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Abstract— Human had invented many components and some of that had revolutionized the way they live
and also changed their life style. One of those inventions are traveling mode and in that invention of
aircrafts played a key role. Because of the invention of aircraft and air travel human beings crossed oceans,
traveled across time zones, made impossible things possible and hence air travel is a boon to human kind in
all ways. Aviation sector had seen enormous growth from the day of its invention and it become an
important sector supporting growth of any country. This growth does not comes without any compromise,
the compromise being increased level of air pollution which is a serious hazard affecting human health
across continents. Unlike other type of pollution air pollution affects human health seriously and aviation
sectors contributes a lot to surge in air pollution because of increasing number of aircrafts and air travel
usage. This article aims to address the issue of air pollution issue created by aircrafts and also explains
about a model called as Piano-X which is used to estimate aviation pollution of different aircrafts. Software
models which are custom made according to the need of the industry serve better in modeling and
predicting impacts. The studies conducted using the model shows considerable impact to the environment
and hence its to be abated.
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Introduction

As given in Webster dictionary the literal meanofg
Pollution is the introduction of contaminants irdonatural
environment that causes instability, disorder, haon
discomfort to the ecosystem i.e. physical systemdiving
organisms. Pollution can take the form of chemstddstances
or energy, such as noise, heat, or light. Pollsgtahte elements
of pollution, can be foreign substances or energies
naturally occurring; when naturally occurring, thegre
considered contaminants when they exceed naturadlsle
Pollution is often classed as point source or noripsource
pollution. The Blacksmith Institute issues annuallljst of the
world's worst polluted places. In the 2007 issues ten top
nominees are located in Azerbaijan, China, IndigruP
Russia, Ukraine, and Zambia (Blacksmith instituepart,
2007).

Air Pollution

According to wikipedia air pollution is defined as

liberating or introduction of harmful chemicals, riieulate
matter, or biological materials that may cause hawm
discomfort to humans or other living organismscause
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damage to the natural environment or built envirentninto
the atmosphere. The atmosphere is a complex dynzatical
gaseous system that is essential to support lifglamet Earth.
Due to the development and surge in number of {eshithe
overall pollution level is also steadily increasitnlike other
pollutants and pollution air pollution directly efft human
health and it is instantaneous. Some of the alufaoits which
are harmful includes Carbon di oxide, Aerosols, &stbs,
Carbon Monoxide, Chlorofluorocarbons (CFCs), Cidtehir

Pollutants, Ground Level Ozone, Hazardous Air Ralits
(HAPs), Hydro chlorofluorocarbons (HCFCs), Lead,riey,

Methane, Nitrogen Oxides (NOx), Particulate MatteiM),

Propellants, Radon, Refrigerants, Substitutes,uSulixides
(SO, Volatile Organic Compounds (VOCs)are the air
pollutants which contribute to the global air patn. These
pollutants are divided into various groups, inchgli
particulate matter, volatile organic compounds (\ép@nd
halogen compounds. The levels of these compouredbeing
monitored regularly by statuary authorities acrodse

continents at various check points and in imporpdates.



Gobinath et. al Int. J. Res. Chem. Environ. Vol. 1 Issue 1 July 2011(124-129)

Increasing air pollution and its impact

aircrafts and aviation companies puts thrust initteeeased

Air pollution has been aggravated by developmentsamount of pollutant emission due to aircraft operat Unlike

that typically occur as countries become indusseal:
growing cities, increasing traffic, rapid econord&velopment
and industrialisation, and higher levels of energgsumption.
The high influx of population to urban areas, ir@® in

consumption patterns and unplanned urban and inalust
development have led to the problem of air polhutio

(CPCB,2010). Pollutants are divided into variouugs,
including particulate matter, volatile organic caupds

other transportation mode aircrafts are highly ssijtated
machines which are liked by many but also hazaréouslly
while compared with any other machines. Also thieren
unquestioning acceptance in government that thengris
demand for air travel will continue and that thexdause
planning implications (especially more terminals dan
runways) of this can be managed with minimal haonthie
environment .The aviation industry has been vegcsssful

(VOCs) and halogen compounds. Also included areemorin its adoption of an environmental agenda (envirental

commonly-known pollutants such as lead, mercury and€ports,

asbestos. The World Health Organization states that
million people die each year from causes directigibaitable
to air pollution, with 1.5 million of these deathtributable to
indoor air pollution. Epidemiological studies suggehat
more than 500,000 Americans die each vyear
cardiopulmonary disease linked to breathing finetiga air
pollution. A study by the University of Birmingharhas
shown a strong correlation between pneumonia kldéaths
and air pollution from motor vehicles. Worldwide raaleaths
per year are linked to air pollution than to autdite
accidents. Published in 2005 suggests that 31E200peans
die from air pollution annually Causes of deathslude
aggravated asthma, emphysema, lung and heart essesasd
respiratory allergies The US EPA estimates thabagsed set
of changes in diesel engine technology could result2,000
fewer premature mortalities, 15,000 fewer heagcki, 6,000
fewer emergency room visits by children with asthraad
8,900 fewer respiratory-related hospital admissieash year
in the United States . The United Kingdom suffeitsdwvorst
air pollution event when the December 4 Great Sofot952
formed over London. In six days more than 4,00Q dand
8,000 more died within the following months.

support of exotic, threatened
appointment of environmental managers, financiapsut for
a professorship of "sustainable aviation") but bagn less

forthcoming on questions of growth and the need for

reductions in greenhouse gases. The industry hasfitesd

fromfrom a well developed system of public support.pdits can

expect to be linked at public expense by very egjpen
infrastructure to the motorway system, aviationl fige not

taxed and a great deal of public money at EU andl&i€ls

goes into air traffic control systems. Equally thdustry does
become involved in direct funding of this infrastture e.g.

the Heathrow Express. Nevertheless in the languafge
environmental economics aviation does not meet fthie

external costs generated by its own activities S@oand

pollution) and fails to pay for direct costs geriedaby the

activity itself (e.g. the motorway links to Mancless and

Heathrow airports).

Trends in growth of aviation industry

According to a survey World's airlines offer 114000
more flights and 17.7 million more seats year oarydhe
global airline industry shows no sign of reducitgydctivities;
with a 5% increase in the number of flights schedubr May
2007 compared with the same month last year. Adcgrtb

A new economic study of the health impacts andthe latest statistics from OAG, the world’s authon flight

associated costs of air pollution in the Los AngeBasin and
San Joaquin Valley of Southern California showd thare
than 3800 people die prematurely (approximatelyygérs
earlier than normal) each year because air potiutevels
violate federal standards. The number of annuaimptere
deaths is considerably higher than the fataliteated to auto
collisions in the same area, which average fewan th,000
per year. Diesel exhaust (DE) is a major contributm
combustion derived particulate matter air pollutibmseveral
human experimental studies, using a well validaegosure

chamber setup, DE has been linked to acute vasculagrowth are described and reviewed.

dysfunction and increased thrombus formation. Bkives as
a plausible mechanistic link between the previodsdgcribed
association between particulate matter air poliutiand
increased cardiovascular morbidity and mortality.

Aircrafts and air pollution

information, this represents an additional 113,8Rjhts and
an astonishing 17.7 million extra seats availablé¢ravellers.
(OAG report,2009). A total of 2.51 million flightsare
timetabled this month, topping the previous industigh of
2.49 million reported for August 2006. Within thggobal
figure of all scheduled passenger flight operatichge low
cost sector shows a 22% increase of over 70,00@ flights
year on year and a 26% rise in the number of seatfable,
representing an extra 12 million low cost seatsiaion
demonstrates very strong growth rates. Forecastghisf
On a 1995 bladwal
forecasts of miles flown in t he year 2015 rangmrfra low
growth of 181% to a high growth of 380%. In the WKere
forecasts are made of terminal passenger numbersatést
government forecasts predict a 239% change on 1895
2015.

Aviation has the highest growth rates of all modss

The debate about aviation and its strong growthtransport. Annual global growth rates of aviatitotgl number

trajectory is very highly developed, like its fellomachines
aircrafts are also contributing more to the airlygan, even
though the air dynamics makes measuring air polutiue to
aircraft emission unpredictable but they are alsotributing
much to the air pollution. Increasing number of
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of kilometres flown by all passengers) were apprately
10% in the 1960s and had values of 5% -7% in th@049
Between 1960 and 1995 global tonne —

environments
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kilometres (total weight of freight carried muligd by the
distance flown) increased by a factor of 23, wilfie global
gross domestic product increased by a factor of Gl8bal
revenue passenger kilometres (RPK) rose by a faifter.6
between 1970 and 1995. Air traffic in and from/t@rit
America and Europe dominates the world demand9851

Chart1
2009 Hours Flown by Aircraft Type

FIXED WING PISTON ‘ ‘ | ‘ ‘
1Engine ] 173
1{1.90

2Engine

FIXED WING TURBOPROP
1Engine 107
2Engine 115

FIXED WING TURBOJET ] 316

ROTORCRAFT

Fision 076

Turbine, ] 225

Aircraft Type

OTHERAIRCRAFT
Gliger || 0.08
Lighterthanair [] 0.09

EXPERIMENTAL
Amateur [0 0.98
Exhititon || 0.09

other [ 0.22

LIGHT-SPORT
Experimental Light-sport [] 0.17
Special Light-sport [] 0.1

0 2 4

6 8
Source: 2009 GA Survey Table 15 Hours Flown (Millions)

Figure 1: Hours flown by various aircrafts (Source FAA,

2009)

intra North American aviation accounted for 27.5¢%glmbal
RPK, intra Europe 12.5%, North America - Europe 12ia
to North America and Europe 12.7%, and all the 36s5% of
global RPK. How ever, the highest growth rates fatend
today in Asia (intra Asian RPK rose by 20% p.a.wssn
1970 and 1995). These data are the main inputlifoleenand
forecasts.

Chart3
2009 Hours Flown by Actual Use
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Figure 2: Purpose of travel of air passengers (Soae:
FAA, 2009)

The UK air traffic forecasts (DETR, 1997) predict

that there will be 310 million passengers goingdligh UK
airports in 2015, up from 129.6 million in 1995.i3Hs a
change of 239% and an actual increase of 180.4iomill
passengers, the equivalent of an extra 3 -4 agpbe size of
Heathrow.

Estimation of pollution due to aircrafts
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New Delhi, April 30 (IANS) concerned over the rige
carbon emissions by aircraft and the boom in theataw
industry compounding the problem, the governmetitseion
undertake a study to ascertain air pollution causeglanes,
an official said Wednesday. The Bureau of Enerdiciehcy
(BEE), under the power ministry, will look at thepact of
emissions by aircraft on environment. Accordingofficial
estimates, over 1,100 aircraft are expected todoedto the
Indian aviation industry, sharply raising the leyedm the
current 530.“This is why there is a need for cortithgca study
of emissions by aircrafts. Once we have over 1&0aft by
the end of 2011, it will drastically affect the émnment,”
said the ministry official. Globally, the aviatiomdustry
contributes over two percent of the total pollutiddso, the
airline industry emissions have gone up dramaticall the
past decade with the rise in the number of flighie to the
emergence of low-cost air travel. The Internatio®@ilil
Aviation Organization (ICAO) forecasts that airlieenissions
will rise to three percent of total carbon emissidny 2050, if
not checked. The government's move in this regasd
considered significant, as most countries have adire
imposed strict emission norms and noise restristiam
airplanes. At the third aviation and environmentngiit held
in Geneva recently, 13 organizations including
International Air Transport Association (IATA) aralrcraft
manufacturers Airbus, Boeing and Bombardiers plddge a
campaign against global warming and adopt stradegiminst
pollution. Last year, the European Union (EU) pregob tax
on all flights that arrived or departed from any Bitport, and
argued this would help curb the growth in carborissions.
The airline industry objected to the EU’s proposal the
ICAOQ. The industry accused the EU of singling themt and
said their emissions were negligible when comparcedhe
auto industry.

Aircraft emissions

the

Emissions can arise from different modes of aitcraf

operation, namely idle, taxi, take-off, approachl danding.
The mode of operation puts differing demands onatheraft
engines resulting in fluctuating pollution emissonFor

example carbon monoxide and hydrocarbons, whickeari

from incomplete or poor combustion, are generadlygést
during taxi / idle operations. (Many hydrocarbons adorous;
the typical airport smell of unburned and partiabyrned
kerosene is testament to this.) Emissions of NOwever, are
generated largely by the oxidation of atmospheitiogen in
the combustion process. As such their production
proportional to the combustion temperature, andssions of
NOx are therefore at their highest during the takephase
when the engine is generally producing maximum powe
During the landing phase the combustion is delhgsome
30% power; at such a setting NOx is still an impott
pollutant, whilst CO and hydrocarbon emissions bszo
increasingly important as the combustion thruspoufalls.

Aircraft emission calculation

Aircraft emissions (HC, CO, NOx, SPpat airports
are calculated for the LTO consisting of four opiermamodes:
approach, taxi, take-off and climb. A typical LTOycte
described by ICAO is shown in Fig. 1 [24]. ICAO uhefd the
climbing as the interval between the end of takeantl the
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moment the plane exits the atmospheric boundaer IGdBL)
and landing. ICAO’s norms therefore take air taémissions
into account from the surface to the top of the ABthose
height is defined to be 915 m (3000 ft) by default.

Scientific modeling and its uses

To analyse the quantum of aircraft emission fewinais
operational details were collected and a simplanghuule
based calculations were done to find out how muubuant of
pollutants may be released to the atmosphere. Genmisy the
altitude the aircrafts are flying and the speedvhich they
travel and the air dynamics at that altitude caltioy the

A model is a simple system which reveals importantPollutant dynamics is highly impossible but the ami of
properties of a more complex system that you wieh t Pollutants emitted remains hence a calculation deaee in the

understand better. More than one type of modebeansed to
study the same complex system, each model sheddiign

some different aspect of the complex system buh eacdel
has limitations on what kind of information it caive you.
Some of the basic rules and limitations of modeleug
presented in the following series of models. Modale
created to answer specific questions, how you degimur

model depends on the question(s) you want it tevansThe
more specific the question, the better the chanteashieving
a satisfactory answer. An important part of modgliis

experimental verification; where you compare thedpstions
of your model against actual observations on thenpex

system that you are studying. (Brien Sparling,200hgre are
many ways a model is created and analysed, thewsssis

software modeling which answers many queries rgpidth

less amount of resource consumption.
advantages software modeling is rapidly replacimmegic
method of mathematical modeling. In software madglihe
mathematical modeling concepts, formula were omslgdubut
the analysis part is done by the specific softwamd many
software based models were successfully creataddlyse air
pollution like MARKAL models, EPA models etc.

Aircraft pollution modeling

Figure 3: Image showing output of Piano Software
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baseline based on the fuel consumption per aircrtie

following tables containing details about variousraft and

their fuel consumption / passenger/ km is givema@lovith

their CO2 emission. Also a software model was used
analyse the aircraft emission called as Piano-X

Piano-X- A model to estimate aviation pollution
Piano is a unique professional tool for the analysf
commercial aircraft. It is used in preliminary dgsi
competitor evaluation, performance studies, envivemtal
emissions assessments and other developmental tasks
airframe and engine manufacturers, aviation rekearc
establishments and governmental or decision-making
institutions throughout the world. Piano was cowedias a
preliminary aircraft sizing and analysis tool. &shcontributed

Because of thito several real-world design projects, includingginal Airbus

conceptual studies of the UHCA (which led to the8BB a
number of 70-100 seater designs, and at least emenmd-
sized business jet currently in production. A majdgluence
has come from engine manufacturers. Piano doeslesign
the engine, but it is ideal for studying the apgicn of
different powerplants to both existing and projdctércraft.
Consequently, engine + airframe evaluation is dree rhost
extensive areas of usage for Piano. It has servad@mmon
reference’ tool between airframers and engine rsaftering
cooperative studies.

Liat,

-

= Maa Siuke Thams b

(e = =
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The performance capabilities of Piano also provedbé
perfectly matched to flight profile analysis focdsen the
environment. A number of major studies have usedo it
examine the global effects of aircraft fleet opierag. Piano
can easily calculate the spatial distribution oflffiows and
associated emissions of atmospheric pollutants (NE&x and
hydrocarbons) along a flightpath, given the staddamgine
emission indices published for newly certificatedj@es. You
can try Googling "piano aircraft emissions" to semious
high-level reports it was used in. Flightpath mdidgl can
include arbitrary landing/takeoff cycle (LTO) or rATraffic
Control (ATC) considerations. One major advantafjfiano
is that both projected and existing aircraft camuzlelled and
compared using similar standards and technologjasélines.
Piano's large database of aircraft is of vital gigance, since
aircraft design does not take place in a vacuure. Uger can
modify any aircraft already in the database, oat@eentirely
new ones from scratch. Available knowledge of dxeci
aircraft types varies, ranging from simple presieases or
brochures to explicit aerodynamic, engine and perémce
data. Whatever the situation, Piano offers appabgri
adjustments for maximising the fidelity of each rabd
Research and Governmental institutions have usadoFin-
house as part of their independent evaluations asfous
future projects, which can influence major decisioon
guestions of policy and funding.

Capabilities of Piano-X

e Piano is an integrated tool for analysing and garimg
existing or projected commercial aircraft. It geates fast,
accurate, industrial-quality evaluations (even onaptop)
covering geometry, mass, aerodynamics, flight perémce
and other aspects.

» Piano benefits from more than fifteen years oftveare
development expertise, methodology evolution anstarner
feedback. It is backed up by a long-term commitrreamd is
widely used by many prestigious Aerospace organisst

* It is applicable to conventional commercial subsaircraft
ranging in size from small business jets to thgdat airliners
currently envisaged.

e It includes a large and continually updated dasabof more
than 250 aircraft, calibrated with the best ava#abata
collected over many years.

» Piano can be used to generate new conceptuafjndesi
through single-point or ‘family’ analysis, multisigble
numerical optimization, or parametric sensitivitydies.

» Projected and existing aircraft are compared nhgdly
within a single environment using consistent statisla

FCA 35000.feet, 391 .ktas,
10503.newtons/eng=MCR-20%

227 .kcas,
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CL=0.44,

« Aircraft models can be adjusted in many ways tatam
known specifications or claimed performance levels.

» Piano can execute detailed flight performanceuations.
Off-design missions and time/distance/altitude/iata rarely
guoted in brochures can be evaluated easily.

» Piano is a highly interactive and intuitive pag&a The
analyst is fully in charge at all times.

 Extra utilities (airports database, airspeed eosions etc)
constitute a designer's everyday toolkit.

Input parameters

An aircraft contains many parts and a huge listen§ine
performance parameters are there but Piano-X maass
certain parameters only to determine the performanc
characteristics of aircraft engines and also teuwate their
emission standards which are

Input Parameters

Geometry and Balance

Mass Estimation

Aerodynamic Characteristics

Engine Modeling

Ranges & Mission Performance

Takeoff & Landing Field Lengths

Parametric Studies & Numerical Optimisation

9. Flight Manoeuvres & Sequences

10. Environmental Emissions & Costs

11. Size of the aircraft

12. No of passenger on board

13. Distance of the journey.

ONoO~WNE

Calculation

In the modeling software we had given various aitsrinput
parameters and calculated the results, a samplalatibn for
a particular type of aircraft is given below, taldlendicates
the fuel consumption of Fokker F70 in its varioeg &nd table
2 indicates the amount of various pollutant emisslaring its
travel.

Loading plane: Fokker F70

Range Report {design range & standard payload}
{TOW 36741.kg./ OEW 22672.kg./ Fuel 6902.kg./ Paylo
7167.kg.}
Range mode: max.SAR, step-up cruise
Climb schedule: 246.kcas/ Mach 0.709 above 33é4tl.
Cruise at Mach = 0.678 {FL 350}
ICA  35000.feet, 391 ktas,
11191.newtons/eng=MCR-15%

227 .kcas, CL=0.49,

From the tables it is found that more than themigsible
limit of pollutants were released to the atmosphéne
operating a single aircraft and thus if we consitler total
number of aircrafts operated by one particular campit
amounts to considerable quantity of pollutant einiss
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Table 1: Indicating the amount of fuel burned at
each stage of flight course

Distance(miles) Time(min) Fuel
burn(kg)

Climb 135 24 1158
Cruise 869 133 3323
Descent 85 16 113
Trip total | 1090 173 4595
Block - 191 4917
total

Table 2: Indicating the emission of various gases
at each course

Emissions| Taxi,| Climb | Cruise | Descent| App, | Total

t/o (kg) | (ko) (kg) Taxi | (kg)

(kg) (ka)
NO, 1.5 15.9 24.2 0.2 0.7 42.4
HC 0.40 0.60

0.68 4.31 0.29 | 6.28

(6{0) 2.7 2.3 17.9 4.4 1.8 29.1
CcOo, 549 3660 10502| 359 469 15538

From the outputs of the piano X software we urtdes that
the emission of carbon di oxide from an aircradtrtitg from
its taxing till to its landing is about in 8hrs Hman Airbus A
300 releases 124.72 kilograms of £@nd while comparing
to Airbus A 300 Boeing baseliner 747 releases aRB8i398

Suggestions and Conclusions

By using an emission calculating software (pianow® are

calculating emission rates for about eight airsravhish has
been commercially used in aviation industry. Thianp-X

software helps us to find the emission rates byingivthe

inputs of fuel consumption in various conditiorielidle, take
off run, cruise and etc. And this software tell®atbthe angle
of flaps, landing gear position, and engine speedhat

altitude. There are about 14-15 segments for egicrafi that

tells about all its flight conditions according tieeir altitude

and their range. reference' tool between airfraamesengines
makers during cooperative studies.

The performance capabilities of Piano also provedbé

perfectly matched to flight profile analysis focdsen the
environment. A number of major studies have usedoit
examine the global effects of aircraft fleet opierad. Piano
can easily calculate the spatial distribution oélflows and
associated emissions of atmospheric pollutants (NEZx and
hydrocarbons) along a flightpath, given the staddamgine
emission indices published for newly certificatetyi@es. In
our studies we had taken few types of aircraftigutated the
input parameters which are required to be givemiamno-X

and the basics of those parameters were foundrooin the
outputs of the piano X software we understood ttnet

emission of carbon di oxide from an aircraft staytfrom its

taxing till to its landing is about in 8hrs 7min an
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