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Abstract

Group: Bien, A.;
Cardoso, R.;
Pacheco, P.;
Ribas, D.
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This project intends to clarify the Brazilian Civil AWian Regulation RBAC 121
on its topic relating to the current ICAO recommendation from Doc. 9976 (Flight

Planning and Fuel Management Manual), which regardsaimenitting to the déimation
policy.

The present Brazilian regulation is not precise whetienliternate fuel could or
could not be used to proceed to the original destination without compromising the
emergency fuel, once exact specific requirements are met. As a ragutiasdr
directrices, each major airline in Brazdomprehendand applieshe ICAO
recommendation iits way. Such a nostandardized interpretation of the current
regulation certainly compromises both the airline indissgfety and efficiency in the
country. Therefore, this project proposes a more comprehensive and ctdar teg
Brazilian rules, encouraging airlines to adhere to what the ICAO recommendation

preconizes widely.

To meet this goal, therojecttakes advantage of statistics regardingdiions

and fuel planning from two major airlines in Brazil, data from ltational Aeronautical



Accidents Investigation and Prevention Board (CENIPA) concerning fuel emergencies,
and a sample of airport numbers referringuiaway closure unforeseen et®I\ survey
among Brazilian airline pilots regarding their understandinpis subject anche

airlines estimated costs for diverting to alternate airports have alsoupéized. These

data, alongside cited wedixperimented practices adopted on thatter worldwide,
reinforce the operational and financial benefits ofarmly and broadly adopting the

ICAO recommended policy.
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Resumo

Grupo: Bien, A
Cardoso, R.;
Pacheco, P.;
Ribas, D.
Titulo: InFlight Fuel Managemenrt Committing to the Destination

Instituicdo: Embry-Riddle Aeronautical University

ANo: 2020

Este projeto tem pontuito clarificar o contetdo do Regulamento Brasileiro de
Aviacao Civil RBAC 121 em seu topico relativo a presente recomendacéo da
International Civil Aviation OrganizatiorflCAO) extraida do Doc. 997@&light
Planning and Fuel Management Manyalo que & refere a politica operacional

conhecidacomocommitting to the destination

A atual regulamentacéo brasileira ndo € precisa no quéese a@ combustivel
de voo para o aeroporto de alternativa poder ou ndo ser utilizado no prosseguimento para
0 aeropaio original de destino sem que se comprometa o combustivel de emergéncia,
uma vez que condi¢cdes especificas exatas sejam cumpridas. €3uttedio de diretrizes
naocobjetivas, cada uma das grandes empresas aéreas brasileiras compreende e aplica a
recomendgdo da ICAO a sua propria maneira. Essa interpretagdo ndo padronizada da
regulamentacéo atual certamente compromete tanto a segurantpaageficiéncia da

industria da linha aérea no pais. Portanto, este projeto propde um texto mais abrangente e

vii



claro paa as regras brasileiras, encorajando as empresas aéreas a aderirem amplamente

ao que a recomendacéao da ICAQO preconiza.

Para atingir essebjetivo, 0 projeto se vale de estatisticas com relagdo a voos
alternados e planejamento de combustivel de duas dasmeompanhias aéreas do
Brasil, dados do Centro de Investigacéo e Prevencdo de Acidentes Aeronauticos
(CENIPA) sobre emergéncias relagadas a combustivel, e uma amostra dos nimeros de
aeroportos referentes a eventos nao previstos de fechament@dgeTzEstbém foram
utilizados uma pesquisa entre pilotos de linha aérea brasileiros com relagéo a sua
compreensao sobre o0 assunto e o cesticmado das companhias gerado por voos
alternados. Estes dados, juntamente com as ja largamente experimentadasasse
sentido em ambito mundial, reforcam os beneficios operacionais e financeiros da adocao

ampla e uniforme da politica recomendad@apCAO.

viii



Table of Contents

Capstone Project COMMILIEE:.........ccoiiiiiiieeeiteeee e i,
ACKNOWIBAGMENTS. ...ttt e eee e e e e e e e e e e e e e e e eeeeesbe s nnneeeeeeeees i
ADSTIACT ...t eeaaa s V.
RESUMIQ. ... e et e e e e e e e sn e e e e e e nr e e e e eened vii
Table Of CONIENLS. .. ... eeeees IX
IS A0 N = 1] =TSP TRPPPRPT Xi
LIST Of FIQUIES....ceeeeeeeeeee et e e errr s s e e e e e e e e e e e e e e e e e e aenneaeaaaeaeeeees Xii
(©4 0= T o1 (=] o APPSR 1
0T [ 1o o 1RSSR 1
Project DefiNItiON.........ooo i 3

Project Goals and SCORE...........ooiiiiiiiiiieeee e 4
DefinitioNS Of TEIMS.....uuuuiiiii e ee e eeeeenanees 5

LISt Of ACIONYIMS. ..o ree e eeees e e e e e e e e e eeeesd 6.

(@4 =T o] (=1 gl | UPSRSP 7
Review of the Relevant LiteratUre.........ccooeeeeeeiiiiiieeer e eeeeeeeeeememe e e 7
BaCKgrOUNG..... ..o 7

Fuel planning and Hfli ght fuel management..............cooooiiiiiic 9
European regulation................oooviiiiiimeee e 17
Brazilian regulation.............ooooiiii i 21
SUMIMIAY ettt e e e e e e s emnna e 23

(@4 g =T o] (=1 gl || SRR PR 25
1171 ToTe (o] (0o | F PP PRSP PP PP 25
Airline pil ot..s..Sur.v.ey..de.s.i.gnq.....25

AITIINES AALA. .. .eeeieiiiiiiiiiie e e 29

[ o Lo Ao F= 1 = USSP 31

(O3 0= T o1 (=] o AV PSP P PP PP PPPPPRUPPPTPPPR 34
[ (0] [=To1 A @ LU} (o] o 1= PSSR 34

[ 10 ST U1 V7= Y S 34

Safety perspective Airlines data............ccoevviiiiiiiiiceee e, 37

AITIINE A e e e e erenr e e e e e e e e e e e 38

AITTINE Bt 40



Safety perspective Airport data..........cccceeeeeeiieiiiieeei e 43

Safety perspectiveSUMMEAIY..........ooiiiiiiiiiiiiieeeei e eeeeneees 46
Efficiency goproach- Airlines data...............cccccciiiiimeenniiccciiiiiiiieeeeeeen . 49

(@4 g F=T o] (=] SV /RS SPPPSPSRN 51
Conclusions and RECOMMENAALIONS. .........uuuurrieiiiiiieeeiiirree e e e e e emre et 51
(@] 3 Tod 81510 o 1 PR 51
ReCOMMENAALIONS......ciiiiii e 53
Limitations of the StudY.............oeeviiiiii e 54

The infomation gained from the study.............cccuvviiiiiiieeeiii 54
Conceptual IMPlICAtIONS.........oooiiiiiiieeee e 55

Future IMpliCatiONS........cooiveieee e errn e e e e e e e 55

] (=] €= o = SR 56
APPENAIX ALttt ettt e e e e e e e e e e s amar et e e e e e e e e e e e e e e e e s annnne e e e e s nnnnnne ] 60
PHlOL'S SUIVEY... ..ottt e e e e e e emmm e e e e e e e e e e e e e e e e e e e e s ananraaaaaaaaees 60



List of Tables

Table 1- Airline A descriptive statistics results..............ouvvviiiiiiiccceeeeee, 39
Table 2- Airline B descriptive statistiCs reSUltS.........ccceeieiiiii e 41
Table 3— Unscheduled occurrences during 2Q19............oooovviiiiiie e 45

Xi



List of Figures

Figure 1- Cost and Expenses Composition concerning Brazilian Airlines (A02Q).2
Figure 2— Minimum fuel required by RBAC 121...........cuumiiiiiiiiiiiieeeiieiieeeeeeeeeeeeees 11

Figure 3— Fostering a culture that ensures safety standards from the planning phase until

1011 F= T o 10T PP P PP P PP PPPPTTPPPRPP 13
Figure 4— Expected fuel onboard close to the destinatian................ccccoveeeevvvnnee. 15
Figure 5- European Ifflight fuel management regulation................cooooeiiieeneeennn 19
Figure 6- Safetyissues number of OCCUIMMENCES..........ccvveveeeiiriiemmiiireee e 20
Figure 7— Brazilian market share December 2019............ccccoeiiiiiiiiiicce e 29
Figure 8- Pilots Survey Results in percentage............coooocuviivimmmniiniiiiiiiieieeeeee 35

Figure 9— Airline A probability concerning diverted altertieaflight time (minutes)
(o (U1 oY I 0 TP PP PPPPPPPPPPPPR 39
Figure 10- Airline A - Number of events per alternate flight time during 2019.....40

Figure 11— Airline B probability concerning diverted alternate flight time (minutes)

............................................................................................................................... 42
Figure 13- Type of operation during 2010............cccuuiiiiiiiiieeeiiiiiiieeeee e 43
Figure 14- Comparison between business and weekend days during.2019........ 44
Figure 15- Hourly average movements on business days during .2019............... 44

Figure 16- Airline A alternate fuel that could be converted to holding time versus

unscheduled airport events duration...............oovvveeviimemreeeeeeeeeeeeeeei e eeeeeeeeees 48

Xii


file:///D:/Google%20Drive/PESSOAL/Embry-Riddle/Capstone/Group%202%20Capstone%20in-flight%20fuel%20mgmt_committing%20to%20destination%20v48.docx%23_Toc55151559
file:///D:/Google%20Drive/PESSOAL/Embry-Riddle/Capstone/Group%202%20Capstone%20in-flight%20fuel%20mgmt_committing%20to%20destination%20v48.docx%23_Toc55151560

IN-FLIGHT FUEL MANAGEMENT —COMMITTING TO THE DESTINATION 1

Chapter |
Introduction

Since the first half of the twentieth century, a period in whictraft evolution
took place quickly and robustly, aviation ldmngedconcerninghe guidelines,rules
and laws that regulate air activitlCAO, 2020) Over time, these changasn to
maintain the flight operations in the highest safety standards, profoundly contributing to
this activitys efficient developmenthe policy ofminimum fuel requiedcould not be
different. Severaluel regulationdave already been created to nadine qoerators
need worldwide (Tang, Wu& Tan, 2020).Norms seek th industrys high safety
standardconcomitantlyallowing airlines to enablerofitableoperationgegarding

passengers and cargo transport in the domestic and international network

In thesecond half of the last century, regulatory changes over time allowed
competition between airlines, as many of them had previously operated in government
regulatedmarkets(ITF, 2019). This competition started to happen in an indusiti
high fixed and ariable costs and reduced profit margiviagigh, Fleming & Tacker
2018) This newaviation eréhas further intensified the search for cost optimization
especidl concerninguel efficiency,one of the main costectors for this industry
worldwide, which is even a more comprehensive touchy poinaforBrazilianairline

(ANAC, 2019.
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Costs and Expenses Composition
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Figure1i Cost and Expenses Composition consegiBrazilian Airlines (NAC, 2020).

The great dilemmghen becaméhe proper fuelquantity to be supplietb execute
a given flight, sinceroviding less than necessdnel impacts thdlight safetydirectly.
Also, fill ing more tharwhat would be strghtly essentiato fly that sector safg would
negatively affectheairline's costasfuel burnis directly related to thplanés weight
The heavier it is, thhigher theuse.On average, an aircraft will burmoaind0.025kg up
to 0.045kgof fuel for each Kogramcarried per hoymwhich stands for 2.5% up to 4.5%
of the extra weight (ICAO, 2014Equalizing tle Risk and Cosbalance concerning fuel

has beerhallengingfor regulatory agenciesorldwide and alhirlines.

The developmenaf modernaircraft and the atire industrys infrastructure
alloweda significant improvement iseveral systemaccuracy and reliabilitysuch as
the flight management systeMowadays, lte systems are integrated with other company
tools,like computerized flight planng, enablingbetterdataanalysis and increasing the

amount of information available for the airli(®ltus, 2009). Therefordyetter fuel
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monitoringbecame possibl@long witha more reliable and accurate consumption
forecast throughout the fligiikCAO, 2015) Moreover, there has been an evolution in
airlines risk management processe the last decaddgkroughdata collected byools
such as Flighbata Monitoring(FDM). This systenuses real databtained all ovethe
flight for various purposescludingfeedng the risk management matrix with reliable

information (EAFM, 2017)

In the wake othis cadencedechnological evolution, ICAO released a publication
to update some guidelines that emphasized the importance of fuel planningflayid in
fuel managementheDoc 9976, als&known as-light Planning and Fuel Management
Manual.This manuakncompasses tlmmmmitting tahe destinationpolicy, among other
topics an in-flight fuel managementecisionthattargets theéncreaseof flight safety
levels and efficiency standard# offers pilots more flexibility to go through their
decisionmaking processoncerninghe landing aport. Simultaneouslyit reduces

airline costs, as #voids unnecessary divertiights (ICAO, 2015).

Project Definition

This project aims to: (ajollectdata, through an online survey, to demonstrate
that the concept of #flight fuel management, also known@smmiting to the
destination(which meansigng part of the alternative fuelriginally planned to land at
the destination)is not widely used by Brazilian pilgté) demonstrate through that same
researchhat the Brazilian regulation (RBAC 121), in its chapter 121 (@8ight fuel
management notpreciseabout the possibility of gomitting tothedestiration, as

recommended by ICAGand already contained in several regulations from different
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nations such as all European Union countries (EASA, 2019), and the United Arab
Emirates (GCAA, 2020)c) demonstrate the advantagesaking a clear and
comprehasivecommiting to the destinationpolicy concerninglight safety, as well as

thereduction in airline costs.

Project Goals and Scope

This project aimsat thoroughly demonstratirtatthe commiting to the
destinationpolicy recommended by ICA@orksas an additional tool for pilots in terms
of in-flight fuel management. The-analysis during the flight allows thudot-in-
command (PIC) to convert the fueitially planned fodivertinginto fuel tocontinueto
the destination That procedure couldhty be accomplished oneegulabry-defined
conditions such agthe meteorologyanda reliableexpected approach timeere reached
to ensure the aircraft would land with the usable fuel equal or higher than the final

reseve fuel(ICAO, 2015).

Thereforethis project intendso provea gap in the Brazilian regulation regarding
thealternate fueliseto allow the landing at the destination airpriough research
carried out with airline pilots. Moreover, the work shall exptheefactthe Brazilian

aeronatical communityis not adequately makingse of thisraluableoption.

Nonetheless, modifying this aspecttloé currentregulation vould allow an
additionalpossibility for pilots to decide the best course of action aftarefd analysis
of the conditonsfor boththe destination and alternate airports, as well asetiaining

fuel onboard in a given scenarid hus,this work intendgo directly contributeto
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improving flight safety, minimizing the risk of an emergency fuel situationyaading

airlines cossregarding diverted flights

Definitions of Terms

Alternate fuel

Emergency Fuel

Final Reserve Fuel

The amount of fuel required to allow the execution of a
missed approach at tllestination aport, climb to the
cruise altitude, fly on the route to the alternativiepart,
descend to thmitial approacHix, andperform the
approach land ahealternateairport (ANAC, 2020,RBAC

121.6% () (4)).

When the amoant of usable fuel that would be available
when landing at the nearest aerodrome where a safegandin
can be made is less than the amount of planned final

reserve fuel ANAC, 2020,RBAC 121.648 (b) (3)).

For airplanes with a turbine engine, the amount of fuel
required to fly for 30 minutes abldingspeed1,500 feet
over the elevatin of the aerodrome undére ISA

atmosphereANAC, 2020,RBAC 121,645 (c) (5) (ii)).
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List of Acronyms
ANAC
APU
ATC
ATM
ATS
CAA

CENIPA

DECEA
EASA
FAA
FOQA
FOO
GCAA
ICAO
ISA
MFOD
occ
PIC

RBAC

Agéncia Namnal de AviacacdCivil

Auxiliary Power Unit

Air Traffic Control

Air Traffic Management

Air Traffic Services

Civil Aviation Authority

Centro Nacional de Investigacdo e Prevencao de Acidentes
Aeronauticos

Departamento de Controle do Espaco Aéreo
European Union Aviation Safety Agency

Federal Aviation Administration

Flight Operatioal Quality Assurance

Flight Operational Officer

General Civil Aviation Authority- United ArabEmirates
International Civil Aviation Organization

International Standard Atmosphere

Minimum Fuel Over Destination

Operations ContraCenter

Pilot-in-Command

Regulamentos Brasileiros de Aviagao Civil
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Chapter Il
Review ofthe Relevant Literature
Background

The aeronautics industry has undergone several changes oventiste,
commonlydue to compliance with standards thasureconstant improvement félight
safetyand efficiency levelsOne of theelevantaspects contributing to the system
overall safety goal concertise fuelcalculationpolicy duringtheflight planning phase.

At the end of the forties, regulatioemergedo define rules concernirfgel
planning policiedor civil aviation. However, thse were times whdnghly developed
technologes werenot part ofpeoples daily life, let alone a dawning industryhe
aviationsystemnetwork was then dealing witmreliable meteorological reporthallow
support from flight dispatch teasto assistith flight planning, precarious and scarce air
navigationaids and unreliablaircraft instrumentsAltogether, these conditions affected
precise predictions fduel consumptionUnderstandably hiat scenariaused to end up in
excessivduel loading asnecessary tensureherequired operationaafety level
(ICAO, 2015).

The advancement of technology has brought the aeronautical market more
predictability and acaacyregardingflight planning variables. That was made possible
through the faspaced @velopment of tools and resourcsesh agthe computerized
flight plan, preciseweather forecasindfuel consumptiorcalculationsand more
efficient flight routes & the multiplication of navigation aid$hisindustrys evolution

allowed airlines t@wontinuously reanalyzethe operational processkeyg using updated
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information through statef-the-art equipmentboth in theflight planning and irflight
phases (ICAQ2015).

Since the 1980s, the airline industry has experiencedta@melycompetitive
environment amonds playeran most domestic and international markets. Thesent
reality stimulates macutersearch for operational improvement, whiokansheing
operationallyefficientand promoting, at the same tinfigght safetyto higher standards
The reduction in operating costs became a comigsuefor all companiesTheir
betterment on this mattes directly linked to the evolution and optimizationtioé flight
planning phase (Singh & Sharma, 21

Thefuel burn reluctionalso contributes positively to tlegvironmentreducing
harmfulgas emissions, such as carbon dioxatel carbon monoxidg.i, Yang, Liu, Yu,
Tian, Zhou, Zhang & Wang, 2018)he canmonly called'green practicé'sand their
operational actions algmsitively impactany airlines overall revenue and imag
(Migdadi, 2018) The concern with naturaésources and the plaretvironment has
become a excellemh value for many passengels.this regard, thairline industryalone
was responsible for around 2.4% of all global carbon dioxide emissions in 2018 (EESI,
2019).Thereforejt became crucial faregulations and procedures to be aligned with this
market demantrend since procedsased actions haveital participation in thesearch for

efficiency (Migdaldi, 2018).
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Fuel planning and inflight fuel management

The Civil Aviation Authorities (CAAworldwide areresponsible for efining air
operations regulations, preferably followil@AO guidelines andecommendations
CAAs need taconsiderthdar regions characteristics and particularitiand the airlines
theyoverseavhendeveloping and agpting such standard$hose organs will strive to
maintainthe best possibl@racticesand alance betweetheir systerts flight safety and
efficiency.

The regulations regarding flight planning playemsentiatole in this process.
They are usuallprepared considerirtipe air traffic management (ATM) capabilities,
national weather forecast $gm, airport ifrastructure, andirport availability, among
otheraspects and trai{$CAO, 2015).

As per the countrg continental dimensioyBrazil's civil aviation system workas
a vitaltransport modéo leveragets economiesocialdevelopment. Thauthority
respansible forestablishingand supervising aeronautical regulations isAgéncia
Nacional de Aviacao Civ{ANAC). Like mostsimilar agencies worldwideghe Brazilian
governmental entitis responsible for ensurirtge civil aviation playerand stakeholdsr
complywith the standardis develops and definethuskeepingup thesecurity and
safetypolicies and practices with wordass levels

The operation of airlines is regulated by Begulamento Brasileiro de Aviagao Civil
(RBAC) 121. Paragraph 121.645 regulates the minimum fuel required fbght's

execution impacting thecompaniesflight dispatch departmestflight planning phase
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According to thiscurrent regulationevery operatotaking intoaccount thewveather
conditions aveable,mustensure that a jet plane has sufficient fug/ANAC, 2020)

1 Taxi the aircraft at the origin airdrome.
Technical termTaxi fue| consideringhe characteristicat the @field of origin,
and if applicable, theamount offuel concerninghe Auxiliary Power Unit (APU)
fuel consumption.

1 Fly to a destination airdrome.
Technical termTrip fuel, which is the fuel required to fly the destination
airport, what considers enough quantity to take difnb, operate in &ruise
flight level, descentapproachand landat the destinatign

1 Fuelfor unforeseen situations.
Technical termContingencyuel, which stands for the amount of fiegjuivalent
to 5% or 10%of the trip fuel(depending on whether the airline has a fuel
consumption monitoring prgram)

1 Fly to an alternativairdrome.
Technical termAlternat fuel, which is equal to the amount of fuel required to
perform a missed approaatiimb, fly on the cruise flight leveldescentcarry out
anapproactprocedureand land at the alternatiagfield.

1 Fuel to carry out a hoildg procedure wer the alternateairport.
Technical termFinal reserveuel. It must be equal to the amount of fuel required
to fly for 30 minutes at 1,500 feet, near the akltine airport at holding speed,

ISA conditimns.
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1 Additional fueluplifted to cover dispatched technical issues.
Technical termAdditionalfuel. Fuel added to comply with a specific regulatory
or company requirement.

1 Extra fuel uplifted due to pilot dlight dispatcher discretion.
Technical termExtrafuel. The optional amount of fuel above the minimum fuel
required by this regulation, defined by flight dispatcher or captain discretion.
For a better understanding of the rules regarding the minimumeipaired,

Figure2 below shows each quantity fuel neead by the regulation:

ADDITIONAL FUEL
(if applicable)

EXTRA FUEL
(if applicable)

\

Figure 27 Minimum fuel required by RBAC 121.

Fuel represents one of the highest operational costs. Therefore, airlines
understandably seek to reduce this expense as mucksaklpoHowever, this cost
depends on two factors, only: the fuel price and its operational efficiency (Ayra, Insua

and Cano, 2014). As the kerosene (jet fuel) market value is beyoatllithes cortrol, it



IN-FLIGHT FUEL MANAGEMENT —COMMITTING TO THE DESTINATION 12

remains for the companies to develop policied procedureso optimizethis resource,
thus improvingheir efficiency Therefore, fuel planning and-fhght fuel management
have gained paramount importance in the last decades since optimératiefficiency
necessarily develop through these twag#s (ICAO, 2015).

Fuel planning optimization is currently enabled througidern tools and
software. Flight dispatchers have access totnes data The availablanformation
allowsfor more econoimcal flight levels and optimigsthe alternative airporthoice
(depending on the weathaiirline's local infrastructure, and overall cosS)ateof-the-
art technologiefacilitate determining theptimum speed and even defining the amount
of fuel for holdingclose to the destination to avoid an undesinedetand money
consuming diversion.

All these tools increase safety margins and efficiency, decreasing the fuel quantity
needed for that given flight, which also results in reducing the aircraft fuel cotisamp
(ICAQ, 2015). It is worth highlighting thahe lack of predictability and updated data
would cause a more considerable amount of fuel to be carried than necessary, increasing
the operational costs (Hao, Hansen & Ryerson, 2016).

In 2015, ICAO publishe the Doc 9976 Flight Planning and Fuel Managemen
(FPFM) Manualstressinghe importance and the interdependence between planning and
in-flight phases regarding fuel efficiency.

Following ICAO recommendations and guidelines, some aeronautical authoritie
have adopted procedures in their regulatioas @llow airlines to operate more
efficiently (EASA, 2016 & GCAA, 2020), seeking to raise #gleeadyhigh safety levels

experienced by the industry. ICAO stresses thdlight fuel management policies amt
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replace those for fuel planning; however ytigeiarantee that th@anning phase
considerationgre continually validated. This continuous evaluation arehedysis

ensure that the flight is carried out within the required safety standards with maximum
efficiency. Figure 3 shows thegsflight processuntil the safe landing, makirgyident

the intedependence between the planramgl the iAflight phase (ICAO, 2015)

SAFE FLIGHT COMPLETION
(Flight planning assumptions
) In-flight fuel Pre-flight . . continously validated and
Pre-fll'ght checks and fuel assumption Adjustmentif - fina| reserve fuel protected)
planning necessary

management re-analysis

Destination, (applicable)
alternate or nearest
aerodrome where a safe
landing can be made.

Figure 31 Fostering a culture that ensures safety stand#rais the planningphase until the
landing

During theflight execution, the flight crew isesponsible for monitoring the systems
andchecking fuel consumptioversus fueplanned by the flight dispatcher. Any
difference between thexpeced and the actual fuburnedcan impact the operation. As
ICAO Annex 6 makes clear, tipdots in-flight fuel managememhust guarantee the safe
completion of therip. For that purposesome deviations from the initial planningght
benecessarysuch as divergent routings, weather, mechanical failures manatyame
different speeds due to ATC requefdsreich, Whitlow, Miller, & Allen, 2002)

Reconciliationbetweertheactual performance arideflight dispatcher planning is vital
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to the inflight fuel managemerguccessand it must be done on an ongoirasis
(ICAO, 2015).

Among other duties, thglot-in-command PIC) must monitor the amount of fuel
remaining on board and ensure that a safe landing can be madmaliteservefuel in
the tanks(ANAC, 2020). Many factors cacontribute to the real fuelbbonsumption being
higher than the planned fuelirn, such as (ICAO, 2015):

1 Longest authorized route.

1 Less economic flight levels.

1 Aircraft heavier than the planned weight.

1 Different winds, with a highemeadvind component than forecasted

1 More extendedaxis at the airport of origin.

1 Speeds required by traffic control are less economical than planned.

1 Extra holding time due to ATC flow control.

The flight crew needs to hatleeflexibility and understand the respective regulations
to performadequateén-flight fuel managementt will be the pilotscall to make the
necessary decisions to arrive at the destination, complying with the legal requirements
from doors closing an

In general, the aircraiftitiates an approach proceddiog landing at the d&ination
with feweravailableoptions than wheit took off. Regardless of the flighime and
operational peculiaritiegtheamount offuel in the tanks during the descgaseas very

similar for airliners as shown in figurd:
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EXTRA FUEL
(If applicable)

1 ]l DESTINATION ALTERNATE

 FINAL RESERVE

Figure4i Expecteddel onboardclose to the destination.

At this point in the flight, pilots need as many options as possible to manage any

unforeseen situation. Depending on the amount of fuel onboard and some factaas, such

weather and air traffidhe crew might alternate. However, the opfienproceedingo

analternative airport isisuallythe last resarcein the flight crewis decisionmaking

process. In addition tiheimpaired punctualityaspectdiversiors producemary costs for

the airlires, as shown below (Ayra, Insua & Cano, 2014):

1 Additional Air Traffic Services (ATS) charges.

l
T

Fuel costs.
Maintenance costs.
Handling costs.
Crew costs.

Other costs, including passenger costs (meal, hodekportation, among others).
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Concerning all thee potential efficiency setbacks mentioned abtv&0O developed
and recommended a procedthatgivespilots more optioato accomplish theim-flight
fuel management in thariginal destinatiols vicinity. This policyis called'committing
to thedesthation” It allows thecaptainto convert the fuel initially planned by the flight
dispatcher as aalternate fueto land at the destination airport. Rather than divegitb
the alternateairfield, this pactice allows theaptainto "diverting orcommitting” to the
flight's originaldestination. In other words, subject to assessing reasonable certainty of
landing, it makes alternafael available to proceed to thestinationSome
circumstancemustbe present in thgivenscenario so that telC can commit to the
destination, such as (ICAO, 2015):

1 An assured landing in the prevailing and immediate forecast conditions (including

likely single equipment failures)
1 An expectedapproachtime or confirmation from ATC of maximum likely delay
1 Landingmust be done with the amount of fuel planneéiras reserve fuein the

tanks.

Thecommitting tothe destinationpolicy recognizes that treews assessment of
meteorology and traffic over the destinatioassiderablymore reliable and accurate
than the same evaluatiaconcerninganalternative airport. Sometimes, it is necessary to
fly for onehour to the alternatairport. The aircrafarrives with the amaou of fuel very
close to thdinal reserve fuefequivalent to 30 minutes flight endurane), without

much margin to carry out a holding procedure at the alternative aixaneover the
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detouring flight timeaffects the predictability of weather cotidns andhe alternative
local air trafficsituation that should have been considered balorerting Not to
mention the risk of unforeseen events, sucthapossibility ofabird strike experienced
by another aircraft a few minutes before landingicWliswally suspends the runway
operation fols to 15 minutes (due to the need for a runaagessmentThere could also
be an airport electrical power shortage airport bomb threat, an aircraft failure blocking
the runway, or any other issue drivifgetairport operations to become impracticable
The more fuel the aircralftas at that decish point the more waiting timéhe flight crew
will have to deal with thélisruptivesituation(Drees, Mueller, Schmiei¥oll, Gontar,
Zwirglmaier, Wang, Straul2017). The PIC will then have the prerogative decide
whether to divert or remain on hold cldsethe original destination, ensuring landing
with noless tharthefinal reserve fuel

It is crucial to highlight that st diversion decisionsegardless athe"divertto
thealternaive" or "committo thedestinatiofl strategy adoptednean that thaircraft
will land withoutafurther alternate giortavailableconsidering its remaining fuel. This

fadt makes this decision not uniqUl€AO, 2015).

European regulation

The United States and Europe have thenvest robusaviation operatinal
environmens in the world.Although both haveeliablesystemssome features
distinguish one from the other. Europe has a fragmented Air Traffic Systaposed of
approximately 40 Air Navigation Services Providenskingcollaborative decision

making difficuk (ICAO, 2015). Besides, the exchange of information between ATC
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Centers and airlines is restrictéidyiting the companiesflight dispatching and
Operational Control Centre (OCC) departméepteactive performanc&Vhen it comes
to theUnited Statesystem there is a constant action by the fliglispatchershatfocus
onassising pilots by providingrelevant flightinformationand participating in iilight
management. The regulation responsibleAimerican companiésperation Code of
Federal Regulation&CFR) Title 14, Chapter I, Part21- makes the flight dispatcher
accountale for complying with established standards £&R2020). In Europe, as in
Brazil, in-flight fuel managemerdnd diversions are almaste captaits responsibiliy
solely. This operationatharactéstic shared betweethe Brazilian and European
systems makes airlines, through their pilots, more reacéther than predictive or
proactive in the decisiemaking process (ICAO, 2015).

Commiting tothedestinationpolicy is already adoptealy Europea regulation
The PICbearshe responsibility and authority to decide, in compliance with legal
provisions whether to proceed to the alternative or to usealtieenatefuel to land at the
destination

As Figureb makes clear, if the crew foresees aliag at the destinatioairport
with the fuel quantty lower than the amount required ftivertingadded to théinal
reserve fuelthe decision to proceed to the destination or contmtlee alternate
airdrome is up to the commandBesides, he/shmust always make a careful analysis
concerningdestinaton and alternatairdromes conditions to assuhat the landing
occus with thefinal reserve fueh the tanks, according to tliiropean Union
regulationN°® 965/2012, CAT.OP.MPA.280 In-flight fuel management aeroplanes

(b)(2)() (EASA, 2019), preseedin figure 5below:
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CAT.OP.MPA.280 In-flight fuel management - aeroplanes

Regulation (EU) No 965/2012

(b)  In-flight fuel management

(1)  The flight shall be conducted so that the expected usable fuel remaining on arrival at the
destination aerodrome is not less than:

(i)  the required alternate fuel plus final reserve fuel; or
(i)  thefinal reserve fuel if no alternate aerodrome is required.

(2)  Ifanin-flight fuel check shows that the expected usable fuel remaining on arrival at the
destination aerodrome is less than:

(i)  the required alternate fuel plus final reserve fuel, the commander shall take into
account the traffic and the operational conditions prevailing at the destination
aerodrome, at the destination alternate aerodrome and at any other adequate
aerodrome in deciding whether to proceed to the destination aerodrome or to
divert so as to perform a safe landing with not less than final reserve fuel; or

Powered by EASA eRules Page 657 of 1764/ Oct 2019

Figure51 European Inflight fuel management regulation.

The concept ofomnitting tothe destinationis widely used by European airlines
(ECA, 2017),and operatorshowcasgoodnumbers regarding safety events related to
fuel management. Among 40 safety issues analyzetthéyafety Intelligence and
Performance Department of EASKeferring to 2019 data (EASA, 2020), fuel

management events avae of the mostnusuakituations as shown in figuré below:
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State of wellbeing and fit for duties e

Handling of technical failures

Crew resource management

Monitoring of flight parameters and automation modes
Flight planning and preparation

Braking and steering

Approach path management

Entry of aircraft performance data

Deconfliction between IFR and VFR flights

Adverse convective weather (turbulence, hail, lightning, ice)
Fire and smoke effects

Airborne separation with RPAS

Runway surface condition

Incorrect rotation at take-off

Excessive speed in manoeuvring area

Flight crew incapacitation

ACAS RA not followed

Icing in flight

Bird/wildlife strikes

Wake vortex

Aircraft maintenance

Icing on ground

Experience, training and competence of flight crew
Clear air turbulence (CAT) and mountain waves
Carriage and transport of lithium batteries
Windshear

Baggage and cargo loading

Alignment with wrong runway

Emergency evacuation

Safety education of air passengers

Explosive door opening

Fuel contamination and quality

Inappropriate flight control inputs

False or disrupted ILS signal capture

Handling and execution of go-arounds

Fuel management

Supporting information to front-line personnel
Volume and quality of the information in NOTAMs
Management of repetitive defects on safety critical systems
Fatigue (FTL)

I
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Figure61 Safetyissuesnumber of occurrences.

Note: Bvery occurrace receives aAggregated European Risk Classification Scheme
(ERCS)risk classification The overall risk level isalculated definingthe risk level and
thecritical risk arealt ensures that the issue has been correptigifed and evaluated

(EASA, 2020).
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The few events related to-fight fuel management in Europe reinforce the
central idea defended by ICAO alb@emmitting to the destinatipprovidingan
additionaloption for pilotsin the decisiormaking procesghus maintaining the
operationbsafety levelsBesides, it prevents some flights from goinguioalternative
airport, contributing to theeduction of airline€scosts and the reduction of CO2 emissions

into the atmosphere.

Brazilian regulation

ANAC, following thelCAO guidelines ad through the RBAC 121 regulation,
defines the rules and policies applicable to all Brazilian airline corapdnincludes the
strategies applied by the flight dispatchers regarding fuel plannintharelevantrules
concerningn-flight fuel managemdan{ANAC, 2020) Every airline pilot must be aware
of this regulation andheimpactsit causs on dayto-dayoperations. The content related
to fuel planning, including the rules tregtablisithe minimum fuel required, is widely
known in the aeronauticehvironmentEveryoneinvolved in the operatial scenario
dependon it to comply with legal requirements amgintain the safety levelithin the
standards required poththe operator and ANAC.

TheBrazilianregulatory agency recently modified theerthat regulatethe
contingencyfuel, allowing it to be equivalent to 5% of tlgp fuel for airlineswith an
active fuel monitoring program (ANAC, 2020). This reductoterifies that the agency
and the Brazilian operators align with ICAO practiced commendations and work

towards an eansafe andmoreefficient operation.
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Regarding inflight fuel managementhe RBAC 121paragrapi21.648
recommendthefuel's continuous monitorinthroughout the flightlt also statethat no
aircraftis allowed toland withless tharthefinal reseve fuelin its tanks However it
does not include the guidelines published in 2015 by ICAO, in Doc 9976, which
encourages CAAs to adopt tbemmitting to the destinatigoolicy in their regulationso
provide more ptionsfor thepilots during the final phase ther flights.

Therefore, itdoes nohighlightthe possibilityfor the PICto usepart of the alternate fuel
to performthe landing at the destination airport. (ANAC, 2020).

Concerning the lack of clarityf this reguléion's aspect, the three major
Brazilian airlines proceed by their means on th#light fuel management matter. Those
companies will be referred to as Airline A, Airline B, and Airline C, regarding their
policies confidentiality.

Airline A adopts a moreestricted model than ICA§) not leaving much room for
broader utilization. Airline B adopts rammmitting to the destinatigsolicy nor cites this
resource in any of its operational manuals. Airline C, on its side, utilizes an approach in
its publications that is very similar to what is recognized on ICAADoc 9976.

The three examples above expose how heterogeneous the current legislation
interpretation isproving an omission regarding this topic in the current regulation

concerning irflight fuel management.
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Summary

ThecurrentBraziliancivil aviationregulation(notably the RBAC 121dloes not
prohibit nor authorize the possibilifgr theflight crew (through the PIC in compliance
with pre-defined requirements) to procetdand carrying less fuel tharée Minimum
Fuel Over DestinationMFOD), which isthe amount oélternate fueplusfinal reserve
fuel. That meanburning someof thealternate @ielto land at the destination aerodrgme
what would possibly happen with a higher fgahntity in the tanks than that remaining
after landing at the alternative airpd@nce all the requirements are met, landing with
more spared fuel inside the wingsame better safety and efficiency margibDsges,
Mueller, SchmidiMoll, Gontar, Zwirglmaer, Wang, Straul®017).

This omission in the legislation impagd#ots' in-flight fuel management,
sometimes causing unnecessary diversions, reducinghsosiafety margiand the
overall systens efficiency The more fuefuantityin the tanks, theohger theholding
time to deal with unpredictable situations at any airpddreover the absence @uch a
policy contributes t@nincrea inthe airlinés costs associated witinnecessary
diversions.

The project intends to change the Brazilian reiuteconcerning iflight fuel
management so thdte committing to the destitian policy is clearly defined. It also
aims to align two vital premises that would allow ANAC, through its regulations, to
fulfill its central role. Firstly, this mpject would pronotea safe environmerior the
agencys entire region, following ICAO guiglines and recommendatiofairthermore
this amendment would help ANAC to ensthatits regulationsenablecompanies to

seek efficiency continuousl Such administrative conduglaces the Brazilian agency as
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a vibrant and dynamic partner for the aiebnand stakeholders by guiding and facilitating
more effective operations through updated standards and trends instead of presenting out
of-date obstacles to the aviation industeyelopmentThe explicit adoption aothe

committing to thelestinationpolicy would play asignificantrole in tre ongoing process

of evolving regulation$or the Brazilian civil aviation industry
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Chapter IlI
Methodology

As a first step in the initial miebdological development process, researchers have
defined three research questioBach of them served as a guide for the projeptdoe
three crucial points that impact airlineafety and efficiencyThe firstresearch question
deals with esharedunderstanding among the pilots regarding théight fuel
management regulation. The secomehas asafetyrelated approaglas it seeks to
discover how much aewregulation ouldraise thesafetymargns. The last research
guestion aim tomeasure thdirect costs thatauld be avoided when applyirtge

committing to thelestinationpolicy.

The projectuses a quantitative analysegardingthe results obtainefdom a
survey carried out among Braziliairline pilots.The analysi's purposes to provethe
Brazilian civil aviation regulation is ngreciseabout the possibility of leglgl utilizing
thealternate fuel to make landing possibtehe original destinatiomvhich is anin-flight

fuel policyknown ascommitting to the destination

Moreover this workgroupalsoanalyzeddata obtained fromwo leadingBrazilian
airlinesto highlight variables related to safety and efficieangthe possiblesavings that

the adoption o€ommitting to the destinatiocouldgenerate fothe companies.

Airline pilot's Survey design
The researchersetthe first research question to facilitate grejects
developmento prove Braziliarairline pilots do notentirely understanthe regulation in

force on the subject. It was defined as shown below:
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Do Brazilian airline pilots have a common understanding regardindlight fuel
managemertcommitting to the destinatibhegal possibility?

Consequently he researchesurveyedBrazilian airline pilots to obtain data
abouteach aviatds perception ofthe currentn-flight fuel management regulatiohhe
survey was run in Portuguese so that misunderstandings among tBaglsh speaker
respondents would be minimized. It was th@mslated to English for this wdsk
purposeThe researche@somade a prior assesent with 30 Brazilian airline pilots.
The intention was to collect opinions and feedback regarding the survey to check if it was
clear, objective andmetthe research objectives. Among the initial group, all concluded
that the tudy was adequate for thgrojects target

The survey was widely disseminateddneairline pilot associatioandsent to
virtual aeronautical communitiegross the countrylhe initiativeés goal was to reach the
6,253 airline pilots working in Brazil (ANAC020).

The survey(AppendixA) consisted of three questions. The first two intended to
certify that theparticipantcurrentlyflies orworked as a flight crew member Brazilian
and foreign airlinedt is noteworthythat many Brazilian pilotareworking or hal been
working for foreign airlines whichadoped committing to the destinaticas an
operational policyTherefore, these initial questiossughtto separat®razilianpilots
through these two types of professional backgrosodsat the surveyresultswerenot
affectedby individual biases from airline aviatovgth flying experiencen companies

not regulated by the RBAC 12The third questiolmoncernedhe possibility of applyig
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thecommitting to the destinatigoolicy in Brazil To makethe understanding of this

guestionmore accessibjehe researcherseated thiscenario, ashowedbelow:

You are in a descent procedunside the terminal areto asingle runway
destination airportoperating under perfect weathandwith noworsening forecasiThe
alternative airportalsohas only one runway andre in ideal weathewith noworsening
predictiors, as well You estimate to land at the destination with0O® kg in the tanks.
The Minimum Fuel Over Destination is 3,000 kg (MFOD means the minioaim f
planned by FOO to proceed to the alternative, which is equivalent to the 2,000 kg
Alternate Fuel + 1,000 kg Final Reserve Fuel).

During the descent, the diraffic controller informs that you will need to carry
out aterrminute holding proceduréueto traffic flow control. From your experience,
this estimate given by the ATGnsleedreliable. Howevergonsideringthe controller's
waiting time you calcula¢ that you will land at the destination airport with 2,500 kg in

the tanks, 500 kg below tMFOD.

After readingthe scenariccarefully, the respondents answered about the legality
of using part of the alternate fuel to land at the destination airpogid=ying the
Brazilian regulation in forceRilots had to choose onetbie fouranswersvalable. They
were:Yes No; | do not knowThe regulation in force is not clear on this matfene
repliessent bythe participantslloweda thoroughanalysis of thecquireddata to clarify
whetherthe flight crewshave different understandingsoncerning the Brazilian

regulation besideghe possible outcome that each pdould have choseior a situation
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similar to the survey scenarilb.is noteworthy that the participants were not identified so
that their answersonfidentiality would remain assen.

To make a statistical inference, the researchers added the number of pilots from
the three major airlines to tlome from thdargest regional aiiesin Brazil. Besides,
seven othesmallcompanies operatingargo and passengemder RBAC 121 werelso
considered. Thyst was possible to obtain the total number of airline pilots at the end of
2019(ANAC, 2020) Altogether, thse ten companies negsent the entire Brazilian
airline market, encompassingXs3airline pilots representing the researdpplation As
part of the methodology, the researched tocalculate the minimum samplequired to
validate the surveyThegoalwas to achieve acceptable industry standeggsiringa
95% confidence level and a 5&rormargin.It means that on 95% the occasions
wherethis research is carried out, the result will be practically the sBingeerromargin
ensues the rangef the populatiols responsethatcoulddeviate from the samplones
Thereforethe studyconsidere®62 pilots as the minimurnmumber of responsesquired
to comply with alltheaccuracy criterigotherwise the survey would not yieldseful

statisticsresuts.
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Airlines data

The researchers also inteatdo prove thathe comnitting to the destination
policy could allowcultural developmento increag the Brazilian airlinessafety and
efficiencylevels Hence they elaborated two additionasearch questionbataimedto
discover and quantify how much a change in the regulation could benefit these two
aspects. The researchegtionsvent as follows

How much roontould this policyprovide pilots to handle unfeseen events?

How muchcould tis policyreduce the airline cost regarding diverted flights?

Historical data were obtained framvo out of thethreeleadingBrazilian arlines
databasesvhich represent more th&03% of the Brazilian domestic market (ANAC,

2020) as presented in Figure 7:

Brazilian Market Share
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Figure 71 Brazilian market sharé December 2019.

The dataetcomprisesnformationsuch aghe plannedalternate fuel, the landing

fuel in the alternative airdromplanned final reserve fuel, atite number ofliversions
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per year. The objectiveasto analyze how pilots have carried anflight fuel

management over the last three ye¢lrsugh the desgstive statistics outcomes for the
operational numberdlonetheless, the data analyaisointendedto quantifythe safety

and efficiency of the current policy. Such a study is crucial for a better understanding of
the potential benefits of the ICA©recanmendation adoption and how it could boost
these two operationdinancial aspects. An exampbé a useful data interpretation is
guantifyingthe average operating cost generated by atén#ight.

Theairline data analysigimed to transform numberganuseful information that
facilitates understandingf the safety margin increase and cost reduction. The researchers
calculated theneanand standard deviation of alternate flight time for all flighteerted
to the alternative airport. Bearing in miticht thecommitting to the destinatiguolicy
could only be applied when the landing is assured and with favorable weatner, th
initially plannedalternate fuetould have been used to manage possible unforeseen
situations at the destination airport. lregtethe flights that proceeded toitredternates
gotthere withlessfuel, reducing thenanagementargirs for unpredictablevents

The researchers reinforéar this projecs purposehat the probability of
unexpectedceventshappening is directly ppmrtional to the number of landings and
takeoffs at a gien airport, as well as the timengk exposureln other words, thearlier
the aircraft is on the ground, the less likely it is tratindesirableevent takes place
Therefore, drerting to the #ernative airport increaseleflight time andthe exposure to
unforeseersituationsrisks considering a scenario thabuld allowlanding at the

destination airport even with fuel below the MFOD.
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The researchers also took into accountaerage costegardingdiverted flights
Hence, i becomegpossible to take an efficieg-orientedapproactsincelanding at the
destination airport prevents tons of kerosene from being burned. tedisces additional
expenses such as navigation and landing feew, labor, maintenance, and all types of
passeger supporextras costsThe researchérgbjectivewasto measure at least part of

thosecost thatthe committing to the destinatigrolicy could avoid.

Airport data

It is challenging to tallabout safety im scenario where an unforeseen event
could comgetely change the pilst decisioamaking procesm situations where the crew
does not have a further altereal herefore,ite morefuel quantityon board, thebetter
the chanceof adequately managirthoseconditions

To clarify the impacthat anunforeseerissuecould have on flight safety, the
researchers contacted some airpothoritiesamongBrazil's busiest airport® obtain
statisticaldata that could quantify these events. Therefore, the reseamtepared a
guery to thesauthaities containing fivequestiongegarding2017, 2018and 2019.
Thesequestionsntendedto identify the runwayperationsuspension average time
related taunforeseen events, meteorological reasduded This exclsion was due to
theimpossibility d using thecommitting to the destinatigolicy in adverse weather
casesHence, the questionnaire tti® separate the unfavorable meteorological events
from other situations, such as runway inspection due to bike stnd electrical failure at

the arport. The questionsere as follows:
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- Number of times that the airport had to suspend the landing and takeoff operations
(unscheduled suspensions) due to adverse weather.

- Number of timeghat the airport needed tdap operations (unschedulduteals) for

any reason not related to adverse weathay.(eunwayinspectiondue to bird strike,
general electrical failure, beacon failurepmbthreat, among others).

- Average timdor landing and takeoff operatiorssispensio due tonornrmeteorological
events

- Average time for landing and takeoff operatienspensionspecificallyconsidering
runway inspection due ttbird strike"

- Total number of annual moveme(inding and takeoffs)

Thesedatacollectionmade it posible to calculate the annual average of
unforeseen events per year and the average duration of landing and takeoff operations
suspensioffior each evenfThe data alsaentified and separatkthese eventBom the
total number obperations iterruptionsincludingweather conditions.

The researchers inteadto make a joint analysis between #idines dataand
theairports information Thus, itwaspossible to convert alternate flight time into
holding time close to the destination andngare it wih theairports landing and takeoff
operationsuspension average timeonsidering that the risk of an unforeseen event is
similarregardingthe destinatiomirportandthe alternatairdrome it wasfeasible to
guantify how muchthe committing tathe destin&ion policy will increase the pilots

holding margin.
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Moreover, the researchers assessed datathreMational Aeronautical Accidents
Investigation and Prevention Board (CENIR&e highest federal organ responsible for
investigating and dealing with @autical accidents and incidents in Brazil, among other
crucial aviation industry duties. The goal was to learn deeper how expressive it was to

fuel emergencies among the airlih@gerations in the last ten years (21019).
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Chapter IV
Project Outcomes

The researchers present #tedys outcomes in three part§he objective is to
provide a better understanding béprojectsinitial scope It alsoclarifiesthe correlation
between safety and efficienoyce applyng the committing to the destinan policy.

The first part shows data from the survey conducted with Brazilian airline pilots
anddemonstratethat they do notlearly understanthe regulation in force. The second
and third parts aim tolarify the incrase in the safety margio handé unforeseen
eventsand the cost reduction relatedaeoidingdiverted flights All of them were
accomplishedhrough data provided by two of the three largest Brazilian airlines, which
will be called Airline A and AirlineB for confidentiality reasonddence, the researchers
intencedto highlight the positive impacif adopting érazilian aviation industry's

committing to thelestinationpolicy.

Pilot Survey

The research carried out with Brazilian airline pilait®ied to prove that there is
no sharedinderstanding among these professionals regardifiigim fuel managemerst
current regulation. The researchers considered the ssiteég! population of 6,253,
which is the number of pilots from all the Braziliamlines under RBAC 121. These
companes represent the full domestic flights market share.

It was necessary to obtain 362 responses to reach the irglgsndards for
statistical inferences, which corresponds to a 95% confidence level and a 5% error
margin. Although it is impossible to knowWwow many professionals were contacted by the

survey, 461 piloteanswered the questigrequivalent to 7.37% of the Brazilian airline
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pilots. It waswell above the minimum number required, which guaranteed the &irvey
reliability and accuracy and allowadquantitative analysis to represtrgaviatos
general understanding of this matter

The researchers defined a simple daily basis scenario for any airline pilot. The
respondents were able to choose one out of four options regarding the legal poskibilit
landing at the destination airport, considering the given plaied&B: No, C:I do not
know, and D:The regulation in force is not clear on this matteigure 8 displays the
final results, exposing the pilotiivergence concerning their undarstling of the current

in-flight fuel management regulation.

Pilots Survey Results

m A) YES
= B) NO
= C) | DO NOT KNOW
D) THE REGULATION IN FORCE IS NOT CLEAR ON THIS MATTER

Figure8i Pilots Survey Results in percentage.
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The researcherrutinizedthe data and concluded that only 42% of the pilots
would have landed at the destinatiorpait. The aviators that opted for option A
demonstrated that they understand that it is legal to land at the destination aerodrome,
even below thdlinimum fuel ovedestination(MFOD). In other words, less than half of
therespondentsvould apply thecomnitting to the destinatiopolicy in their decision
making processs The researchers also concluded that the pilots who chose options B, C
and D would havélown to the alternativairportsincethey understand that landiady
the original destinatiowith less fuel than the MFOD is nigtasible Therefore 58% of
aviators would havdiverted Among them, 42%inderstand thagticking to the
destination airponvould be illegal,12% conclueé the regulation is ngireciseenough on
this topic, and 49%tatedack of knowledge concernirthe currentaw.

It was also clear that piletwhohad already flowrabroaddid not contribute to a
different outcomesince most of thesaviators also chose not to land at the destination
airport. The researcheroncludedha thesurveystatement made it clearatthe
scenario only referred to the Brazilian realidence, tbseforeignairline-experienced
Brazilianpilots responded by restricting their opinionghe localregulation, not being
affected bythe international ones

The projects approacHighlightsthatall pilots would nd have asecondalternate
airdromeavailableonce their option was madesgardless aheflight crewsfinal
decision. Those who opted for option A would have to land at their destination, and those
who opted for B, Cand D would have nohoiceother than landing at theternative
airport. However, considering the survey scenario, 58%erh would land ahe

alternativea singlerunwayairport in good weather, withfael quantityvery close tdhe
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final reserve fuglthat is, with a little more than 30 minutes of fligime. The 42% who
would land at the destination woudtso befacing a singlerunwayairportoperation
under fair meteorologicaonditions However, they would still count on7&minute
flight endurance or s@ hatrepresents around 45 extra minudédlight time compared
to the option to proceed to théiernateairdrome Thisadditionalfuel allows pilotsto
experience an ampler opportunitissopeto manage any unforeseereats, such as a
runway inspection caused byird strikeor an airport power shortage

The first research question was desigteficilitate thesurvey data interpretation
andclearly understanthe resultsDo the Brazilian airline pilots have a common
understanding regarding tfight fuel managemeritcommitting to the destinatithegal
possibility? The researchers concludedthhe Brazilian airline pilots do not have a
shared sense of the-light fuel management regulation by analyzing the survey
outcome Theapparentivergence in the pilotsesponses leaves no doubbatthe

plurality of opinions related to theyptic.

Safety perspective Airlines data

The researchers collected information from two major Brazilian airlines named
Airline A and Airline B for confidentiality reasons. The years 2018 and 2019 were
chosen so that the coronavirus pandémegativeeffect did not impact the final results.

Data concerning alternate flight time, alternate fuel, and final reserve fuel were
used to mke descriptive statistics. Thus, the researchers identified the vefelesg to

the mean, median, and standard dewmeof the alternate flight time.
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Airline A

The researcheiuld notaccess the 2018 datdtfor thisairline, soall the
numbersand statisticonly refer to 2019.

Airline A experienced 4,113 flights that had to proceed to the alternative airport.
Consdering a total 0243.946flights the company performed during this period, they
represented.68%of the airlinés annual network.

Regarding the 4,113 diverted flights, the researchers considered four of them as
outliers. They were dispatched with areatiate flight time of more than 170 minutes, an
unusual fact in that airlineregular operations. Therefore, for descriptive anglyise
researchers took into account 4,109 diverted flights.

For thedescriptivestatistts the mean and mediavere53 minutes. The shortest
alternatdlight time was 21 minutes and the longest 140 minlitesAirline A, the
standard deviatiowas13 mnutes. It meatthat 68% of the alternate flight time ranged
from 40 to 66 minutes (one standard deviation), and 95% sé titights had an alternate
flight time between 27 and 79 minutes (two standard deviations).

Below are one table and two figure$ereing to airline A descriptive statistics

that help in visualizing the referred data:



IN-FLIGHT FUEL MANAGEMENT —COMMITTING TO THE DESTINATION 39

Alternate flight time (minutes)

Mean 53
Standard Error 0
Median 53
Mode 45
Standard Deviation 13
Sample Variance 178
Kurtosis 2
Skewness 1
Range 119
Minimum 21
Maximum 140
Sum 219338
Count 4109

Tablel1 Airline A descriptive statistics results.
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Figure91i Airline A probability concerning divertedtarnateflight time (minutes)uring 2019
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Figure 107 Airline A - Number of events per alternate fligithe during 2019.

Airline B

The researchers had access to alternate flights for the years 2018 and 2019.
However,some of thee data came without information regardingfihal reserve fuel
makingtheir use in the statissainfeasible. Besides, the researchers identified six flights
that were dispatched with an alternate flight time of more than 120 minutes, an unusual
fact for Airline B. So, these flights were considered outliers and were not taken into
account in the stattics.

The researchers considered 1,500 flights that diverted to the alternative airport

over 2018 and 2019. Due to the lacldataconcerningpart of treflight totals it was
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impossible to identifyAirline B's flight networkpercentagéhat proceeded tine
alternate.

The researchers found AirlinésBmean alternate flight time of 58 minutes, the
median of 57 minutes, and the standard deviation of 13tasrtrough descriptive
analysis The shortest alternatight time was Z minutes and the longestdminutes
Compared to Airline A, the mean alternélight time was 5 minutelonger, with an
identicalstandard deviatiorThe researchers expected thossultsinceboth airlines
have similar network and thealternate airports chosen by their retpe FOOgollow
an operationapattern. Considering Airline B, 68% i$ alternate flight time rangk
from 45 to 71 minutes (one standard deviationd, 5% of these flights had an alternate
flight time between 32 and 84 minutes (two standard deviatibike Airline A, Airline
B hadnearlyidentical values between mean and median, which means a normal
distribution of its alternate flight time$hetalde and figuredbelow help invisualizing

these statistical data

Alternate flight time

Mean 58
Standard Error 0
Median 57
Mode 54
Standard Deviation 13
Range 92
Kurtosis 2
Skewness 1
Minimum 27
Maximum 119
Sum 86585
Count 1500

Table2 - Airline B descriptive statistics results.
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AIRLINE B 1 DIVERTED FLIGHTS 1 2018 and 2019
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Figure 117 Airline B probability concerning diverted alternate flight time (minutesjing 2018
and 2019
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Safety perspective Airport data

The researchers obtained daggarding2019 from one of the ten busiest airports
in Brazil, which experienced morkan 77,000 movements in that peridte airport
administratioronly startedmakinga statistical control of thenscheduledunway closing
periodsin 2019, so it wagnpossible to access datar 2017 and 208. To better
visualize theairports operatingprofile, Figure 13 below identifesthe operation types

during 2019 (DECEA, 2020):

TYPE OF OPERATION - 2019

MILITARY
39% GENERAL

AVIATION
16%

Figure 137 Type of operation during 2019.

This airporthasmore significantanding and takeoff movemesduringbusiness
daysthanduring the weelends Figures 14 & 1%elow demonstrate the comparison

between these data and #igorts hourly activity(DECEA, 2@0):
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AVERAGE MOVEMENT PER DAY -2019
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Figure 147 Comparison between business and weekend days during 2019.
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Figure 157 Hourly average movements on business days during 2019.

The researchers had access to all data referring to the suspension of landing and

takeoff operations due to unforeseen events. There wdradl@eather evengnd 134
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norrmeteorologial occurrenes Among the ten types of unscheduled interventions, the
most common type was bird strike events over the runway, which happened 64 times
throughout the year. Thablebelow lists all unscheduled evetger one yeaand their

respective runay closing &erages.

KIND OF NUMBER OF AVERAGE SUSPENSION TIME

OCCURRENCE EVENTS (HH:MM:SS)
DRONE 2 00:13:00
FOREIGN OBJECT 13 00:08:51
FAUNA SIGHTING 46 00:07:01
FAUNA COLLISION 64 00:05:45
EXTERNAL
INFLUENCES 2 00:28:30
CONSTRUCTION 1 00:12:00
MILITARY
OPERATION 2 00:20:00
AIRCRAFT FAILURE 3 00:09:40
RUNWAY PAVING 1 01:08:00
TOTAL 134

Table31 Unscheduled occurrences during 2019.

It waspossible to note that onfive out of 134 events had a runway operations
suspen®n average time of 20 minutes or more. The researchers also identified a single
cause that kept operations suspended for morebthaminutes, which required
unscheduled asphalt paving work due to a hokaé runway. This event maintained the

runway clsed for 68 minutes.
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Safety perspectiveSummary

To fully understand the outcomes regarding a safety approach, it is essential to
remember thathe committing to the destinatiguolicy requires an assureahiding in the
prevailing and immediate forecageatherconditions. It means that pilots must assess
reasonable certainty of landing before deciding to burn the alternate fuel to land at the
destination airdrome. Afteall, deciding orcommitting to the dinationor going to the
alternative airport areptions that do not providenadditionalalternateairport. Both
decisions imply having only one airdrometla¢ pilot's disposal.

Depending on the alternatifigght time andcharacteristicsit is unlikely to have
areasonable certainty of landing far arrival that will happen on average, between 53
and 58 minutes ahead. Hence, theasonable certainty of landihgpplies only to the
destination airport when the aircrastalready ints vicinity. In this scenario, all fuel
beyondthe final reserv@ositively contributes tahein-flight fuel management of
unforeseen situationsthe more fuel on board, the greater plssibilitiesfor properly
handling unprediedevens.

Considering Airline A outcomesn averagef 53 minutes could have been
conveted into holding time close to the destination airport to manage unforeseen
situations. Airline B obtained a mean alternate flight time 5 minutes longer, with the
same standardeviation. The graphics algicturessimilar resuls. Theybring the two
companies closer in terms of flight management capdoityunforeseen situations once
they adopthe committing tathe destinationpolicy. Therefore, considering a scenario in
which no other airport is accessibtbe safety margsrelated to iAflight fuel

management would be enlarged
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The researcheomparedheairports unscheduled everdsd the average
additionalholdingtime the committing to the destinatiqolicy provides to pilots.
Converting alternate fuel intooldingtime to manage those kinds of igsis one of the
most significanbenefits of this policy.

The researchers also decideghésforma conservative analysi®nsidering
Airline A's mean dernate flight time, five minutes shorter thainline B's averageThe
researchers alsmalyzed dlAirline A'sdiverted flights, totaling more than 4,1@der
twice Airline B's sample

When comparing the airport data witte alternaive fuel that coutl be converted
into an extra holdingime, it appears that the average of 53 minutes would be eriough
cover 133 at of 134 unscheduled events that took place at thieare Considering an
even more conservative approach, the researalsathoughttwo standard deviations,
equal to 27 minute€ven sqthis extrafuel would be enough to cover 13tmf 134
eventslt means that for 95% of Airline '&flights, the conversion from alternate fuel to
extra holdingime would serve to properimanageand nteract withalmost allthe events
that led to theunway closureConsidering dlight that divertel to an airport with a
similar number of unscheduled everitge alternate fuel would have been burnetthén
routebetween the destination and the alterrétdrome significantly reducing the
holdingtime close to the landing runwayhe sooner the laim occurs, the lower the
risk since the probability of facing unexpected issues is related to the 'airpovemat
and exposure time.

Thefigure belowallows a better understanding of AirlinesAnean alternate

flight time and the airport event$ also highlights the two standard deviations, which
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statistically encompass 95% of ttieerted flightsin 2019 clearly demonstrating the

gains fromcommitting to the destinatidnom a safetyperspective

RUNWAY CLOSURE DURATION PER EVENT x AIRLINE A ALTERNATE
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Figure 167 Airline A alternate fuel that could be converted to holding time versus unscheduled
airport events duration.

It is relevant to clarify that among all the fuel emergencies experienced
countrywide in the last ten years, onlyiasignificant percentage of those events

concerned flights operating under RBAC 121 regulation, according to CENIPA.
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Efficiency approachi Airlines data

The aeronautical industry works more and more with lower profit margins due to
the extremely cmpetitive aviation market. Speaking ofieféncy means reducing costs
and improving productivity.

Aligned with the industrg demands, the researchers sought to translate the
diverted flights into the airlinéadditional expenses, thus measuring themi@tiesavings
thatthecommitting to the destationpolicy could generate. These extra costs include
numerous expenses, such as fuel to fly to the alternative airport and return to the initial
destination, additional navigation and landing fees, labor andtemaince costs, food,
and hotel expenses passengers. Some of these different values will occur on all
diverted flights, such as the extra fuel and landing fees. Others would run on specific
situations, such as providing food and hotel to passengerd) whiy occurs in particular
cases, accondg to ANAC's determination. Therefore, it is necessary to thoroughly
analyze thousands of flights, scrutinize each one, and have an alternatediighige
cost.

Considering the accessing difficulties for soofi¢hose data, the researchers used
one ofthe consulted airlinéprevious calculations. These numbers consider the overall
average cost of a diverted flight and take into account the following characteristics:

1 Extra flight time between 90 and 120 minugexluding holding time and
additional fight time to get the aircraft back to its schedule).
1 Cost for passengemsupport (hotel, transport, and food).

1 Reactionary effect (flights canceled or delayed due to diverted flight).
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After analyzingthousands of flights, the airline mentioned above kated that each
diverted flights average cost approximates U$3,400. To calculate the additional cost, the
researchers understood that this value has the necessary precision and reliability to
demonstree the total costs over a year regarding divertedtfig

During 2019, Airline A had 4,113 diverted flights, which generated an additional cost
of U$13,984,200. Even knowing that most of these flights detoured due to bad weather,
the researchers believeat adoptinghe committing tahe destinationpolicy would have
reduced this extra cost. As it was not possible to identify the reason that led the pilots of
the analyzed flights to proceed to alternative airports, it was difficult to measure the
proposedolicy on these numbers precisely. However, for tebeinderstanding of
efficiency, the researchers analyzed a conservative 5% reduction in diverted flights,
reducing U$699,210 in the airlis@nnualoperating costs.

Airline B had part of its flights disregded due to the lack of useful data. However,
1,500 diwerted flights were considered in the descriptive analysis. As the aircraft type
used in the two companieslculations are similar, and both act in the same market, the
researchers adopted the exadtad U$3,400 for each diverted flight. These flights
increased operating costs by U$5,100,000 over 2018 and 2019, but these extra expenses

cannot be considered as the total cost of Airline B diverted flights in the period.
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Chapter V
Conclusions and Recommendations

This project purpose was to demonstrttatthe committing to the destination
policy can simultaneously contribute to the fligisafety and efficienchy disclosing the
pilot's lack of common understanding regarding the cuimeftight fuel management
regulation. The researchers afsmnted ot that this policy is already adopted in many
regions worldwidefollowing the ICAOs recommendations and guidelineence, pilots
could usehis additional tool during ifflight fuel managemenin their decisionmaking

procesgo get a better outcome.

Conclusions

The researchers believe that the current reguléht@indefinestandardselated to
in-flight fuel management ismbiguousaboutthe possibility of adopting theommitting
to the destinatiopolicy. Therefore, thegurveyedheBrazilian pilds understandingo
determinewhetherthatflight groupalso considers the same way. After reading a
scenario prepared by the researchers, 42% of the pilots replied that they would land at the
destination airport with &uel quantity below the MFODIn comparison42% would fly
to the alternative airdrome, 12% highlighted thck ofpreciseregulation regarding the
topic, and 4%answeredhey did not knovthe answer

The survels result leaves no doubt that the researchersavetige right track
aboutthe lack of common understanding on this topic. More than half of this pibould
have flownto the alternativairdromeand landedery close to théight'sfinal reserve

fuel, even though the destination had the same weather conditions as théeadtiepoat



IN-FLIGHT FUEL MANAGEMENT —COMMITTING TO THE DESTINATION 52

The pilots divergent opinions underscore the need to updat8tazilian regulation
concerningn-flight fuel management.

Among the 6,253 Brazilian airline pilots, 461 responded to the sufeyefore,
it obtained a confidence level of 97&td an error margin of 5%, reaching the required
industrys standards statisticalinference It alsoensured theutcomés level of
reliability and accuracy.

The researchers also concluded that this palasitively contributes to flight
safety. The usef alternate fuel téand at the destination airport increases the safety
margin for inflight fuel management of an unforeseen situatidhe more fuel on board,
the greater the chance of success inuhlikely scenarioThe analysis of more than
5,600flights has shown thabn average, pilots euld have between 53 and a8ditional
minutes tahandlethese unpredictable events

The airpor statistical data was also crucial to enabigee indepthanalysis of
converting alternate fuel into holdinignie in the destinatiowicinity. The researchers
consider that the outcomes are sufficiemprovethe safety margins improvement in
handling unforeseen situatior@nly one out of 134 events had a runway operating
suspensiotime longer than the mean afhate fight time.

The researchers emphasize that this policy should only be applied when pilots
haveareasonable certainty of landingthe destination, in addition to performing a
careful analysis of the destination and the altéraatirdromes contlons This way,
aviabrs would decide the best course of actioom botha safetyand efficiency

perspective.
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Regarding operational efficiency, the researchers idensfgficart savings
potential this policy auld bring to companies. The operatingss of an airline hae a
considerable impact on the total cost. Therefore, each kilo of fuel not burned or each
navigation andanding fes avoided contributes ta more robust operationetficiency.
Apart from that removing an aircraft from itsriginad schedulewill undoubtedlycause
otherlosses, be thenfinancial or in the airlins image. The project alstarifiesthe
contribution that this policyauld bringto the environment, as it manages to reduce the

emisson of gases such as monoxide andboardioxide.

Recommendations

The projecs conclusiomecommendsnodifying the Brazilian regulation so that
therewould bean explicitmentionconcerninghe possibility of putting into practice the
comnitting to the destinatiopolicy, strictly following thelCAO guidelinesThis project
stateghat a clear and objectivegulationwould leave no room focontradictory
interpretations regardirtipe policyapplication, contributing to overall operational safety
and reducinghe associatedirlines costs.The suggested text to be inserteth@eRBAC

121, paragraph 121.64&onsidering Irflight fuel management, is presented as follows:

"Subject to assesg] reasonable certainty of landing, thigot-in-command (PIC)
has the prerogativeo decide for thaiseof the alternate fuel to continue to the
destination &port (including possible holdingrocedure, to land there with not less

than the finakeserve fuelThe PIC will make this decisiatter carefully considering the
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traffic and the operational ealitions prevailing at the destination and alternate
aerodroms. The additional circumstances to allow this decisiastinclude:
1 an assured landpin the prevailing and immediate forecast conditions
(including likely single equipment failures)
1 Anestimated approach timer confirmation from AT@egarding themaximum
possibledelay.
Note: To consider a landing to Bassured' the PIC musttake acount of all
operational considerationgncluding anyweatherdeteriorationforecastandapparent

single falures oftheground andor airborne facilities e.g, CAT Il / lll to CAT I

Limitations of the study

The researchers did not have accestata for the three n@a Brazilianairlines,
which would increase the numbertofal divertedflights. A broade analysis of the data
would have been more appropriate, despite considerorg tharb,600 flights to be
sufficient to prove th@olicy'simprovement related to flight safety and efficiency.
Besides, the airlines were unable to clarify the real reagsdhdalternate flights so that
the researchers could quantify how many of tiiéverteddue to bad weather.

Another limitation was the difficty in obtaining data frormore than onenain
Brazilian airport. Thus, Mvas notpossible to measure tihenwaysaverage unscheduled

closing time more accurately countrywide.

The information gained from the study
After severakinds of researcturing the project, the researchers concluded that

this is the first work regarding adoptitiige Brazilian regulation'sommitting to the
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destinationpolicy. The data obtained from tipdot's survey airlines and airporaimed
to provide ANAC with all tle useful informatiorto prove the advantages of this policy.
Thus, it wll bring the agency in line wittCAQO's recommedations and guidelines,

which havealreadybeenadopted by th&eadingaviation authorities worldwide.

Conceptualimplications
The researchers assure tti@tcommitting to the destinatiguolicy is in line with

ICAO recommendations and guideliremcerningn-flight fuel management.

Future Implications

The researchers believe that a future project that idereifiels alternate flighst
reasongvould allow to more accurately quantify the savings potential ttatommitting
to the destinatiopolicy could provide to airlinesFuture research with data fraseveral
Brazilian airports woulgbositively impact information accuracy regarding airgorts
unforeseen events.

The researchers al#loink that airlines should prepara anlightening
presentation on this pac to their pilotsConsequentlythe committing to the destination
policy would be widely disseminated in the flight group, demonstratiegafety and
efficiency gainsAirline pilots mustfully understand the topic to foster betiriflight

fuel managema daily.
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Appendix A
Pilot's survey

This research aims to discover the Brazilian airline pllofgnionconcerningthe
legality of using alternate fuel to make the landing at the destination airport feasible, according
to the Brazilianlegislation in force.

Question 1) Do you worlor have you worked as a pilotaatainor co-pilot) in any Brazilian
airline company?

A) YES

B) NO

Question 2) Do you worlor have you worked as a pilotafatainor co-pilot) in any foreign
airline company?

A) YES

B) NO

Scenario

You are in a descent procedunside the terminal areto asingle runwaydestination airport
operating under perfect weathandwith noworsening forecasiThe alternative airportlso
has only one runway andre in ideal weathemwith noworsening predictionsas well You
estimate to land at the destination with 3,100 kg in the tartlesMinimum Fuel Over
Destination is 3,000 kg (MFOD means the minimum fuel plann&®iyto proceed to the
alternative, which is equivaleniv the 2,000 kg Alternate Fuel + 1,000 kimal Reserve Fuel).
During the descent, thar traffic controller informs that you will need tarry out a holding
procedure foten minutes due to traffic flow control. Fromaur experience, this estimate given
by theATCis very reliable. Howevetaking into account the waiig timeinformed by the

controller, you calculate that you will land at the destination airport with 2,500 kg in the tanks,
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that is, 500 kg below the MFOD.

Question 3) Considering the above scenario and the Brazlidiniesand regulations in force,
is it possible to use part of the alternate fusdifh the quantitynitially planned bythe FOOto
proceed to the alternative airport) to land at the destoratirport? In other words, will the
Pilot-in-Command be able to decide to lamih 2,500 kgof fuel remainingat the destination
airport, evenf the MFOD would be3,000 kg?

A) YES

B) NO

C) | DONOT KNOW

D) THE REGULATION IN FORCE IS NOT CLEAR ON TNISTTER



