 34 US airports in 2009. The sampe s
represents 96% of all IFR flights arriving into OEP34 airports
for the year 2009.

This study currently uses standard values from the BADA
tables without adjustment. Robinson has pointed out in his
paper that during the descent phase, some of the BAD&val
are underestimated [8]. He concluded, with adjustmentseto th
BADA model, the median saving in terms of kg of fuel rbay
doubled. This adjustment would impact the vertical part only.

Fig. 5 and Fig. 6 depict the unconstrained benefits pool for
both time and fuel. Each figure breaks out the vertical and
horizontal contribution for each of the top 34 US airports.
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Figure 5. Potential time savings for unconstrained benefitl pd US airports
in 2009 by dimension
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Figure 6. Potential fuel savings for unconstraine
in 2009 by dimension

benefdl @b US airports

Not surprisingly, the New York Airport group (JFK, LGA,
‘EWR, and PHL) show the highest potential for improvement



D. Comparison to Time Based Method for Calculating actual flights and the unimpeded benchmarks from 100 nm to
Descent Inefficiencies the airport.

Although the method proposed in the previous section is Both methods have advantages depending on data
based on the identification of inefficiencies or “improvemen availability and the need for insight into vertical versus
opportunities” in the vertical and horizontal dimension, athorizontal constraints. However, on an aggregate Hhsis
congested airports, those inefficiencies are essentiallgeda results of the two approaches are fairly consistent acnoss
by the requirement to sequence aircraft. airports as shown in Fig. 8. This figure shows a compan$on
xcess time between the A-100 time indicator versus the

Fig. 7 i le of the i t of i flight”">. . ; o
9. 1 1S an examp’e ot the Impact of congestion on 11g orizontal and vertical approach outlined in this paper.

times into London Heathrow airport. Excess time is a functio
of aircraft holding. At other congested airports, exceése Comparison of the two methodologies
during congested periods may be absorbed through exend &

vectoring and level segments.
33385
horizontal + vertical method
Figure 8. Comparison of time based inefficiency vs. combidistiance
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As discussed previously, direct recovery of the
Figure 7. Congestion versus Flight Time unconstrained benefit pools is primarily driven by adding

) N ) capacity to reduce congestion. Assuming no change inrakma
Presumably, with additional capacity, technology, and/ogdditional capacity (e.g. runways) will directly reduce delay
procedures, this congestion could be removed. In #&en From an ATM perspective, the unconstrained benefit pool als
term, ATM actions can influence how this congestion d&ay quantifies the pool of delay that can be better managedghro
bes_t absorbed to optimize fuel burn. In a constraineATM. By improved absorption of necessary delay, fuey e
environment, fuel burn is the primary lever ATM can optimize saved without reducing the maximum use of available capacity
However, interdependencies with safety, weather and noise
make the full fuel recovery of the proposed unconstrajroed
unachievable.

Robinson and Kamgarpour [8] propose a method for
calculating a limited benefit pool during congested period
) The pool is strictly based on moving the time spent at lower
In the 2009 US/Europe Comparison of ATM-Relatedajtitudes to more fuel efficient higher altitudes. The overall
Operational ~ Performance  paper  [3], FAA  andflying time for each flight remains constant. Excess time
EUROCONTROL presented a methodology (A100 indicatorjahsorbed in level segments is traded for the samesetiresat
that calculates the additional time inside the last 100 nm circlgigher altitudes which increases the actual distance flovith. W
of arrival airport for each ﬂlght into the top 34 airpoirllsthe nominal Speeds from BADA, Robinson and Kamgarpour
US and Europe. This methodology establishes an actuahand @stimate that approximately 25% of the vertical benefit pool
unimpeded benchmark time inside the last 100 nm foh eacjescribed above could be recovered. In a constrained
flight, based on a classification scheme that depends @n tlanvironment, ATC must maintain peak throughput as well as
particular flight’s arrival fix, runway Configuration, andaaft manage de|ay_ When de|ay must be managed, the g(]a| ist
type. The unimpeded benchmarks are calculated usingnabmi absorb excess time in the most fuel efficient mannet,to
speeds to cover the shortest distance from 100 nmtod@r  specifically manage excess distance or level segments.
each classification of flights. From 40 nm to the airpotti@c o ) . . . .
landing times are grouped for similar classifications of flights ~ Achieving real improvement in terminal area trajectories
The unimpeded benchmark for this segment is based on tqering congested periods requires managing time prior to
shortest flights (in total distance) present in the groufinal  descent. Speed control during the cruise phase is thefued

unimpeded benchmark is established from the two segmengfficient ATM procedure for absorbing excess time [1][12].
The total benefits pool is based on the difference betieen



While the methodology described in this paper focuses ol left to individual optimization, there can be an incentioe
the fuel savings from reduced cruise speeds, oncesstiog in pilots to “rush-to-wait”.
the terminal is determined, increasing flight speeds at the Tg achieve the full benefits of speed control, FMS
beginning of a peak demand period can increase thratighpcapabilities would be part of the solution to absorb reeags
and reduce overall delay and fuel. Use of speed@ointthe  time estimated by ground automation. However, a full

cruise phase for the purpose of absorbing terminal aregescription of an equitable procedure for creating istuai
Congestlon is limited in ATM. In both the US and EUrOpe,trnOS ueue” for arrivals is beyond the scope of this paper.

of the delay is absorbed around the airport to assure all ] ) ) )
available capacity is utilized. Ground delays at departure AS previously stated, the unimpeded benefit pool is the
airports are implemented when projections of terminaftarting point on a flight by flight basis for calculating thmeet
congestion are adversely impacting controller workloagitgaf available for absorption during cruise. Each minute alesbrb
and fuel efficiency [3]. In some cases, aircraft hetdtioe with spee(_JI control d_urlng cruise o_f_fsets inefficient delay
ground will increase speed in cruise to make up lost tiliehw absorbed in the terminal area. Additionally reduced speeds
then may result in a higher overall fuel burn, even thabgh during cruise can further reduce fuel burn. Reducingse

was clearly not the system objective of the ATM imposedPeed will reduce fuel burn when the actual speeds fianen
departure delay. higher than the maximum-range speed. In modern jebé#irc

the change in “miles per gallon” related to speed chaages

A. Background for Potential Benefits of Speed Control cruise altitudes is minimal. Fig. 9 depicts the efficiency eurv
) for an example aircraft [17].

There are examples of ATM and airline strategic use of
speed control during the cruise phase of flight:

-

SR (NMton) B nc -

1) Operational trials by United Airlines in conjunction i " Liyen
with NATS estimated that reducing speed into Apae
Heathrow can save approximately 45 kg. of fuel per
flight during the cruise phase. This does not include -1% * #-------
any savings associated with the reduction of the time
due to 6+ minutes of delay absorbed en-route [13].

2) Airservices Australia had a problem with excessive _;a,
holding during the morning rush into Sydney airport.
For noise constraints, the airport does not open unti
6am. Long haul flights were regularly arriving early,
partially due to inaccurate wind forecasts and partially
because those aircraft at the end of the rush wen
subject to even greater holding. Airservices Australia
developed the ATM Long Range Optimal Flow Tool
(ALOFT), which allows pilots to control speeds up to
1000 m!les fr.om Syqney airport during the.mommg Figure 9. Comparison of time based inefficiency vs. combidistance and
peak. Airservices estimated annual fuel savings to be vertical efficiency
nearly 1 million kg in 2008 [14] [15].

3) Delta Airlines is using a dispatcher based system t Since the actual cruise true-air-speed for each flighttis no

slightly alter speeds in order to reorder their flights into"0WN. it is assumed for simplicity that, on average, time ca
AtI%tht for bqu)iness reasons [16]. This procegs begirge absorbed by S'OV.V'”g dowrithout additional fugl burn. In
when flights begin cruise level and is transparent tgcalty. the change in fuel burn to cover the distancénéo
r@rmmal area will vary from flight to flight wh|Ie_ (educmg
adjusted, they are increased for repositioning and t peed could actually increase the fuel burned durinigecfor

increase throughput early in the queue in an effort t ights' already operating c!ose to its .optimu'm. speeq, aeerag
reduce overall delay in an arrival bank experience documented in the United Airlines trials into

Heathrow, yielded fuel savings from slowing down in cruise

All three of the above examples rely on the capability of13]. For this reason, the benefit pool associated raduci
aircraft flight management systems (FMS) to efficientlyterminal area delay through speed reduction during cruise m
absorb needed time. In current practice across bettus be understated.

and Europe, there is limited use of speed control en-route To further investigate savings from reduced speed ineruis
where the FMS capabilities are used. To maximize fuel gavinadditional data is needed for true airspeed and airceifshiv
benefits from reduced speeds in cruise for terminalestimn,  Information from airlines on their normal operating practices
a procedure is needed where all airlines participate equitablglong with BADA modeling could also be used to approximate
these additional fuel savings. The United Airlines trials
estimate this savings to be nearly equivalent to the offset o
terminal delay captured here.

—+ Mach

! Because Delta is operating with other airlines iAtlanta, unilateral speed
reduction can result in moving further back in éneval queue.
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B. Methodology for calculating fuel savings from speed
control in cruise

Unconstrained benefit pool (both in terms of fuel saving
and time saving) on a per flight basis is used as a stading p
for this exercise.

Speed reduction: 5%
Delay threshold: 1.5 minutes
Maximum cruise: 90 minutes

180+
160+

140 i

100+

80 - I IIIIII I
l I|I i | P

120 B Potential Fuel Savings

Remaining Fuel After Savings

As a conservative baseline for all carriers, it is assutimed
speed can be reduced by up to 5% from the flight crpseds
This is equivalent to saying that approximately 3 minutes can
be added per flight hour.
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Furthermore it is assumed that speed control is achieved it
the last 90 minutes of the cruise, giving a maximum additiona
time en-route of 4.5 minutes.
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As a high scenario, parameters can be changed toed spe Figure 11.Potential fuel savings (US airports 2009)
Fig. 12 and 13 display potential time and fuel savingsén th

reduction of 8% and a speed control duration of twordou
This is equivalent to a maximum of 10 minutes which can b? . - .

erminal area due to speed reduction in cruise for several
constraining parameters. Both show actual curves véasks

added per flight during cruise.

Given the need to maintain pressure on the airporhead time from 40 to 100 minutes with the pairs of cufge
combined with current navigational accuracy to achievaates different levels of navigational accuracy (1.5 minute arid 2
arrival times, a threshold of 1.5 minutes of terminal aedayd minutes of remaining excess terminal time).

was considered.

From earlier results in part 1, if flight-specific additional
time within 100 nm is less than or equal to 1.5 minutes, nc
change is made.

However, if additional time within 100 nm is greater than
1.5 minutes, aircraft speed reduction is used during th®0as
minutes of the cruise. For short haul flight time, cruises wa
assumed to start 15 minutes after take-off, therefore lignitin
the time that may be available for speed control.

With a conservative assumption of 5% speed reduction, it i
found that up to 20% to 30% of the total unconstrained poa
can be considered recoverable. Fig. 10 and 11 incliudera
level results for potential excess terminal area time absanbed
cruise as well as associated terminal area fuel saving34for
US airports in 2009.

Speed reduction: 5%
Delay threshold: 1.5 minutes
Maximum cruise: 90 minutes

M Potential Time Savings

Remaining Time after Savings

Additional time [minutes/arrival]

Figure 10.Potential time savings (US airports 2009)

As expected, the NY area airports (PHL, LGA, JFK, and
EWR), have the potential for the largest gains. Howether,
d|ff|culty in implementing speed control might also be highes
in this area.
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Figure 12.US - 5% max speed reduction
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Figure 13.US - 8% max speed reduction

Fig. 12 provides the results with a maximum of 5% speed

lreductlon while Fig. 13 shows the results for of up to deed
reduction. Note that in each case, the potent|al fuel saving

percentage is larger than the potential time savings. Thigis d
to the higher fuel burn rate for the longer flights (ilarger
aircraft). With longer flights, there is more opportunity to



utilize the full time allowed for speed control. This also
explains why at the shorter cruise time (40 min.) the urve

Terminal time absorbed in cruise with fuel savit
- 8% speed reduction -

tend to converge. 50% Fuel (1L5)
Fig. 14 and 15 show an estimate of the potential time anig 40% —a—Time (15)
. . . . . S .
fuel savings in terminal areas through the application ofdspee 3
control in cruise at the main European airports in 2009. g 30% —6—Fuel (2.5)
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Figure 14.Potential time savings (Europe 2009)
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Figure 15.Potential fuel savings (Europe 2009)

London Heathrow (LHR) shows by far the highest potentia
in terms of potential time and fuel savings in Europe, fedid
by Frankfurt airport (FRA).

Fig. 16 and 17 depict curves for potential time and fue

long haul flights arriving at an airport. Fig. 18 shows the
relationship between the potential fuel savings from dpee
reductions in cruise versus the flight distance for Europe.
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Figure 18.Fuel savings from speed control versus flight lbr(@urope 2009)

The comparison of the results for the US and for Europe
suggests the potential fuel savings to be higher in Euof{es
Peaching between 30% and 50% of the unconstrained benefit

savings in the terminal area as a function of available &ruispool. Some limitations in the US dataset may drive an

times for speed reduction (same as US figures). Thedinde
fuel curves are calculated for a threshold of 1.5 and 2.
minutes of delay remaining in the terminal area.
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Figure 16.Europe 2009 - 5% speed reduction

increased vertical inefficiency bias, but overall resulésy rstill
be conservative.

These results illustrate that international airports with long
haul flights have the greatest potential for fuel savings. The
potential savings may even be larger than estimated in this
analysis, because the calculations are based on averelge f
burn. Long haul aircraft are on average much largertaurn
much more fuel per minute.

IV.  PRELIMINARY CONCLUSIONS

Considerable focus is being placed on the role of optimal
descent profiles as a means to reduce fuel burrticekeand
horizontal inefficiencies on descent are primarily a fuorctf
absorbing necessary time to manage runway capacity
constraints. The results of this analysis show that in @net
periods, ATM management could start well before top of
descent to reduce fuel burn. Conservative estimates iadica
that more than 30% of the excess fuel burn on desoaiid be



reduced independent of increasing capacity through better

combined ATM and airline procedures.

(8]
As illustrated in the analyses, long haul flights have the

highest potential to save fuel through the application eédp
control in the cruise phase of flight. Furthermore, thetddn

Airline trials suggest that the recoverable pool in highlyl®

congested airports like London Heathrow is even highgr [13

Additional findings suggest that assessing benefit pools on
and horizontall1]
inefficiencies produce similar results to the time based method
introduced in the US Europe ATM Performance Comparisons.

descent using the combined vertical

This total benefit pool is a key component of understanttie
recoverable benefit pool related to improved ATM pthres,
as well as additional arrival capacity.

More research is needed to further assess the potent[@'ﬁ

Flight Test for Louisville International AirportJournal of Aircraft, Vol.
41, No. 5, 2004, pp. 1054-1066.

Robinson, John E, Il and Kamgarpour, Maryam, “Biasef Continous
Descent Operations in High-Density Terminal AirspadJnder
Scheduling Constraints”, American Institute of Ammatics and
Astronautics, Anaheim, CA, 2010.

FAA, NextGen Implementation Plan, March 2010

SESAR Definition Phase — Deliverable D2. SESAR Peeformance
Targets.http://www.eurocontrol.int/sesar/publiafstard_page/documen
tation.html

“User Manual for the Base of Aircraft Data (BADA)Revision 3.7,

EEC Technical/Scientific Report No. 2009-003, Ewrttcol
Experimental Centre, March 2009.

[12] Gwiggner, Claus and Nagaoka Sakae, “Analysis ofl Efféciency in
Highly Congested Arrival Flows”, Electronic Navigat Research
Institute, Asia-Pacific International Symposium orerospace
Technology, Tokyo-Japan, 2010

] United Airlines Pilot Briefings, “ London HeathroWials”

(20]

Iarger benefits of speed control not Captured in the basi&‘l] Air Services Australia 2008Annual Report, Canbefastralia

methodology used in this paper. Additional research is als@®l

required to evaluate practical implementations of speetiaton

McDonald, Greg and Broonsvoort , “Lateral Intemtdes Impact on
Aircraft Prediction”, Airservices Australia , USAliEope ATM Research
and Development Seminar, Napa, California, 2009

The results in this paper aim at fostering more system levél6] Leib, Jeffrey, “Flights Flow Gets Innovative FixDenver Post, May 26,

thinking when addressing ATMs role in managing delay@lon

the trajectory in a time constraint environment. Intermatio
collaboration on best practices will
Organizations like the Civil Air Navigation

for fuel efficiency and C@reductions.

2008, Denver — Colorado.
[17] Airbus, “getting to grips with fuel economy” , Iss@, July 2004

accelerate success.
Service

Organization (CANSO) have a strong focus on best pexcti
FAA and European David Knorr earned both a bachelor of science in mathematidsanasters
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ANSPs will need to continue collaboration with Internationali” industrial engineering and operations researomfVirginia Tech in the

organizations to establish procedures that can be appliéj;j?O

consistently for airlines operating around the world.
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