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Oh! What a wonalar in the sky!

It iz an asraplane Mying so Mgh!
! am faster than any offer transpori!
I hald aad rest in the airports.
I fly above the mowrtains and oceans!
| safoly drop my passengers in fhelr destinetion,
{ @m a faass fo your oyes as o fwinking Slars-
Peaple come with ma fo frvel fast and far,

Becauge of continuous greed of human desire
There iz now nesd o change my enlire &tire
So that humans can fve saffe for generaiions and ganarations
I5 the spirit befited (e green alreradt and green revolution.

Eveary child has a dream 1o fty. This desire somelime bezomes eo ovarbearning that il manifests nba
an ambiion. Whenever we hear even the fanbzst roar of an airplane ergine, our hearl compess us
ts lsak usin he sky and son that magnificent masierpece of modern erginesring which cimbs up
o ihe zeridh of axoallence day &y day, setling new recard and Breaking tham gl oy saalf

Because of emendous wse of vanaus types of aircrals, we are new facing varicus envinanmental
relsted problems eeding 1o hazardous air pollution and =0 on. Se s a need of an how 1o go Trr
aitamBive sourcas of fusl S0 a4 bs save our pracious atmosphere and mother earn. "Greensr
aircrafs® is one of 1he stapping stene on cur way 1o save aur mather eartn snd eriay cur fullne
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2. Mythologdy

Human beings have baen chsessed by bhe
idea of fight since ihe dawn ol recarded
history. Myths and legends have also playad
an important panmt in man's conquest af jhe air
He always wishad if he could By, he would
ascage the troubles of eath, be free as a bird
and be closer e the Gods. This inbensity of
ancient man's desina 10 Ay can be Tound in
many myihalogical reproductions of India and
ahroad,

arww GEE BAIMHLY SO

Dwmefer and  Triplolsmirsare cansicdered b
bereaponsible for thoe vegataton on  this
aarh They faughl the world fhe an of
harvestingAccording 1o Greek  mythology,
Thptlemusracaivad sseds and a charist of
winged dregondromOemedes. Wik help af thia
ﬂ:,lm; chanotTrplolemes  dawed the whols
earth with thesseds racelved from Damatar
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In Roenan mythoiagy Cweid the Raman Godal
love is represantes a5 a Bile boy withwsngs
hokding bows and arrows

Similady, Epyplian Grffin 5 @8 legendary-
creature tarmed as king of beasl and il Kas
1 racterisic of lion and eagle, as it has

y of & lion with his hesd of 0 eage
with aresl ears, and feafhered breast, ‘wih
farelepgs ol an eagle inchiding claws with huge

wirge. These featwres indicate a cambinaban
of inteligence and strenglh,
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Indian mythalogy 18 having Iois of evidencas
and s also not behind athers, fegarding
miytholagical aviation
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Aricsl that petog Revanathe King of SriLanka
sboucted Stawdfe of Lond SrkRama, with the
halp of PostpskWiman, |was aeo ueed by Loed
Si-Ryra wikile rsturning Sack to Ayodhya after
reseiing SiA.
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L HEﬂ..I diman
in fhe same eple here was anoiber excelleat

axample ol Lerd Heanuman, who was sbis 1o Ry
Wit wirgs.
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3. What is an Airpralis?
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The scienca benind aircralt originates from the
study of cur festhered friends i the wild. Birss
in: the fight share all the sama fiying qualities of
our mditary and commarcist gircraft,. Man bried
I consiruel gercdynamic wings and fusslaps,
just Mg the wings and bady af the mirds. And
the same concepl & sl contineng in modem
airsrafs

Airgrafl 5 sn ohjecl that fiaals on ar by
oyargoming all the resislive forces which binds
have 1o face. Howewer, ihese forces acl
diMeranily on aircraft as well a5 on brds. Bul
tha pasic principal tahind Aghl depends upon
the basic prelimingsy foecee called as waight,
M, drag and thrust,

Lift

f
?:: e Drag
- a;? »
R TR

Weight

Tomowe ard run an airsraff an ground It hes 2
ovarcame frictian which acts resrwargs and
retards {he mabon, called &5 drag, Ths driag is
avercome by the powar of the engne of an
aircratt o move the plane it Tarward dirsciion.
This foror is called &3 thrusl Ta move and run
en fhe nurway the thrust should be more thar
drag. Bimilaty the lift shouid be more than (2
weght. However, when the airerafl i Fying at e
fized speed and altiede A B called & level
flighs, Here thust equals the drag and (iR
equals the wealght

Aeredynamic Forces

Apradynamics is o branch of dynamics, which
hets studying motion of air, sarticulardy whan
it Imteracte with @ moving ohject Asrodynamics
is & subfieid of fluid dwnamics and gas
dynamics, wilh much theory shared botwesn
tham, MAerodynamics (8 offen used synony-
reously wiith gas dyramacs, with the diference
being that gas dynemics appliss io all gases,
Understangng the mobon of ar (oftan caled a
floey  Fapld) arcund an obect anshles the

calculatan of Tonses and maments acting o0 1ha
obsect Typical properties caloulaled for a flow
fisld inckide weelocity, pressure. densily andg
tmperature 85 & funciion of postion and Sme
By dafinng a camisl volums around the flow
field, aquatiors far fhe conzencabion of mass
mieenardum, and energy can be delined and
ued fo solye the propertes, The use of
parodynanmics througn maemeamasoal anafyss
gmpincel approximafons, wing lunne! sxpes-
merkalion, and computer smulations foms tha
scmmiific basis far heavier-thar-air flight I8
physics, fne study of the causes of mofion and
changes in motisn is dynamics, in ather wonds
=iy af farees and oojects n moban. Dynamics
inchades sludy of effect of iceque o modien,
Thase ane in senirast 1@ Kinematice, tha branch
af clessksal mechanics that describes 1he falion
af objects withaut conskderation of the causes
fmading i the mofon

Thirust

Thinugt is thie forca that moves an aircrafl, song
4 specific patn In alroraft thrst comes from
prapeders of gt engnes, Tha force of threst of
arcraly will have a dived) bearing an e spaed.
You may hear the chrase “lhrust to welght
ratic” in discussiors of jst fghler aircrafl This
refers 1o A ratio Babween tha thrust of the jei
mrgine @nd the weight of the aircraft Al ciher
tings being equal an aincrafl weth g thrust @
welght ratio greater than one (=1} can propel
lzet straight up against the farce af gravity,
The =18, with s 25,000 pouros of aferburner
thrust, has a thrust to weight relio of 6.2 -1

Lt

Lif e tha geemangly magical force thal enables
aircralt to stay In the air It i3 possible due o
several interesding grinciples of poyses. Whan
B mowes quickly over an arched surfaca, the
ar pregsure above the surface drass. The wing
on an aircrall has & crosssection shapnd ke
ihe diagram below, which csuses & to spesd
up B3 it pas=es ower

As the ar speeds up, the pressure drops
abowa the wing. The air pressure under the
wing remains namal. which is now &5 highar
pressure than the &l aoove the wing. This
differarce in air prasswre produces 8 farce n
tha direction of the low pressure area Ths s
fhe force ihat crestes il in 8 wing



4. Pipneers of an Aviation

Fighl has fascnsten mankind for Sentunas and
countess ursccessful Mying machines have
teen designed. The first succasshul Fghl was
mada by the Fresch Mondgoifier brothers in
1783, when they fisw a balloon avar Pans

The nexl maje sfance
was the developmend of
ghdars, nolably by tha
Englishman Sir  Geamgs
Cayley, who in 1845
designzd the first glides b
make B susiEined fght
gnd by lhe Gemrman Ofo
Lil =nithal, who. cecame
known @5 the world's Frsd
Fasibas o |:t‘|nl bECELSE hﬂ 'Tlﬂ'lﬂ?&l!
Apricyranics to  achieve  conlmlied
fighis Hawever, paveered
fight dhd not baooms & practical possibity urtil
tha musntion af lightweght. petrel drinen
intarral combustion engines at the end of the
10™ cenfury

Er Geompe Cawer

George Cayiey's gidar

Then. in 1206, the Amercen prothess Oadlle
and Wilbur Wright made tne first pawared fligh;
i thair Wiight Flyer Giplane, which used a four
cyinder, peireé driven engne, Alrcraf design
advenced rapdly. and in 1904 the Frenchman
Lows Blerict made s pioneering fight across
fhe Enghsh Channgt {(sec pp 400-4001)

Ainght Fipar, 103

Shivkar Bapup Talpade was an Indian. schalas
whio 15 Baid bo have construcied and flown an
unmanned arplang in 1895 Talpade lived n
Sumbal and was a scholar of Sarsk niiterature
and the'edas He belongedio the Pathare
Prabinu commurdly whi wees the early satilens
of Mumbae iy,

B PN S

ShigtrarTalgadi flod fra! Sicran of wond

Talpade's arplane was named Merilsakha,
Mand ('stream’  and zamha (friend]  which
tagether mean 'Frisnd of wind. In 1885 O K
Kanjilals baok "Wimara in ancenl India’ and
fargihi languasge rewagapsr Kasan suggesled
‘Martzakha' s supposed o hava been
napirsd fram Vimana, ander? Nying-rmachines

in Hndu mythalogy

The Amercan Gienn Curfies alze schevad
spvaral “Frais’ in Me Modet-0 Pusher and #s
yarants, mast nofably winning ihe werdd's frsl
competiion for arspeed ol Reime in 1908

Gurts Mocksl D Fusner 1911
An organization of pion=ers who flew solo
before December 17, 1916
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those of eady manoplames. although the
prealer surlace erea of biplanes  wings
imcreased drag end reduced speed. Many
gircraft designers also biplanes; mome wings
meant @ shorder wingspan geve greatar
marauraraiiiy.

Prarsitiomns: Past amd 000 Dane..

Eanly Monopianes

Maonoglenes have one wing on each sids of fha
fizalage The prncipal dsadvariage af His
arangemant in emly, wocsden framed alrerad
was fhal alngle wings wera waak and regquired
girong wiras bo brace them to king posts above
and belew the fusslage, Howeyver, single wings
also had advaniages ey experenced loss
drag than mutiale wengs, allesng greater
spaed, they alsa mate aicrafit more mandely-
rable because singla wings were saser o warp
[twist] than double wings and warping the
wings Wik e plols controfled the mll aof eady
aireraft. By 1912 the French pilod Lodis Bleral
had used 3 moncokane to make the st flight
aorass the Englsh Channg! and the Briton
Riolbert Blackburm and the Frenchman Ammand
Deperdusan had proved the greater speed of
monopianes. Howswsr, 8 spabe of Gashes
caused by broken  wings  dscoursged

monopiane prodoction, axcapt B Gemmany,
whers 8l metal monoplanes wers developed in
YB17. The wings of af matal menoplanes did
red did ot meed simengibening by sinee or
bracing wires, bul desgite this. such planes.
wefa nob wadely adopdes will tha 19305

Blackbum Mancpdane. 1577

Biplanes and Triplanes

Biplenes Comirated Aircredt Design undil ibe
19308 largely because some arly monan-
planes were (oe fragile o withsiard 1he
stragaas of Night Tha stnis bebsden biplanes
wings meda the wings strang compared wih

Avra Tulor Biglane, 1837

Trplames ware most successful as fighter
during Word War 1, e German Folies
frislare being a nolable axample. However, ihe
greater mansuverazilty of tiplanes was no
advantage for nomal flying and =0 moast
manufacturems carfinued ba make bplanea

e feimmay

Awo Trplang 1Y, 1870

Many atner arcrall designs were aflampled
Some were guadruplanse, with four pairs of
wings. Bame had tandam wings (two pairs of
mansplana wings ong behind the ciher) Cne
of e most Mzarre designs was by the
Erglishman Haradio Philips; || had 20 sets of
natow winge and looked rether like a wanstian
blind.

Hovalio Fhilips Airerait
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World Wav | Alrcralfis

When Warkl War 1 stared 1h 1814 the man
purposs af mikary arcraft wes recannaissance.
Tha Hrilish built BE 2. Of which the BE 2B was
a wvarianl was wall, suibad fo this duty, il was
wery stable in faght, allowing the occupants o
study tha ferrain, fake phofcgraphs ard make
natas. The BE 2 wag also ane of the firat
aircrall b drop bombs Ona of the biggest
peablerns for ascraft designers during the war
was mountng machine guna. On srcrafi that
had front mounled progekars tha field of e
wiats resbricied by tha propeiier and ofhsr pams
af the alreraf. The problem was solved in 1514
by ihe. Dutchman  Anthary Fokies who
designadan inlerrupter gear that prevented a
machire gun from firing wihen a propelier blase
passed a frort of the barred, The German LYG
O had & foeward fining gun ba the nght of the
enging, as woll as a rear cockpit gun and a
bambing capabdity N was one of e most
versatia sircraft of the war

e AR T ST
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Helicoptars

Helicopsars use  fotaling  bledes  for (it
propalsion and steanng. Tha first maching 1o
achiove sustaired, controlled flight wsing
rataling Dladas was fhe autagino bult n he
18208 by she Spaniard Juan de & Gresva, His
machine had unpowered blades abovwe the
fusalage thal maliad an tha flow of air b rekate
thern and provide (it as the autagio wes driven
forwerds by 8 convenbianal prapailer. Then, m
1538, the Russian barn Amencan Igor Sharsky
produced his VS 300, the forerunner of modem
hefcoplens. He engne driven blades  provided
iR, proguision, and stesrng. IE cookd take aff
vertically, hover, and fly Im any direction, and
had a tail mobor 1o prevant the helicopler body
froen sprnag. The insroducticn af gas tarbine jes
engres ko helicopters in 1255 produced guisler
saler, and mare pewerlul machnes. Bacauss of
their versatility v fight, halicopters are feday
used Tor many puposes, including, crop
sprayng treffic surveilancs ard Erarsparing
cres to deop sea ol fAgs, a5 wed as acling 28
gunships, air ambutance and air basis

" NEIHE Bl 47G2A

Light Airerafts

Light Aircralt sugh ss He and super 2 shown
here, are small fAgnbaweighl, ard of eimpie
canstrucion Mora than a milian heva bean bult
sxce Ward War 1, mainky [or recreational use
by private cwrers. Vinualy all light aircall have
piston ergires, most of which are ak-conisd,
although §ome ame liguid cocled. Opan cocooiis
almest universal in fhe 15208, have loday been
replaced by apciossd catire, Tha cabing of high
wing aircraft usually have a siidgng o hinged
carapy. Most mademn Tight aireratt are made o
guminium allay, alibaugh eame arg made of
woad ar ol fibre. Renfored materials Ligh
awcrafl today also usualy have natigatonal
irstrumanss, an electrical gyatem, cabin haating,
whial brakes, ard & bya way radic

AAE ﬁ-mﬁ?
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Gilders, Hamg-Giidors and Micralights

Modesn gliders are among tha most gracefus
and sersdynamicaly efficient of all aincraf
Unpowenad bid with & lisge wingspan (up o
about 25 m, of 82 ), gliders usa currants of
hat, rising air (Ihermas) 1o stay a lot, and a
ruddsr  elevalors and milarons for contro
Modern glidars have achieved fighls of mare
than 1,450 km {500 rmifeg] ard alitudes atowe
18,000 m (49,000 R Hang gliders corsist of a
simple frame Bcross which rigd or flexitle
matarial is streiched bo farm the wings The
pilet 5 suspended below the wngs in a
haress of body-Bag ard. QRpging a rangular.




A frame glears by gnifting waight from side 1o
side. Leke glidgars. hang gliders rely on
thermatz for EH,  Micralighls are  basacally
powerad harg gliders. A small engine and an
open fiberglass car {trke). which can hoid a
crew ol ba, are supended benefil & sironger
wammn af a hang ghder frame; tha frama many
ave rigic or fedble wings. Maonolight piless,
ke hang glider plolz, staer by shifting theif
wemghl against & frama Microlghls can reacsh
speeads of upto V&0 kpn (100 mph)

Early Pagsangar Aircrafis

Lintl he 1980 mosl passenger airgrafl wets
biplanes, with bao pairs of wings and a weaden
ar metal fremework covered wilh fabnc o
somatimas.  plywned.  Such  arcraft  were
resticied lo low spesde and low afihides
because of he drag on ther wings Many had
an apen cockpit situated behind ar in front of
an erclosed bul unpressurized — cabin ihat

carmad a mawmum of en pecpla. Tha
passergers wswally gat in o wcker chairs Hal
wene aal Bolled to the fiaor, and fhe [aurney
cauld be oumpy whest  fying  chrough
turbifance Warm clalhing ard ear pugs o
macica the effecis of prolonged Noiss, wee
often fequired. Curing the t930s, powsartul,
sireamiined. al-madal monoplanes, such a8 the
Lockneed Electra  shown  here,  became
widespread. By 1953 the adveri of pressurized
cabins allewed fast flights at high a%iudes,
where ihere I8 less hurbulence  Flying boats
wese Bbll necessary on many roubes untll 1645
becauss of inadequale rurweys and e
fraquanzy of emagancy sea-landings. Warkd
War || howsayver. rfasdlted in enough good
rurways baing built for fand plhanes lo becoms
gtenderd gn all major arline rautes.

L L L]

Sidns v of Lockheed Elacira: 1334

Worid War I Alrerafis

When Wodd War | pegan in 19348, air forces
had skezdy replaced most ol their fabnc
slinmad Diplanes with al mMelal sireased &N
moraplanes. Aircraff oleyed a far greater roda o
miliary operations during YWarkd War || than ewes
before, The wide rengs of aircrafl dubes, and
thi imraduction of radar recking and guidance
systems, pul pressure on designess 1o momve
aircrafl  peformance. The main  aneas - of
improvement ware speed, range, and Sngng
pawer Hombers became lamger and mone
powertul — convering fram twe 1o four engines -
in arder io cary 8 hesvier bomg bad the
UE B-t7 Flying Forress coukd carry up 1o
B2 tonmas (61 tons) of bambs over & distance
of gbaul 3,200 km (2000 midag). Some sircraf
increased their range by ueing dop lanes
(el tanks thal were |etlisorad when smaky ba
rediuce  drag). Fighters needed spesd and
manauverabdily the Hawlker Tempes! shown
here had a mawrmum apesd of 700 kph
(435 mmph), and was oae of the faw Adied
aircrall capable of catching the Geman jet
powered V1 fiving bemik”, By 1844, Brian had
infrodused fis first orbojet-powered aircraft, the
Gloster Metzar fighter. ard Garmany had
miroducesd the faskast fighter in the wodld, the
tubicjact-powered  Me 262 which had &
mammum spesd of 368 kho (540 mphl



=2

:i' Y o E
B-175 Flpvg Fortress Bomber 1843

Modern Fiston Aarc-Engines

Piaton Engres woday ars usad mainly b powar
thg  wasi nmumbsrs of hghl  aiosaft  and
mienalighis, B8 well 35 op-sprayers and crop-
dusters. smail heficopters, and fire-bombers
{which dump waler on farge fires), Virtuaky 2
haauier airerafl gre now pawered by gt
engirea. Modem fesion asra-engings wark an
{he same basic princicies &g the angine ugad
by tha Winght brothers in the first powered fight
in 1503 However moday's engines arg mona
sophisticated  than eadiel engnes  For
examples, modom aefo-engnes may dss 8
two-stroke of a lou-strgka combustion cyce;
they may hawve fram ona to nife air-or water-
coved cylindars. which may ba aranged
hodiznmtaty, n-ing, m W formation, ar radially
and fhey may drive the evoraffs propelar
aither directly or Bwough a reduction gearbes.
One of the moss wuncorventional fypes of
mademn  asqo-engines B ihe rofany  enging
shown hams, which has a Tilobite (thres-sdad)
rotor spinning in & chambser shaped ke & Fat
figume-cf-&=ghl
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Modarn Jetfiners 1

Medarn  Jeibners Have Enabled  ordinaey
peaple & ravel to places whene orce anly he
weakhy coud afford to go, Compared with the

first jetiners (which were ntoduced in the
1840s), modem ones ara mush guister, bum
fual more efhicenlly, snd produce less er
poligtan, These advanses are largely due o
the replacemerd of flurbajel engines with
jurbalan engines. The greater -~ pover  of
jwroofan engines a) low speeds  enables
modern jefliners % camy more fual and
passengers than swrhojet akoraft, & maodem
Boeing 747 -200 [popuiarly. known &s a Sjumba
|et') can fiy 400 people for 15,700 km (8,500
rréles’ without needing o refuel. Jetiners fly &
high allitades, typically cruising at 8,000 -
11,000 rm (25000 - 38,000 M), whana they can
pme fuel afficiently and usualy avaid bad
wgathar,

e el O
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Kodarn Japiiar Enging

The pilot ahways canirois the ascrall durirg
tekeod and larding, but at ather limas the
gircraft = usually controfied by an awtopilol
Auibapilats ara somplex on board mechanisms
ihat getect dewatans from an aircrafl's rols
grd make appropnste. adjustrments to e fight
controls, Fight decks e also eguipped with
radars that warm gileds of approaching hazards,
guch @s mauntain ranges. bad westtar and
atnar girgrafl

tdoaprn Arminer

Supersamic Jefiiners

Supersonic aincraft fly fasier than the speed of
spaind (Mach [} There are many Superscalic
miitary aircraft, bul only bao  SupErsOnNC
passenges carrying aircraft (slso called (S5Ts

10




or suparsornd raraparts) have besn produced
the Russian Tu— 144 and Conconde, produced
|ointry by Brigin and France, The Tu-1dd wes
withdrawn in 1578 afies sely seven maonths 0
gamice. The conconde remened mo ssrvice
from 1978 wnbl 2002, with a break for
madificatione  from Juby 2300 wntll Cztober
2001, |ts teapures included a droop nose, which
iowered during taks off and landing Lo s
wisibiity from the eockpit the pumping . of fuel
batwesn forward and aft tom tanke hesped
stabfize ihe aworafl The concofde had @
namow  fueslage snd shoetspan wings 1o
reciuce drag diring supsrsanic flight Ha naisy
turbajet ergires with afterburmess enatlad i 1o

160 passangors al & cruising speed of
Mazh 2 &t 15000 - 18,000 m (30,0000 —
&0,000 ) Omes an aircraf is Mying fastar 1han
Mach 1, @ produces 3 conlinaus air pressurg
wave, wheoh is heard as a “soaic boom”

s ,.-J“:fmw_'u.ll\.hm
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Jot Emgines

Jet engines are used by maost military and
heavy alroraft and by many helicopter. The
gimpla2l Iype of jg3 engna, of gas turbine, s
the fubajet. |L warks by conlimausly burning &
mioture of fuel and ar in A combushion
chambar ta produce a jel ol kot exnaust. gas
that = sxpeled through a noezie 10 producs
trust The hot gas alea spins turbine biades,
which, i tum, spin ihe blades of an air
cpenpiaasor; the compressar forces dlr mto the
combusian chemoer. Many of ths fasiest
aircraft wse (urbajets, with sddiioral boaster
units cafod aflercurmers. but thair wse s
resiricted by, thair high noise emesicn. Most
jeffinsrs use tebolan jet engines, whech are
gquigler. An enoimaus fan, diven By oa low
pressura furbine, feeds some air nta the
compressor bul fesds rmast af it mough by
pass ducts 1o jsin the exhaust jEtsiream 0 ha
tail cors. The bypass streem produces most of

the thrusl, Many smaller, progeler driven
mroralt e turboprop jet engnes. |nowhich the
enging pawars a propalies

JEE s An ﬂ.'ﬁl;l'.:lf.:‘d‘ﬂ?ﬂ Evargraen Awaliod §
Snaco Musaim

Maodermn Miffary Aircrafts

Modermn miitary &ircraft gra amang the most
seghislicated and expansive producls af ks
21% cantury, Fghiers nesd comguter opsrated
contrals for manewverability, powarful angines
and effaclive alr-io-alr weapans Most moedam
fightere albo have guided mesiles, radar, and
passivainfra-rad sensars. These develpments
engble foday's Fghlers 1o engage 1 combad
wilh acheersaries that are owtside visual range.
Bombers camy 3 large weapon lcad and
eraugh fue! for long ranga flights A few
military aircrall such as the "Ternado and the
F-14 Tomcal have varstle sweep ("swing')
wings. During takaaf and tandng lhes wngs
are fuly extandad but for high speea fight and
fow Sevel atlacks fhe wings are pivoled fully
pack. A recent davelopment s the “sbaakh
pamber which is cesigned Lo sbsarh of deflect
enemy radar in order 1o remain urdatecied
Earlier combers. such as the Tomads, u=e
terrain follewing redars o fly so clede 1o the
graurd that they avoid enemy radar datection.

B e T
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. Envirommental Impact of A'I'Hl’h!

The tad Impasl ol awation cosurs because
aircrafl engines emil heat, noise particulate
rmatiers and gases which cantribute 1o cimals
chanpes and global warmang. Total pallution
airiulable 1o awation hes been found. o
nezegse desple of vanous advancamants in
techrologes such Es emission reductons from
mutomaobiles, momg  fuslefficient and  less
pedluting turbo fan and wirbs POP engines. in
tha Eurcpean Unien,  greenbdlse o gas
emiasions from awiaton increased by BT
pahween 1960 &nd 2008
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Mechanism and Cumuative Effects of
Aviation an Climate: g

The contibufion of owil aircraft-in-flight %
giobal CO, emissions has bean astmated al
arourd 3% However, In the case of high-
gititude girfiners which fragquently fly near ar m
e sirasoephere ran-COs altiude - sensilive
eflects may ncresse the tolel Fmpact on
anthropogenic (hman-made) climale change
significantiy. & 2007 report from Ervironmantal
Changa instilute ! Owford Universily posts &
range closer to 4 parcent cumulaive effect
Sybsanic awcrafi-m-fighl comribute b climate
changs in four ways

Carbon dioxide (COy) 'd

Lo emesions - from arcraf-in-flight are  ihe
most significant and best undarstocd amen
ol avalions (ol sentibugien G climete
change, The level and effects of COamissans
are currently beleved to be broady the sama
regardiess. of altfude (e, Thay have Me sema
atmosphan; . effects s pround based
emEsicns), In 1982 emissiars of GO from
gircralt were esfmabed al arcundg 2% af all
such arihropogenic emissions, and thal year
the stmosphenc  concamrafion  of GO,
gttributanie ta evissien was anund 1% qf the
total anthropogenic noeEsa.

Creigdes af Nitrogen (N

Ab the high altitodes Fawn by |emge jo1 adliners
ground ihe iropopeuse. emissions of NO, are
particularly effective in forming azane (C.] in
the. upper tropasghene. Hgh stfude (B-13km)
MO, emigeions resdt i greater concentratiang
af Oy than surface NGO, emissions, and these in
1 have a greater glohal warming effect. The
eHact of O, cancenirations are regional and
local jas ppposed to COy emigsions, which arg
gabal

WO, prissiora &0 reduce  ambent lavels
af miethane, anather greenhouse gas, rasuffing
in & climate cockng effact But this effect doas
nat effeat the O;farming efect of MO,
gmissions I 18 now believed thel arcrall
sullurend water emsSsions in the  slratos-
pherelend to deplete Oy, partally offsating the
M, imduesd O increases. These effects hawe
nol been auartifies This problem doss nab
apply 1o arcraft thet fiy bower in the
irocosphere, such as light aworaff of many
rommiuler arcraft.

Sius sloud farmatmn

O of the products af buming hydrocarbans n
oxygen = waler vapouw, & greenhouse gas.
Wabar vapaur producad by aircrafl engines al
high alihude, umder carmin  almosshanc
conditione, cordenses e droplels o form
Cendersation treis, oo canrads. Contrails are
yisible [l clsuds that farm inocbid, humid
almospheres and are thought to heve a glocal
warming efiect (thaugh one less significant
than ellhet GO, emissiona o MO, nduced
effects) Corfesde are exbremaly rare from
lowar-ginude aircraft, ar from prapellar-anvan
arcraft o roforcral\Matar vapes (H0), and
carfrads.
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Cimus clouss Have beet abservad o dévelop
alisr the parsssent formatan of canlrade and
mave besn found o Rave a ghobsl wammmg
sifect cwor-ard-anave that of contrall fTormatisn
gione. There B a d=gree of sciabimc
uncenssnty sboutl the coniributon of camrad
and elirie cloud formaton B glabal warming
and attomcty o sslimate anaticn's peerall
climate chamge- cormibatan o pot tend 1o
indude - s affecty on cimuE  Cload
ennancement Howeved, 8 2015 siudy found
that arificial cloudiness caused By sormall
“mutbreaks” reduce tha diffarence betwesh
daylima and nighiima  temperstires  The
foornar  drs decresded and the  |atter aro
ieressed, n comparssn o lemperatures 1he
day bafore and the day aftar such oulbreaks

Farticuiates

Least sigrificart is ihe ralease of sop ard
sufase parficies Soot absarbs haat and has a
warming eMect suffate paticies  refiect
radiaficrs gnd have @ smed cooling effecs, In
addition, Ty can influenca fhe Tarmation and

properiies of clouds. Al aircrall powares by
rombustion will relsass same amount of saol

Groonhouse Gas Emissions per Passonger
HKitoreires

Averaged Emisalons

Errsssions of passengsr aircrafl per passanger
kilometre vary extensivaly because of difering
facioes such as the stze and type of srcrall, ihe
allitude ard thie percemage of passengsr o
freight capacity of a parliculas flight, ard fhe
digtance of the jaumay and number of slops en
route. Also, the effact of a gwen amouni of
emissionrs on climale [radisinve forcing) 8
greater at Figher altiudes: see below, Some
representative figures for COy emissions ane
provided by LIPABTOE sureey of awverags
direst amissians (rot accountng for nigh-
altitude radiative effacts) of ailiness exgressed

gz GOuand CO;equivaleni par passanger
kilpmatns:
s Demestic. short distance, less than 462 km

(ZEA M 25T okm GOyor 253 gkm
(14T ozmile) SO,

» Domestic, lang ostance  prealer  than
463 km  {28Bmi; 17T ghkm  Cliar
178 gikes (1001 oafmilel SO

» Long distance fights: 113 ghm COpof
114 giEm (6.5 apimils) ©05.

Tatal Climada Effects

in atempting io aggregate and quantfy the
iolal cimate impscl of aircrafl emissions fhe
Inter governmertal Pansl an Climess Change
(IPCC) has estmabed thal aviaton's batal
chimale impact is some 2-4 fimes fhat of is
direat GOy emissicns  alone jexcuding the
paterfial impact of cimus cloud enhancement}
Ths I8 measurad as radiabee forsing  WWhile
thera |8 uncertainty abautl the sact level of
impact of NCx and watar vapour, govenments
have accapled tha broad scientfic view thad
they do hawe an efecl Globslly in 2005
aviation contributed "passily as much as 4.8%
af radlafive foreing.” LIK . governmenl  policy
statements have strassed lhe need for aviation
{0 addrees ibs total climale chanps impacts and
ok gimply tha impact of C0;

The IPCE has estrmated Ehal awvaton s
responsible for around 3.6% & anthropogenic
clmate change, a fgune which ncudes both
o0y and non-C0y mduced effects, The IPCL
has prodused scenadios estimating what ths
figue couid be in Z050. The central case
gstimate |8 that avialion's coningidion coud
grow to 5% of the total contribution by 2050 f
ackan s nal taken to teckin these amigsans,
thaugh the highest scenario = 15%. Marpover,
# ofhar induskies achiewe signficard culs - In
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their own gresnhouss S8 missions, avialion s
ghara a@s @ proponion af dhe remairiog
emssions eoukd alsa rise,

Futiere Emission Lave!

Evnn though thera have been significant
improvemants in fuel sficisncy througn aircrafl
technology and spefalonal management a3
described here, these improvements are baing
oontrualy eslipsed by the increasa in g raffic
wokifma:

What is the seope far improving efficiency
to reduce emission?

Aircralft EMclancy

While it is ue Emal lale micdel et aircrall ans
significandly more fuel efficient jand thus amil
fess CO:n pasicuar) then e earliest (et
alrineres, rew ariner masels in the firsl decade
of the 1Y Ceriury ware carely mare efficienl
gn a seal-mile basis fhan the latest pisban-

pawered mifiners of fhe latx 18950 (g
Constefatonl-1649-A and DC-7C}

Clamsfor a high gain in affciency Tor airkners
over fecent decades (while true 0 par) hes
besn teasad high n most eludies. by using fhe
gady ingfficient models of jet Rifiners as a
baselne. Those svcraft wess aplimized for
increased revenue, moluding nceased speed
and cruising -afitude, and ware guite fued
mefficignt in compasson  fo thew  pistan-
pawened forarunners

Today, Wrboprop aincrafl - probably in pan
bacaisa of fheir lower crusng speeds and
alfitiges {similar 1o the earlior piston-powerned
aifiners) comparad o jet aifiners- play an
obvicus rale 1 the overal fuel efficiency of
major girines  thal have ragional caries
subsidiaies. Far exampie,  afhough Aldsks
Airlinas scored 81 the top of a 2011-2092 fusd
efficiency ranking, § s large ragional carmar -
ilitco-prop equipped Harzon Ar- wee dropped
from the lempad-in consicaration, fhe allngs
ranking would be somewhat lower, &3 nofed in
the rankang sy

Sireralt mauiaciunars ang sirving Tor reduciions
if oth COs and Mix emissians with each new
genarstion of gasign of aircrafl and enome.
‘Whilg the inroductian of meme madem aireralt
roprésenls &0 oppartunity to reduce emissions
per passenger kilometne flown. aircrafl ane
mejar imvestments thal encure for many
dacades, and replacament of the mbermatanal
et & Merefora @ longdern propeaition which
will greatly celay realizing the climale bensfits

TITETATTA LS gL Ry P [FSTI THAy LI

of many kinds of impravements. Ergines can
ba changed a1 soma poinl, bui neverihedsss
arfcames have a long life Moreover, rather
than beng ineas from are year to e nexd the
impravemerss o efficiency tang ta diminish
over ime, &% reflactad in the hisloies of Bath
pistan ard et povwarsd aircrall

Dperation Efficiensy

Adding an elecing drive o e alplans’s noss
wheel may improve hiel efficiency Suring
ground handiing, This addfien woud  alliow
{axiing withoul usa of the main Engines.

Cdker appartundies arse frgm the opbirmisaban
of aifing imatables, foute netsarks and Rght
frequencies o increase load factars {minimiss
the funbar of empty seats flown;, lagethar
wilh the palimesation of arsgace.

Arpiher possible fedugtion of the clemae-
ghangs impact ia the Imistion of crulse allibude
of awsiaft This would lesd to & signficant
raduction In  hgh-aiffude  condrails far a
margingl trage-aff af increasad fight time and
an asfimaied 4% increass 0 GO, smssiong.

Life-cycle Assessment of Emissions by
Airiners made of Composifes

A lite-eycls pssessmerd ol the cradia-te-grave
gnegy  consumplion  of @dicers made  al
garhon-foar-ainonced  pelymaer {CFRF]  kas
shawn fhal by S50 guch ancral coud rasalt in
o 14-15% redoction i COs emissions oy the
girfina  frelustry, comparsd b0 convertisnal
griiners  The siudy considers the €O,
mrrEsinne of the conslnection, aperafion and
eventual dispossd of arcralt ke 1he Bosing
TE7. ‘Whis the ermssions mdoddion for an
ingieidual airctaf] is estimaled o be 20%, tha
sludy anived at e 14-15% feal-wide sstimate
‘berause of Hwa limibed Peal panetratan by
2050 ard the incressed gemand far air frevel
due 1o lawer opaialing costs "

Alternative Fuals

Some seerisls and oomganes dush as GE
Awiabian and Wirgin- Fuels  are  resaarching
bafuel technology for wuse In jet aircraft Some
aircraft engines, like the Wilksch WAM120 can
(bring & 2-8treke Diesel enging) run cn slraght
vepelable oll. Also, a numbsr af Lycoming
engines nin wel on efmanol.

n addifion, thare ana aso several esle dane
combining ragulas petrafusls with a pofuel, For
gxampla, as parl of 1hs test Wirgm  Adlanlic
Ajramys New a Boeirg 747 from London Heathnow
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Airport fo  Amsterdam Schiphol  Arporion 24
Fabruary 2008, with ona engine buming a
combination  ofcoconut ol and  babassu
oil Greenpeace's chief scientist Doug Parr said
ihat the Mighi was “high-alilude grearmash’
ard that producing erganic oils 1o make biafuai
could lesd %o deleresialicn and 3 lerge
increasse N greEnnouse gas emissinns Alza,
tha majonty of 1he work's aircraft ane not barge
jetiners. bul smaker pulon aFcraft, and Wi
majer modifications many ara capable of using
elthanol 55 2 fuel. Anothar considaration = e
vagt amount of lard that would be necessary 10
provide the bomass feedelock resded 0
suppor e needs of sWigbon, path civil -ard

miltary

in Decembar 2008, anAr Mew Zeanc o
completed the word's first commercal EWiatian
test fight partiafly uaing jatropha-basad fuel
Jatropha, used Tor biodesel, can fhaive on
mengingl agrcultural fand whare mary reas
gnd crops won't goow, or wsild produce anty
slow growtn yeslds. Air MNew Zealand S8l
gevarsl general sustainabiity critaria Tor 2s
Jatropha, saying that such bicfusls mosl not
compate with focd resources, thal they mist
be as pood as traditional et fueis, and that they
gheaid be cost som pat#ive with axisting fuela

in January 2008; Consnental Arlines used a
suslainabia bialuel T pOREr A commercia
aireraft far the frst ime in Nomh Amenca. This
mmarks 1he lirgl sustainabie biohel demanstraton
flight by & commencial carmer using 8 Pen-
angined aircraft. & Boeing 737-800, powersd by
CFMd  International CFMSE-TE angires. The
bigfusl blerd included campenentsderived from
algae &nd jatropha plants

One fue biofusl ahermative to awgas ihat s
under develdpment is Switt Fual, Swifl lust was
Aporoved 85 @ test fusl by ASTM intemational
in Decamber 2009, allowing the compary 1o
ceatmue  Eralr  ressarch oand fo pUrsue
sprtfication tasting Mary Ruses, prasident and
co-owner of Swift Erlenprisas presicied at that
fime that “100SF will be somparably prices,
prwiranmentaly frandier and  mare  fusl-
afficient than othor gereral aviation fwals on
she rarkat

Kyoio Protocol

Gregrhouse  gas  emissiors  from  fusl
cansumption i internatonal  avistion. 0
contrast to those Fam domestic awvaton ard
Irarm anargy use by airpors, ane excluded fram
the scope of the first perog (2008-2012) of

{he Kyoto Protacol, as are the rian -G chmals
effocts. Insbead, governments agroed fo work
throtgh the Intemational Swil Aviatien Ongani-
ratian (CADE 4o limE or reducs emEsans ard
i find 3 solutien & the allocation of emissions
from intarrational viation in tme for the second
pariod of the Kyoto Pratocol startng Fam 2008
howeusr. the Copathagan cimate confarence
Failed reach an agreement

facent ressarch pomis fo this faiure as a
substantial phetacke o giobal pokcy including a
0, emvissions reduction pathway that would
avold dangerous cimate changs by. keeping
tha incroase it e aesrape global tefmoarating
bolow & Z°C nea

Effects of Climate Change an Aviatioh
inereased Twrbolancs

i report publsted in e sclence jaumsl Natre
Chmate Change foracasts That increasing GOy
jevils wil rasull i @ significant increase in if-
flight furbulenca experanced by frans-Allantc
awrline fights the middia of the 213l cariuny
The lead aulhor of the study. Paul Williams, a
regeancher @l tha Mational Center for Atmog-
oherie Science, @l the University of Reading
shated, "gir turbulence does more Man just
intarrupt ihe servica of m-Right drinks. Rl injures
hundreds of pessongers and Eircew EBvery
yoar - sometmes falafly, It efso causes dalays
and camags to planes.”

WNoises

fireralt nolee & smen by advocacy GROUPE a5
heing very hard o get attenticn and acion on
The tundamental Es0es are increesad fraffic ol
largar arpons and arpon expansion at smaller
and regiaral airpars

Alr Quality

Alr guality around airports (8 enother magar
jasma ard a ZI06 study found that a level of
nitrogen dioxige exceeds EU guideines at
morethan o thirds of airparts  surdeyad
Birmingnam arport dsmissed fhe findings
aegarting thal the resuls were skewed by W42
motarway rafflc Unrelated 1o tha airpart, whist
giudies 81 Sputhamplon Alrpart aftricute 555
per cant of total pallutanss fo aiporl activities,
ihe magorty of the ramainder beng genarated
by non-aipan related road raffic

(mim}
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7. kel of Aviailon [o *G0 GREENT

We observe the bad impact of varicus bypes of
polktion on our atmasphere. This uitemabaly
wil lead to hazardous offects an 21 Iwing
organisms: of the word. So thair = a need o
“Go Gresr” |n avation secior. Ths incluges
changes in engnes mechanism,  opticnal
corenbanal fuss, aircrsfl body el

Ewveryons agreas that aicalt engnes neads 1o
get greerer. Does the answer Fe  In
revolutiopary propulsion sysiems, or will our
future traveds will B2 powenad by the same oid
jel sagine running an renewable fuels? Tha
prosent Meta! working World locks infa the
asm engines of the fulna, The gas turbine jel
enging has sered tha airline induabsy well far
rare than B0 years, with  delalively  Tew
changas in the propulsion system. But wah tha
aircrafl industy facng incressingly stringend
leg=lation on emisgions and noise palldioh a4
wall as conftimeously increasing faal - costs,
ragaarchars are woarking o rabohet up he
spoad of iechnology devalopmant

Agmbon condribates Boowd 2 percent of he
GOy ermisalons from fossil fuel use, and B3
gamand for air ravel nses, 59 Ao 2MSSICNE
Mean while, airpedd nilrogen oade  (NOR)
emssions from buming &t fusl, which cause
acid rain and smog and cost sockaty Gilions of
dottars gach year from ilinesses and desih, are
expacted to double before 2020 To counber
this. in 2001 1he Eurapesn aviaton indisiry sel
a larget t5 reduce fusl consumplicn by
50 percent per passanger-kilemetee by 2020
and N emissions fram commercial aincraf by
A0 peroent n fhe same yaar

i the shard 1emm, expens agres thal progress
in making sngnes cleaner and mone afficiEnt
will toka plece vis 8 series of small evoltans,
rathar than a revaludion Develpment projedts
at universilies research instiutions and engine
manulactirers are consiently coming s wth
minar twesks 10 snginas to imprave thed fuel
officienicy, sush as fhe Rajls-Rayes PANMACES
praject in which Sandvin Coromant was a key
partner, By infrodusing new materials  Tor
enging components, the praject sl raduce fosl
corsumptisn by 0.5 10 0.5 parcant, saving B0

kilsgrames of GOy @vary ume gn airgraft crossas
ihe Aflantc

Medamshile, competing engae  manafaciuner
GE  Awigtion recenlly announced & 0o
propulsion syslem for busiress j@is that drves
on a ecambination of milBary ard civilian
technokgies. Its Passpar engines, which &9
urder development and expected to enser ful-
scale festing in 2013, feature & higher pressue
ralio arpd B compressor made of rew - and
unramed — advances malerials. GE predisls
that tha angnes will acheave B percant lower
fusl consumplion and considarsly lowar ROz
emisskms. ‘Passpot & . the wordds first
miegraied propulsion  systern  Specficaly
dasigned  for  wEraslong-range,  large-cedin
business jebs, giving cusiormens the power 1o fiy
mom quisty and efficiendly,

The pulse delonation engne, which has e
paterdial b radically increasa tharmal efficiency,
is cne of the mare exciting prapulsian techna-
logies being researchod "Algas could provde 3
salufion io preduse the recessany emounts of
biofusts wilhout cormpeting with food production,

Qpen rotor engines;

Also known as propfans and ulira-high ypase
anEnes. open rodte engmes offer the fus
ecunemy of & tarboprop with tha speed and
perormanca of & wbofan, Patenbed = 1673,
apeEn rodnr engines have the polential 1o daliver
{usl savings of around 30 percent, but fhay ans
naisiei lhan oirar angne typas

frrfarcooded recuperated sngima.

The integraticn miba ihe arcraft engine of an
infercoaler and & recupsrsior, of  hesd
exchanger, makes i possibe o ecover heal
from the hot exhausis to the cofmbusban
chambar and b2 decresse he lemperaiure nsa
of the burmer. This can conbibue o fusl
savings of araund 30 percant and at the same
trne reduce MO and naise levels

Ramawable fuals;

Jatropha. & weed-like planl thal grows o0
barmen land, = Being hailed as & potantal
scurce of et fusl, Saversl airfnes have
succesaflly tested the od prodused fram
@tropha seeds, which, it i claimed, aMers
gresnhouse gas reductiona af up fo 60 pergent
compared with pefroleum-basad i fuel In
Jdume 2011 8 Gulfstream 5460 powersd oy
equal amourds of Hadilinal fuel and &
rameina-bazed biofuel made tha first-ever
iransafiantic bafusl-powared flight ==



&, Green Revolulion in Aviation Secior
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rvwrstrrait Sipportunies For Futins Green Aircrall Tsthnoioge:

Taxing the cognizance of ill-effacts of aviation
varials efforts throughout the world are being
takan to control the bad impact. Organizations
warking in these fiekds am as follows

Avistion Environmant Federalion

The Aviation Environment Federation [AEF)
& ihe princpal U nan-praft  making
teganisation concarnad with The environmeental
pffects of aviation These ranga from sviation
noiee maues assocabed with smal aiElips or
hedpass to the comrioution of aifing emissisns
i glabal warmirsg {tha current climate change)
The AEF |& wigely guoted in (mierratonad
media 88 8 spurce of research and analysis on
issLes relatad bo aviatan ard the enviranment,

The AEF was established in 1875 and now hes
over 120 affillated members  comprising
semmunity and envirenmental groupe, local
aithortes parish councds, busineseas and
consul Endies

AEE & & mamber &l Sirporfiateh, 3 UK-wide
rabtacrk of congaryation and rasidents’ groups,
and GresnSdies, @n umbrella organsation
camprising all the major Edropean NGOs wha
hedd a stake inaviglion pelicy.

Carbon crealis

Carbon baged mokoules are srucial for life an
garth, ag il Is main companent of Biokegical
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comppunds. Carbon 5 also a majof compeasan
of many Mménerals carcan Ao exiaks in varous

Ar irmportant sbep in this process was made in
1655 when over 2500 scenlisl arcund the
warld agread for the firat trma that 1he
emigsione of green house gases from human
activiligs rave influenced tha global climste, So
the resutanl conclesion wae 10 reguce this
emiksions drasticaly

The mechanism was formalsed n the Kyato
protocol, an imernationsl agresmant Delween
mor {han 170 countnes. The main aim was 1o
reduce e emissions,

In tnis process a news exparmental
cancept known as CARBON CREDIT

Miow winat o ‘credils' mean ideally, here 'credd
means 3 ‘cerificaie jusl ke & slock I is
alsa cated @s GER' (Cerdified Emessions
Reduchons),
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Under the Kysts protocol every countiy have
ba=n given assigned amounts oF ‘cAps ar
guatas. These guolas or caps napresant an
allawance for eg one mednz tones of carbon-
diowide squivalent ard thess ane entered nkd
the country's national registry,

The countries in Wim Ben set quokas on (b
gmissions far this local business ather industrias
ar organisations . Thase ccganiationsans called
as pparsiors

Kyabo proiocol was saluitariy egrad by 147
counirigs. The prelrmnany phese ended in 2007
Whereas R sacand phase stated fam 2008

Thie emissions cap, ss well as the lime frama
has besn apacifad,

Kyolo proftocol  provides  cedain Texible
mechamams 1o enabla tha counlfies ta meel
the shjectivas in any mannmer, The Industry
mieel find the lowest cosl salulions o mest
these abjectives. with 88 the raw mabarial thay
have al ther disposal.

But the undedying thumb mle s the decided
hasaiing against ime frame

Carban based moleowes are crucial for e on
eath Since the iIndusirial revolutaon, e entea
glebe has been comeeriad o two main fones,
First developed couninies lika LS Weslem
Eurgpean counties eg - Germany, Franca,
whose acanomy is flourishing on ndustries and
fesionas. But = jum beeause of this human
gctivity, it has modSfed thea carbon cycle. By
parming fossil fusls, it s changing the terreatial
and ocEani: baechena

inda. China ard aomea pthar Asian counines
fall inta developing coundries whose main
scopomy s based on agricufiure. Thess
developing couniries are already folkewing the
standard eval of carmon emissan

Kyoio proiocol |5 acknowiedging the efforts af
low carbion emizsion put up by ese countres
by Bwarding ihem cerficstes calEd as
CARBON CREDITS

All the dewalopng countres who arg emithng
more catson ather gases shoud volunfardy
bring dovn the ‘evel of carbon they are
emitting to the lewels of parly 1980

The fime frame gioted m bang down She
emiggion is from 3006 o 2092

Thase developed counlries have Ooscdes
diferanl norms o brirg dewn the lewed of
amission fized for thes companis  and
Taclores.

A devenped country can  ‘Spansor @
geenhouse  gas  mduction gropact 0@
daveloping country whese tha cost of the projec
i5 usually much lowear.

In ke ransaction, e developing countnes
zan irede the carkan credils by salling tham to
developed coumtnes that are axceading ther
amissaon Largets.

Same mare mpartanl efars &e in e pipe
e of wvardous techrologias  which  will
ultmately help 1o redice the pollutan lewel o
ihe great axtant Some impodant eforts are
ligled bedow,

Ecofmandly Plane

Accongng bo the Stern Rewview . on the
Economics of Chrmabe Changs, the GOy fram
guigtion accaurts for 16% of all global
gresnhouse Q&S emissions and (s set 10 reach
2.5% by 2080, [ATA staded e enviranmenial
mevamant for airfines by egelting &0 impordant
and significant goal — cresling & Eero-
amissions ainplans within 50 years, Taking this
nta corsdershion some airlines hese Eken
staps 1o develop eoofiendy planes which will
palp tha onvironmenl by e madection of Cla
eTiEsIon. THESE ENIiNeS ane-

Vingin Aidines starded fs envirormental afforis
by signing a deal with Soaing thal suppases
e purchasing 8 number of ecalrierdly
aircrafls 1o use on their roues. The airling will
racaive 15 TEF0 Oveamn Mess, that wse 20%
less fusl for everny passenger coboard than
ather planas of 3 similar size,




Tha naw girorafis will a2 be able to olfer less
pumpy tkeofls and landings, cledanar &r
larper wndows, morg storeage spaca and
enhanced lighfing anbaard

Continental Airlines repiaced a large pan of
ther Peel with planes thal afs Mo aramgy
effizent The company saved an impressive
amount of fual and reduced emissans by %,
giter installing winglets on il fheir Boaing
7aTs amd 7T Morsover, the aiflme has
begn axpetmenting BoeingT3T% fghte wsn
Bio fual, which is made from extracts of algas
and jeriopha plants

Easy Jat plams on inslalng new  snargy
efficient angnes on all ther Arbus AXSs By
doing thal, the company nends fo cul e
mane-niltopen axide emissions by 25 parcen
By 2015, the Easy Jet offsials hawve In mind
reducing nolse by 25%. CO: emissions by 50%
ang NOw by maore than T5%. According o the
company's officials. Easy Jet has cul fts GOz
emisaichs per passenger kilametre by 18%
simce 2002 Trair eficiency and wse of smofer
girpornis alows sasy Jai io fiy maore passengers
iFight and emit 27% lass carbon par passangar
kmn fha feguiar companes

e B R L

Lufthansza i ora of the companigs thal maca a
commiAment to the emvironmant The aidine
plans o use at least 10% of Gio fuel of e iotal

fur nesded for fiying and adopls  new
techrelogies and rulss thal will cul carkan

disdide  emissiors by CE8%  until J020.
Lifianse ass hag & set of instumerts
anpoand {Mazar) szone, waber vapad MOE or
C0z, which scanlis! use to  understand
weather and maka forecast mora pracise

Masure A i an adine buik en a 100% camon
naudral avialion program Mature Sie, Costa
Riza's natioral airline, ergages pRSSENQES in
& carcan offset schesre and & sommitmerd far
fual meduction. both o0 the ground and in the
air, Mature Al has developed Coels Rica's only
big-diesil fualing siation and aims (o become
chrnabe nautra: by 2021

Tra Ecoled is a prooosed shori-haul aireradt for
100 to 200 pessengars using praplan engines
{ill 2015 by Easy Jod in Jumea 2007, The aim of
ihe Ecodat is to buld a passengar aircraft thal
would be maore emvircnmantaly frendy than
current  generation  Jets  (fwe e direct
compedilars Speing 737 and the Alrbus A320
tarnily]. becsuse fhe imended design using
walkl meduce carban doxide emissions oY
80%. nitrogen oxida am=sicns by T5%, anz
naise pollsion by 25% versus cumant Boging
73T giandards

Eco-frenhy dincralf ey 1

ln.  an e@a  when
evarything  else 8
accelerating.  aiplanas

ae aciually fiying at
similer spaads than they
used . Fuel efziency
ard noisa s the majar
reasoen betind dong =0

Aifinens are always irying 1o make more profis

by culting cosks  like ovarheads, cubling
sloppages 10 a&ve landing charges of dfferent
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girports, avoiding deensons o Bave fasl,
making the Rghis fual afficient.

Tha less fuel planes have to bum he Tnendlier
thay are o the envionment as far as
emi=sicns e concerned. Efforis sre on D
reduce emissions by austainable Bo-luss for
gvigtion which cowd reduce CO, emigsians
Ao, o oa full carbon life cyche bess, [ATA's
facus &8 on bis-fusls sourced from sacand af
new penaration (g Algae,  Jalropha,
Camalira) bamaze. Tne mdusiry also mes to
reduce  airerafts’ emissions by developing
cleaner bumag sombustion chambsars, Ansther
raaaon is the passsrger planas don't go lasler
than the sp=ad of saund becauss hey would
produce sonic booms. Aircraft nese hes
always besn a problem, and even though
game piston-gngine  planes produces fpoiEe
tnat many faund anraying, it was the amval of
gt ergines ihat increased tha level of nolss on
rrany alrerett

peasr blopaaat oo

The biggest saurce of srcalt noiee B the
engines, Desgners have succasced in
reducingthe noise by dfferanl methods lika
Advzsnoad Chevion designs, appicaton of
fluidics and smaner materiais. 1 1s not that
thase jel engines canngt travael faster than
spead af which Biey are craising  Bul
reguiatons and fuel econamy restricd 1them
from domng so. Safety is the majer companent
in devslapment of Awviation Industry. Many
rmajor - changes ocourmed in the industry wilh
respect to safety of passengers, crew and
nEturg also, Whal of gl tha aircraft engnes fail
during flight? Thie was the majar concam,
Reliabifity has ncreased tremendously in past
50 years Bopng 707, 737, DC-5, DCAT were
iha aircrafts fyng with 59 engines, Alhzugh
they were ninreng an only coe erging in flight
bt @s g gafaty messures thess grcrafis had 3.
4 sngire. 5o that if any enging fails piot could
UER another ergines.

Woen we lalk of Bosing TET Dreamlinar,
aircralt which & 2.5 fimes pigger than nis

pradesessons, have anfy iwo engines. This
aplly shows the mcreased mliabildy of the
angines in thase days

Ecofrigndly Alrparts. .

Following are te bast fhee scofriandy
airports present in the warkd which have taken
cangnigancs of saving aur earth from poliulion

Baston Logan Intermational Airport (B05)

Bustan Logan proved to be ane of the leaders
i1 gresn inflistives with the first LEED carified
grpot terminal an the WS In adofan, the
grport has wind turbires and solar gansls
More recently, the gates at BOS were cutiittad
wilh reraf] plug-n power oglions at aach gate
gg thad airplanes don't hava 1o nin ihe aucdiary
power unibs &5 much while Iccated at'the gele

HOS gained approval and notonety for an
snvironmenlally-iendly  asphalt  mis  1hat
reduced OO, emmpions draslically and saved
fuet @nd anergy durng conginuction

Dertver intermational Alrport (DA}

Tied wih Allanta Hartsfieid for best domestic
airpart in Exeoutive Travel Magazine Demver
intamational Alrpart = an all-arourd gresn
mirport. DA has ihe largest sclar farm at &
commercial airparl n tha Linged Skabes

e A ey A ao

In addition 10 recycling the useal paper, plastic
botles and aluminuen, DA mecycks ovar 20
types of materials, inchuding reslawrant graase,
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organics. aircraft deicing Nk, glass - and
demoitcn mabanak.

Galtes at (& provide plug-in powar angd pro
conditiorad air 55 that aircraft A4PFUs dor't haee
to run as oflen, which lowers amissions. And
alternative-fusl venicles ame plentiul 8l DA
wikich offars @ fes meducfion Be  laxicab
companies and others [hal choose o use
hybrid wahicles

Seatile-Tacama Airpot (SEA)

SEA-TACSs new consalidated rental car feoiy
meets LEED regueemeants  with  organic
cempound Eainl, geatant, adbestee and carpel.
Arnd SEA-TAL expecls o recycle abaul 86% of
axcgss bulding madesal Fram 1he groject

wsrE CORTE COnY

Alpng with e usual recyclabies, SEA-TAC
airpart offices. and vandors recycle al leest 10
differarmt materials, irckding cooking ol and
cotfae growinds. The recyeling programis a
rawards-paged ane In which eleclrorés irasn
menitoring  devices charge retailers for irash
recaptacle usage, and recycing is fraa

Altermative sourcas of fual

Tromendoug research is going on in the fisld of
studying alternative sources of fuel for future
gifcrafts. Some of he IMmpordart fuals am
discussad belaw

Biofuaf

& bicfusl = afuslthal s produced Shoough
confamporary bialegical processas. such as
agnculure and anaersbic digestion, rather than
@ Tuel produced oy geclegical processes such
a8 fhaes inwoived i the feimabon of fossd
fuets, such as coad and petrolelm, frem
prehistore Diological mater Bicfugls can be
derived directly from plants, o indirecty from
sgricultural commercial, domesic, andior
indisstrial wastes. Renewable bofusls gensmaly
Irvelve cantermperary carben fivatan, such &=
those shat ooour inpants or microaigas trowgh

e proceas aof choweswnthess, Ciher renewabia
bipfusis are made fhfough M8 usE of
conversion of lamass (rafermng o rascamly
living arganisma: mestl afien refering foplans
ar planl-derwed materials] This bamass. can
ba convartad Io convermenl efargy containing
subsiances in thrae diferanl ways: ema
conwversion, chemical comversign, and bioe
chembcal camiarsion. This bBamass convarsion
canm regult in fue! in.salid, liged, or Q&s fom
This new kiomass can ako be uged direcsly for
beafuels.

wrvvry s il SO

B aacin Rpeng srcrad

Biosthanal = a0 aloshol mads by fermeantation
mozlly from cerbohydrades produced in sugar
pr sigrch crops sush  As comSugarcans, of
swant sorghum, Cellulasns HomaEss,  dsnyvad
fram noen-food sources, such as troes and
piasses, = ako beng devsloped 23 A&
fesdstock for ethanal pradestion. Ethgnal can
be vsed as a fuel for vehickes in its pure fom,
but H & usually ussd 5 3 gasaling addive o
inciease octars and imprayve vehiclke envesons
Bipathans! s widely used @ the US4 and
in Brazl Current glant design does nod provice
for corwverting fha lignin pordicn of plam faw
rnatenials bo fuel compansants by Fermarntation

Bindiossl can Be used a5 & @l for wehicles in
5% PIXE farm, Bun I & usmeally usesd s oeskes)
gddte - 1o mduce ievgls of paniculales carban
iglralabialel #d hydrocarbons from digsal-
powened vehickes Bodesal 8 produced from
ois- or ks LISing trarsasienhcabon and s the
mosl commaon Sinfual in Eurooe

In 2013 wordwide befusl producton reschad
108 billlen [Hers (2B bltion gailons US), up 17%
fram 2009, and tofuels provided 2.7% al tha
warkd's fuals for road Fansport, 8 canlfibutan
largaly made up of =thanol and bicdiesel
Glotal slhanal  fuelproduction  resched B4
Eillanliers (23 bilion galions WS) in 2010, wilh
k& United States and Brazil as the warld s top
producars  accounting logether for 890% of
glabal praducton. The workl's largest biodiesel
crpdiucar s the Ewnpean Union, sccaurting for
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3% of all bodiesel produstion in 2000, s of
2011, mandaies for blending bicduels exial In
31 gounties al the mational level and in 26
gtates or pravincss. The Internabanal Energy
Agancy has a goal for biofuels 1o meat mors
thar & quarer of world demand lar
frapsporaton  fuels by 2080 1o reduca
depangence an patrolaum ard coal

Firat-generation bhiofuals

"Firsl-generatien’ or convantional biafusls are
riada from sugar, glanch, or vagedatle all

taar athamal an dhe i8] (4), gasaiaor the Agit G}

ad a fkng sanan nBan
Biaiogically produced alconrals, mogt cammonty
#kannl. and less cammarly - propanal and
butanol, . are podisced by the aclion of
microgrgarisnta  and engymes lhiough e
fermeriafion of SUgars or stanshag (eagiest). or
calluizes  which = moe diffiul B
bBulanoletso  caled bio-gasolae) & ofien
claimed ta provide a direct replacamant o
gasoline, becausa @ can e uged diecly in a
ganaline enginas

Ethanal fual s the mast comman babael
weridwide, particuladdy in Beazil sloahol fuets
are produced by fermentation ol sugars
denved From whaml, com. sugar Desls, sugar
cane, malassas and any sugar or starch tam
which alcoholic  beverapges such  as Whiskey,
can ba made such BE potaio and frat washs,
@c The smanpd produclion methods used
are ancyme digestion to releasa sugans Trom
stared starches, fermentation aof the sugars
distillation and drying

in high-altiude (e ihén air locafine. soma
staies mandate a miv of gasaling end ethanal
az & wanter oxidizer fo reduca  atmosphedic
palluficn amissand

Bipdiasel

Biadiezal e the mosl common  bofel 6
Europa. It is produced fram pils o fals =g

transesternfication and 18 8 hguid smilar 0
composition 1o fagsliminesal dies=l. Cramically,
i conamts maostly of fatty acid matiid (or-ethy
e=aiers  [FAMES) Fesdslocks for  biodiesel
inciuds  mmmal  fals, vegeisble 4ils,  £ay
rapesced, jalropha, mahua, mustars, flas, sun-
flower palmal, emp, feld perycness, Pongs-
mrapinnets and igee.  Puretiodiesel surently
redicas amissans wWith up ta 80% compared to
diesn! Secord genaralion

Biodiessl can be used i any diesel engine
whan mixed with minersl cesal In soma
counbims, manulasturets cover thed  diesed
prgines under wamanty for E100 use afthough
Wolkswegen of Germany, for example, asks
dreeers 1o check by Selephone with the Vil
amvirpnmenial serdces  deparmenl  bedoma
gwitching o B100. 8100 may becams mona
yiscous al lowar temparaiures, @epending o0
il feegstock used. In most cases, badisss! is
gompathle wih digsel engines from 1904
onwards, which wse Witen' synthelic rubber In
ther mechancal fusl  mjeclion  systams
However, re wehisles are carified for using
niegt beadiesed befare 2014, s there was ng
amissan canirol pratacsl availatle for Badeeal
befors {hs date.

Electronically canirefed ‘comman i’ and ‘unl
injector’ iype syetems from fhe lae 19805
prvwards may onfy use badiess| banded wih
coreentional diesel fusl. These sngnes have
fingdy matered and swomized muliple-siage
irgackan syslenys at ar very gejmiive o the
yvimaosiy of the fuel Many cureni-gararation
digzel engires ane made s2 thal thay can
on B190 withoul aferng the ergine dsed,
although this depends on Ihe fuel rel design
Since bodosal ks an  effectyve solvant and
cleansresidues deposied Dy mineral diesed
gnging filters may need to ba mplacad mere
oftan, == lhe piofust dissolves oid deposis in
the fuel tank and pipes. 1 also efeciively cleans
Hhe  enging combustan  chamoer of  carbon
depasits, helping 1o malnian officency, |0
rranyEuropean cauniriag, & 5% biodeasl béand
s widely used ard is available at thousands of
gas slalions Biodiesel is also an oxygenated
fuel meaning i contairs a reduced amount af
cargon and  higher hydrogen a&nd  sacygan
corient fthan fossll diessl This improves he
caombustisn of biodessl and meduces tho
pariculate emissicns from . unburmd carban
Howewer, esing neat bicdiesel may Incresss
Mw-emissions Blogesals also ssfe o hendie
and transport because & NOTSGES and
mogegradatle, and has a high fiash peinl of
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aboud 300 "F {1448 "C) compared 16 gelrolaum
diagel fusl which hes & flash paint of 125 °F
(52 G

Other binalcofls

fetharal = currenlly produced  Tram natural
gas. @ non-renswable fossd fuel. In tna future il
= hoped 1o be producsd from biomass as bio-
methanol. This is technicaty feasiole, but the
gopnamic viability 18 81l pending. Thamathanal
econamy is  an  sltamaive o thehydrogen
econemy, compared o loday's  hydrogen
presuctan from natural gas

Buian (CHOH) is formed by ABE fermentatian
[apsione, batanol, eihanol] and axperimenlal
modifications of Bie process show polentally
high nel anengy gains with butanct a3 tha cnly
liguid groduct Bulanal will produecs. moee
grargy ard dllegadiy can ba bumad “straight” @
pxistng gasoine engnes [withaul medification
i the angine er car), ard I8 less corrosie and
feie water-sokuble Ban efansl and could be
digTbuies vim exsling mirasruciires. Yiton and
BP are working ipgether o halp develep
butanol, Ecoi  srane have aea been
guccessfuly engineerad b produce butaral by
madfying thell aming acid melabalism

Grean diese

Green cesalis  produced  throogh - fwdio
eracking bologcal ol feedsiocks, soch as
vepatable ails ard aremal fats. Hydrocracking
i & refinery methad fhat uses alewabtad
lemperatures and pressine m the presance of
& catalysl to breax down larger molkecules,
guch as lhose Spund invegelablo ofs, into
sharler  ydrogarpan chaing used in diessl
engings. It may also be called ranewable
diasal, hydro realad vegetable of or Dydrooen-

UL s TR

denved renewable dissed. Green diesed has the
sama chamical proparies as parolpum-based
diesel it dogs nol faquire nes  BNgENes
pipelings or infrasiruciure 1o distribube and usa
but has not been produced &1 a cost thal s
competive  withpetralaum. Gasokne veraions
are a0 baing developed Green dess| = beng
devefoped in Lousiana and Singapore by

ey

Coaoco Philips. Mests Oil, “alero, Dyremc
Fuals, and Horepsell UOP as well a3 Praam in
Gathenburg, Sweden, crealirg what is knawn
as Evolution Ceasal

Binfuel gasaling

i 2093 UK researchers  dEvESCpED &
goneticaky modified sirain of Eschencha call
[E.Cok), whicn aould transfarm glucose inle
bofusl pasoline fhat does nmol Aeed ko ba
biended. Later  in 2013 UCLA resasrchars
grginesred @ nave metabdlic pathway 1o
bypass giycolysis and Increase the rae of
eoavaralon of sugarg into biofuel, while KAIS
regaanchers developad a sirain capate of
producng shoi-chain alkanes, free fatty acds.
fatty sslers gnd fatty aleohola Mropgh the Talty
aoyl (acyl cemiar pratein (ALFY e fatly acd 1o
fatty acy-Coh pathway ir vivn, It is Delisved
trigt in the futime @ will be possisle @ “teeak”
g genes B3 make gasoine from straw of
animal manure

Vegetabia olf

Wsdmar sk

i fieat lngs millions of miles sach year, ang tho
compary  pienned 1o doukle  tho o fleels
gHiciency belwaen 7005 and 2098 This truck
& ane of 15 based at Walmarl's Buckeys
Anzona dstritalion centec thal wae convariad
o run on a bofusl made from reclaimed
cooking Qrease  praduced  dwing  food
pragaraton ab Warnar slarss

Ao with 100% bDiocesal (BIOOY, o ansume
tha fuel injectors slomize the Yagelabia ol in
e comect patem far efficient combustion
vegetable ail fuelmust be haated to reduce
ita wiscosity o that ol digsal, eilher by sacing
colls af heat exchangers. Thig |8 easier in
warm of tlemperate cimates. Sig corporatans
like MAN BEW Diesel Warsila, and Deuiz AG,
as wall as a nunbar of smaler compsnies
sxh = Ekbett ofer engnes 1hst are
seenpatible wah streghl vagetable ol withoul
ihe raad for afkes-market modificalions
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Vegatabde ofl con BSs ba wsed moraEny midar
disssl engings thal do ol dss comman
rafiar unft mjecton elecironic diesed  inEclion
syslams- Ouo to the design of the combusiion
crambes moadirest rgechicn engnes. 1hese
are the besi engines far use wilth vegatakle oll
This systam alows the relalively larger of
moseeules moma fime 16 bum, Some cder
engines, especally Qs and fals can be
fygrogenated 1 give & dissel sutstiute. The
resultng product s @ siraight-chain hydna
carbon with @ high cetars  numiber, o
in arematics apd sufur Bnd  does. ‘nob cordan
owygen. Hydrogenaled: oilscan b= blended
wih diesel in & proporfions. They have
spparg| govartages owver beodisse], including
gaod performance al low temparatures, no
slerage stabilty prebiams and no susceptibility
to micrabial atack

Bioethers

Biselhers {atsn  refarred o as fual elhers
aroeygenased  fusfs) am cesteMecine
comprngs thet act as potang radng erhancars
"Hipathers are produces by the reaction ol
reaclivie lso-alafng, such as mo-bubfers: wilh
tiostharal, "Dioafars arg created by wheat or
sugal  besl  They also  enfance &nging
perfarmance, whist  significantly  reducing
gngine  wear  andbaicaxheus!  emissors
Though bitethers e lkely o fepeaca
prdroethers indhe LK, & is highly unlikely tey
will Bescrme & funlin and of kel due o fre law
anergy densily. Graaby raducng the amount of
ground-levelazone emissions, they corlrSoate i
air guality.

When It comes 1o IFarspartation fuel ihere are
gix gfhar addithes-

1. Dumetyd Evher (DME)

2. Digthyl Ether (DEEY

3. Methyl Teritiary-Budyl Etner (MTBE]
4, Eihyl Tar-butyl Ether (ETBE)

& Tar-amyl mathyl Efrer JTAME)

& Tar-amy! athyl Eiber {TAEE]

Biogas

Apee carping hegas

Baagas is meihane produced by ihe procass
of anserobcdigestion of arganic.  matarial by
graerches 1§ can be produced orber from
bicdegradatle wasle maienals or by the uss
af gnengy crops fed inta anastobic digesiars o
sueplermant ges yieds. Tha sokd Dy produst,
digesiate, can be used @3 8 bufiel o a
feriizar

« Biogas can be recoverad from meshanical
biglegical  treabmentwasle  plocassng
EYRISME

Nole: Landffl pas, & less clean fom ol
bigas. 18 proguced  in landfille through
nalurally occurring andernahic digeatan, B
ggcapes inlo the simospham it 8 &
poteniial greerhouee Fas

» Famers GAN produce LTal: 1]
fripmmanuratiam - thaeir caflle By useg
snasnchic dipesiers

Syngas

Syngas. & miglure of carbon  mangede,
mydregen and ather hydrocarians, (5 praduced
by parfial combustion al bomass. al s,
combusiion with ma amount of oxygen 1ha s
nal  s4gfficiend 16 comwart tha omasa
competaly 1o carbon diode and waler Betare
partial Eombistion, the biomass is dred. and
sametmes pyoivsed.  The  msubng gam
mixture symigas; 18 more affcient’ han direcl
combistion &f the orgingd bofusl, mare of the
eriergy contained 0 the fusl & extrached

= Syngas may be tdrmed drecty in miermal
cembustionengines, 1whine s arrighelemp-
grasure fusl e2lls. Tha wood gas penesalol.6
weod-hupled gasficaion “esclor, ©an be
gonnesied b an intarnal sembustion enging

* Synges can be  used ko produce
mielhancl, OME ard fydrogen, o canverned
yla tha F=ches-Trapsch processio produce
g dmsal subatiiute, or & mxture of aleohals
fhal can e bHended ifie gasoling
Gasilicaton nommaly  melles on emp-
argtures grealer han 700 °0

s Lowsr-emperaiuce gasilicaton 5 desirable
whan co-producing bischar, bt resulta in
syngas polluled with tar

Second-generation {aovancead)] biofuals

Second generabion bioluels, also known as
advarced bicfusle. ame fuels Ihal can be
mamdacbured from wanous bipes of DOmEss.
Blomass i & wide-fanging 1Bnm maaning any
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sorpe of organic carbon that s renewed
rapidty &5 part of the carbon cycle. Blamass |8
gerived from piant matedals bBul can albso
include animal materiaks,

First penseation bofuss are made  fom
ihe sugars and vapetable cils found it arable
crape, which can be easily exiracted using
carmventional eehralogy. In companson. second
generation binhiele e made from ligrecellceic
blomass or weady crops, aghcullonal resduss or
wasts, which makes [ harder fo extract the
required fusl. & seras of physical and chemical
fregiments mighl e requred bo  corver
hignacailoss homass 4o liquid fueks suRskble for
transportation

Susfainsile biofuels

Bisfuals in the fomrn af ligaid fuels derjwed frofm
planl matertals, sra snbaring the maneat, dovan
mainly by 1he perceplion thal ihey reduce
climate gas emssions. and a%o by fecloms
such asofl price spkes and the need for
increased arargy secunty. However, many of
the bicfusls thai are curently being supplied
have been criticisad lor their adversa impacts
an ke salura’ ervirgnment, food secumy, ard
land wes in 2008 the Nobel-prize winning
ahamist Pad | Crutzen pubishad hn-:lh'rpr.- that
tha release of nitnaus oxige (M) emissions it
the produstion of bofuals means thal dweral
they canlribats mora to global warming than
ihe fagsil fuels ihey reglace.

The challenge & %o suppoit  biofuel
development, inchidng the devalopmant of
riw celldnsic - technalegies, with responsible

and ecansmic Instrumants b help
arsure  thal bicfuel commerciakzation =
sustairabie.  Resporsile commerciakzabon of
biofuels represents an oppanunty 1o enhance
sustainable scanomic prospects i Africa, Latn
Amenca and A8ia

Ethanal biofusls

As the primary sause of biofusls in Kok
Amarica, many organaations are conducting
ressarch in ihe arsa of athanal produckan. The
Natiomal CaimioEthenal Rasearch  Cerder
[MGERGC) = a resesrch division of Soushern
Ilircis University Edwandsvile dedicated salely
ba athansl-basad bipfuel research progacta, On
the federsl leved the US0A conducts & lange
amourt  of research  regarding  ethanal
produgtion in tha United Stafes. Much of this
fessarch & tergeted jowassd the effect of
ethangl production on demestic food mistkets,

A division of the U5 Departmant of Enargy,
the Mational Renewable Energy Labowatary
{MREL), has also conducted warious sthanod
ragearsh  profects, manly 0 the area of
celulosic stharal

Calulbsis  athared  commencialization s the
praceas of Buikiing an indugiry oul of methods
of turning cellubces-conisning organic rrabe
inty feal Comparses sweh as logan, POET
gnd Abongoa, @ buding mefaanas that can
pracess omass and im0 imo Blceihanc
Companies, such ag Diversa. Movorymes, end
Dyadee, are producing enzymes thal could
erable @oslluloss ethamol futue,  The shift
fram ‘ood crop feedsiocks to wasle resdues
and natwe gresees  offers.  significant
appartupities foe & range of players from
farmers 1o biolechnalogy frms, and  from
proect developens o Irveskara.

A= of 2013, the firsi cornimerclal-acale plants o
procuce cefulesic  biofuels  hawe  begun
eperating. Mutiple paltnways for the sanversion
of different bicfuel ‘eedstocks are being used

in pars of Asla and Africe whene drands
pravail, gweet garghum s beng invesbigsled ag
a potential souce of food, feed and fusl
cambined, The crop is parliculaty sultable far
grawing in arid sondiliors, a8 it only exiracts
are seventh of the watar usad by sugarcanes
InIndla;, and other places, Saest sarghum
steks @ra  used o produce  hicfual by
squsezing the juice and than fermenting nta
ethanal.

Algan biofuels

From 1878 to 9886, whaUS NREL
axparimentad using algae as a bisfusls saurge
in the "Aguatic Species Program’. A sef.
published artce oy Michas! Briggs, at the UNH
Bigfuals Group, afers estimatas for (he realliste
reglasement al all vekicuar fual with bicfusis
by uging algasa theat heve a natural of carilen
gragber than S0%, which Brigge suggests can
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be grown an algse ponds % waste waler
freabnent plants This oil-nich alga can then be
extracted from fhe systerr and processed ino
teafuals, with the dred mamainder  fusther
reprocessed (o oreale ethenol, The preductan
of algae 1o harvest gl for baofusls has nab yet
bes=n undertakan an & commercial scale
bul feasibiliy studieshave been conducied b
arrve af th abeve yleid estimatn

Jatrapha

Several pROUPS N vanous Seom Bre conducing
ragasch on Jelrpbacess & poisoraus shrud-
kg tem thal produces seads corsdeed by
many 1o ba & viakle source af biofusls feadsiocs
ol much of this research fgcuses on Improving
the avemall per acre ol yield of Jatropha thraugh
advancements i gerstics. soil scerce. ard
horticuhiural practices.

el el

&G Baofusls 2 San Diego-basad @trogha
developer, Mas used molecular breeding ard
Bicsschnoiogy to produce slile fybrid seads that
show significant yield Improvemants over first:
genraratian varelies 50 Hicfuels also claims
additoral bensfis hava ansan from such strains
inciuding Improved owening  synoheonicity,
feghar resistance fo pesis and diseases, and
incraasad coid-wealher aleranca

Fungi

& prous gl the Russian Acagamy of Sciences
in Moscow, n a 2008 paper, stabed they had
moleied e amounts of lpics from Single-
cetled fung and fumed it into biofsels e
ecangrmcally effizient mamner. Mone regaancn
an  this  fungal species.  Corrxphmersi
JEpnmca, and alhess, 5 linelytc appear in ihe
rar future. The recent disgowery of & varfant
ol Ihe TunguaSiochmiismnosaen] ponts iowarn
the production of so-caled myso-diess! from
colldose.  This  oigarsm  was  recednly
diszovarsd | the rainfordsts ol nonkem
Patagania. and has the urgue cagabiity of

conyariing cefulose mta meadivm-langth hydres
parbions tygically found in daszal feel

Micropial gasironfesinal flora in 3 vaseky of
animals have shewn  potental  for  he
praduclioh &f bicfuals. Recent ressareh hes
ahown that TU-103 a sfran o Closindfam
beclera found inm Zebea fsces, can comver
neary any farm ol csliuizss inio butanol
fuml Microbes in panda washe as being
irestinatad lor their use In coealing  otusls
fror cambog and other glan makanas

Althoughl we have 5o many cpfana’ odiess
fusiz, vanaus resaarchas are slhill going on due
o congtrain m spedific fhpulse. The thfust
requirgd while laking off and landing of an
grrrali s @ high rate This fual hes conslraing
of the regulred thrust efforis are o 10
rvEnGOrE 1hiS I§5UR

What Is Greener Aircraft?

Greener Aircraft basically means an aingraf
that podioes ess emission M Doh rESPECs
namedy manufactures and cperatans, thus
helps W keapsg the anviroment refatively
clean. Thare are various sieps lowands this
direction; =se af betler and kghter acofiengly
materials, Enpravement in manufacturirg lech-
malogims thug raquinng less enesgy, mpro-
vament in ergine technalegy Mus burming kEss
fuel and prodicing clean exhausl imprave-
manis N cperations [Bsser faxing time, k=as
time wested in lending and S0 on) lessar
mavemant of wehicles and sugpon agugmean
on srporls thus reducing emssions

Indian skies @me seeing maere ang maone Aircrai
year aflar year and iha frend i gong 1o
continus in the yaars to come. The |etest and
biggest Civilian asropiane in the world, the
Ajrbus-360 has entered the Indian skies \We
have  devaloped and  manufaciured e
Advanced Light Helicopier (ALH] and ouwr Light
Combat Aircraft (LCA)L chnsienad Tajas’ has
been cleared for induction into the Indan Al
Force.

oo
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%, Preseni Inifiatives.

ln fRig sechon we ame gaing fo read aboul
various advancernents in the field of alroreft
techaalogins. Varlous typas of aircrafts which
gre in exmlercs an the reseansh development
in tra given fisd wil us proud faeling ol aur
preat scientst for ther rerrarkatle achisvemars
i the field of aviaton Thase exampls of
girgrafts will help us 1o make our fight green. 12
will protect our anvironmant from tha avis of all
bas effacts whizh olherwize can spail our
precious atmasphere, Let us read abow this
types of aircraft.

Efactric Afrcralt

Anelacine wreralt s an aircrafl that muns: or
almciric moiors rathar than inl&mal combuslion
engines, with ‘elaciricily coming from fuecels
splar calls  pEracapaciiors, power BEAmINg
of patening

Curently fiyng plecine alreraft are moElly
axperimenial demorsiratoes. inghading manned
and unmarned  garial | vehicles. Eleciricaly
powered raded aircraf heve bean ficwn since
the 167T0s, with one répor In 1857 The Fret
mss-cameng elecincally powmied Figlie. ware
made 0 1973 In 205, a mamed Eolar-
powered  plena, Golar  Impulss,  Deagan 3
planned S-mienth croumnavigalion of the Earth

Salar Powered Alrcrafl

Ching's first solar-powered aircrafl "Soaring”
was gesigned and ouilt by Danry H. Y. Li ans
Zhaa ¥ang In 1993 Tha body and wings ara
hand-puilt  predomirantly  of carban  fiber,
Kevlar and waod. The design uses vinglats 1o
inpcreasaths afective wing span and recuce
ingducad drag.

feard

Tha Garman golar-powened arceal “licard 1
was sesigned and buill by the nstiute of
aircral design (msiutar Fligzeugtau) of the
Liniversity of Stutigart in 1856, The leadar of

the project ana often gilol of e aircraft s
Rusall Vail-Mitschmann tha head =f the
irElitute. The design wan ihe Bertlinger priza
in 1886, the EAA Special Achievement Award
in Cshisesh, the Goldan Daidalos Medsl of tha
Gerpan Aarpchis and the QSTIV-Prize n
France in 1547,

LF

Built by Lange Flugzaugbau GmbH. the LF20
was @ heavily mpdified DEE0D First flown an ¥
May 1998, tae airerall was used as a fiving
testbad and technoiogy demarsirator. Powsared
by Hikh cells and usng the sarma EA42
propulsian syetem: a5 fhe later Amanas 20E
ke LF20 coudid climb 1725 m on cne change.

20M=

Lamge Antares

The Lange Antares 20E Iz an eleclic, self-
faurching 20-meter sailplane with a A2-sliowatt
DoOG - brushess - moalee and lithiam-an
baitarias. 1§ can cimb up to 3,000 meters wih
fully charged cells The first flight was in 2002
The Aptares 30E was the firsl aircratil wih an
phicire proputsion systent lo obtain a cerificate
al &r worthiness. |n 2011 the aimoraf wan tha
2011 Heringer campetiicn.an ambilicus sl
challenge for “gresn” aircralt Tre Lange
Anlares 23E & a 23.neter version of the 20E
leaturing @ wides ranga” of wing-oading and
begher perfarmats, using the sarms propuisan
sysiem 4% Whe 20E ang Arcus £ The Large
Artares 23E first flew in Decembar 2071, with
peries produciion cammancing in ey 2012

Alan Cocconi and the Solong

in 2005 Aan Cogooni, who founded  1he
Califatma (USA] sechic-propueon research
eompany G Propuson,  faw, wilh e
assislarce of several ofnar gk, an urmsnnad
grplane ramed *Solong” for 43 hours non-sp
propelied eniraly by solar 2nemy, This was The
figt such arpung-theckck fight, on erengy
siorad i the betisies mounted on ke plane.

Solar impuwlse
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The Swigs salar airsraft Soler Imgse 1 made
fefust “fea hop' 1&st Right on Decamber 2009
Salar Impulse I schavad the longast nan-slop
sailo flight In hislory ard plan to make e first
salar-powersd serial croum nawvgation of the
ghabein 2015

The Frzt skori-hop (350 mi test fight af the
Spdar  |mpulse protohype was  made on 3
Decamber 7008 The profolype  and  @s
gwccessnr, Solar Impulas 2, ara pach poweied
by four sfactnc mators. Energy fram solas calls
an the wings and harizontal sissilizer & stored
in Mhum polymer baMedss and used bo divee
propallers, In 2010 i completed  the  first
manned 2d-hour flight completely powenad by
solar power.

in 2012 the Salar Irpulse  successiully
completad an indesconbnental fight, the fel-
ever by & ealar plane, fiying a 19-hour inp from
Mednd, Spain b3 Ratal  Morecco, The
following waar, e airersit sei 8 new woild
distance recard for solar awiaban on a fighl
frarn Phoenls, Argona be Dafas-Farl  \Woeth
irsemalional Aspordas pat of its muk-
segmant tip acraas ihe Unied States.

A second aircreft, completed In 204 anc
named Sciar kmpulse 2, cafries mara solar
cels and more powestul angines, amaong ather
impravements. In March 2015, the plane began
a crcumnavigabion of the Eamb, departing
fram Abu Chabe in the Uniled Arab Emirates. |
was originally scheduled 1o retum 1o Abu Dhabi
in August 2015, upan the completisn af 28
mulli-etage journgy Howsver, due ity bethary
damege, conbinuaton of the fight beyond
Hawai has besn poslponsd urtil Apnl 2095

Eleciravia BL1E Electra

FAE BT TR A

French BL1E Electra F-PMDJ: the  first
registersd slectric mircrafl in the warid. First
Flight in 2008

Eleatra Trike
drarn @ o T g
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Tha Boeing Fusl Cell Demorsirsior achisved
siraghtlevel fight on & manped  mission

paviered by 8 nydroganfuel call

A nydrogen-pawered alrcraftis anairplane it
imes aydrogeniuel asa power source. Hydng-
penzan eiher b bumed in some kind of |5
gngne, or ciher kind of mtamal combusticn
enging, or can be ussd to power a fiael oefl ba
generale eeciriciy to powar apropeler

inlike nomrmal aircrall, woich wee wings far
stonng. fual, hydregen akcrafl are usually
desigred with the quid hydrogen fuel carrisd
naide the fuselage, in order 1o minimeze
suface-area and reduce bol-aff.

According B nessarch 8t the Pennsybeanis
Stats Uriwargity in 3006, large  commencial
tydropen aircraft could be Built By 2020 bt
“will probably mob enler service wll closar 1o
sty

The Europsan  Union's ressarch  project in
conparation with Arbus and 3% other parirer
companiex dubbed CRYODPLAME assessed (he
technical feasiilly, safety, enviranmental
compatibitty and ecoromis visdility o Lsng
iqued hydragen as an avistion fual. This was
soncluded  In 2002 (with the final repar
pubkshad in 20030




Fropertias of hydrogen
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Energy densily of fuels - horizsntal per mass,
yartical prrualurms

Being an aflemahve %o iracitans @t foel
hydregan has & higher ensrgy  density per
unimass but a lower aenssgy density pes
unitvalume, amd conlaining the hydregen at
high pressune wowdd require @ heayy contairar
I aireraft haavy containers are Nt @n option
prd therefors regular casion fiore tanks  are
phten used, which can oniy sustain @ EEBsUre
of mbaul 350 bar This is signifcenty lowar
campared 1o stapl nydrogen containers (vsed
in cars and ships) whish can sustaln 500 14
708 bar, This imitabon degreases the armaun
of #nefgy et can e spert an the propuisicn
by aboul half Afermadivaly, s with some
rackats,  cryogenic igud mydrogen could  be
amployed

If hydragen were availabla ino gquantiy from
renewatle energy sources, s use in mrcral
would produce fawer greenhouse gases (waler
vapor and & small amound of nitragen) than
curresit girergft, Curmenlly. howsvar, very [ille
hydrogen s preduced deing renewakle enargy
spurces, ard there areseversl  Qerous
ohstacies 1o the =6 of hydrogen in aireraft and
siher vahicles. Due to the way it 8 produced,
and me relgtive inefficencies of is prochasiion
givan cusTent lschnology, hydmogen s a moch
mive sxpensive fusl than fossil fuals.

Liquid hydrogen is ane of the best coolanls
used in engineering, and it has been propased
b use [his property for cooling intake ar far
wary high speed aircmalt, &r avan for cogling the
vahicle's skin fsell parliculady for scramjet-
powered airarai

Lizgid hydrogen has atoul four times e
walume for the same amount of erergy
af kpromens based  jai-fusl  In addban, ds
highly welatile rature preciudes siorng the fual
in the wings, s with convertional transpart
greraft.  Thersfors, fmast  lguid  hydragen
gircraft designe store the Muel In tha fusalage,
lgading to a lager fselage ngth and
giameter ihan 8 corventional kerosene Tusled
sircralt. Thes lowers the pesfermance due fo the
gxire wetted area of the fuselage. Tha largar
fuselape size cadises more gkin ficlion dfag
and wave drag. On the oihar hard, hydragen i@
about ane-fnird af e wesghl of kercezne jel-
fusgl for the same amaurd of enargy. This
means thal for the same range and perdor
mance (ignorng the effect of velume). the
bpdrogen alroraft would have abaul ane-therd of
the fusl weight For & Boeing T47-400 iype
arorafs, this would reguce the Takeall Gross
Weight frem 800,000 (320000 kg to
aporoximelsly S00,000 b (270,000 kgl Thus,
the parfarmarce of a hyorogen-fusked aincraf
is @ frade-offl of the larger waltted area and
fower Tuel weght This irade-off Sepends
eszentally on the size af he &ircraft

Prototypes

The Russizn manulachar Tupoley bulks  prabo-
iyps hydrogen-powered versien of tha Tu-154
girlinar ramed the Tu-156, which made s fimst
fiightin 1585 This was Sha first experimental
arcraft in e word oparafing on liguid
hydrogen.

Boairg Research & Technoogy Eurpe (BR &
TE] mads & cwdan arcrsfl from a 2-
seal Digmand  Ascrafl  Inchesiries DAZD mrotoe
gliger. running. on & fusl cell (caled Theator
Arplane)”, Lange Aviatizn GmbH also made a
Ppdrogen:powersd  airplang with its Arlanas
DLR-HZ grplane These aircrafl are of counss
candipured in such fashion that tha cument low
erampy  ouspat  from hydragen - eropulsion
fa resull af the |ow-pressura hydrogen 15ks)
do mal posd @ problam For exemple he




Eosing Theator sirplane only required 45 K 1
taks off, and 20 KW bo shay airsorms. InoJduly
2010 Bosming alsa umvedsd e hpdagen
powerad  Phantorn  Eve L&Y, that  ossee
o Ford Molor Company infeenal combustion
srgnes sonvartadio operale on Rydiogen

EMFICAFE demonstraed fs Rasid 200-FC
arcralt i 2010

in 2011, an AsaViranment Global Cosenaer

which waa fitted wiln & hydrogen-Tugied

prap Ui syabar

Cusrrant

Feacton Edgires Skylen orbial  hydropan

fusledd @l plans

s Beactan Enpings &2 antipadal hypersomc
(&L airlirsar

« DR Srnarirsh

» - Soeng Phantom Eye

Radie-comrirolia aircraff

& radiy conlroé fiyer [holding a transmilber)
gudes his aircraft in for a landing

& radha-camtrolled (modaly srcrafl ioftan  called
A aircrafl of RC plane] i 8 smal fying
rachine Ihel i centralled semalely By an
aperator on the ground usng & hand-hea
radiz tranamitar, Tha (renemAler commen:
cales with @ receiver wilhin the craft thal sards
sigrials 10 ReTVOmBChAnISmIE (SErvOE) wirnzh
move  the condrgl serfaces basad. on the
postion of joysticks an the - transmitbor.  The
camisl sufaces, In tem, affect the onpentabion
of the plana

Fiyona. RS aicrafl g2 ahobby has bpen
growing wordwide with fha adver) aof mie
altsenl molors  (poth aleclric and . minigiine
internal sombustan o j&t ergines), fghter Gnd
maorp  powerful ballefies and 95E  EXPENENE
radhe syeteme. A wade vanety of madsls and
siyles is mvailaba

Scientfic, gewermrent and militany prganizations
are also ulilizing RE aircrafl for experimsenld
gathering weather madngs,  serodynema
modeing and testmg, and even usng them
&5 drores or spy planes.

The eatiast exampias of gectranicaly guided
modal aircrafl  were  hydisgen-filad  modal
airships of the fate 18¢h century. Thay ware
fiown @8 & music hall sct sround dheabar
auditariums using & bass form of spark-amitied
rada signal

Saflplanes gnd glidars

Shindan by Snmn Hober!

Clidesz are planes Thal do not typizally bave
any type of gropulsion. Linpowered: glider Nign!
must be sustained through expiotation of the
nawsal M pradused fram themmal  sorsndg
hlllil‘lg a4 =iope, Oynamic  sRanng & anoiber
posuler way of providng erergy 1o giders. thal
ig becoming more and  mMoE COMMEN
Howmver, syven conventliorsl  siope  s0anng
gliders are capable of achipeng speeds
somoarable with similar sized powered crall
Glidars ame typicaidy parial ko slow lying anc
nawn hig" aspesl rabd, &5 wall B8 very low '-'l'il'l;
madng {weight 1o wing area ralic) Hchanmel
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110, (hur Viston

Taday the burning tapis in the warld is Glotal
warmireg. Aircrafs e alo phaying & sgnificant
ralg i spoiling ibe  environmant  thoough
warows  reans, ke air  pallufen,  sgund
pallutien, land  poluBien,  exploraton  of
metenials, pic. As in pasl, we have wilnessed
that science = salishyng humnan's need in
oeery aspect of life. Simiarly this irdegral need
of man o conserve fhe endeanment shaukd
aso be satisfied by science. For this scence
has taken a siep forward by introducing Eco-
frimndly wrcrafis. B & now fum of man to Jain
helping hand of science and lake & stap
forward 1o sawe our molher earh by making
the pesiive use af (he aviation technalgy

Bengalur knternational Ainport, Devanahalli,
Bengaluru - A Greenfizld ainport project al
Davanahall  near  Bergalund  has  Baen
implemented on & Buid Cwn Dperate and
Transfer (BOOT) basis for 30 years with
Public-Privale-Participation (FPF) at a revised
cost of Rs 2668 crore. Govemmeni af
Kamataka and A4l Togathar hold 36% equity
and the stratagic joint werrtune partners nold tha
balance T4% Aals investmeant n the squily =
cappad at FBs 50 crore. A Consorium ed by
Sigmens, Gerpany  with  Unigie  Zunsh,
SGwitzerland and Larsan and Towba, Ingia
Lirited, as afhar members Fave Seen chosen
ag the strategc Joint Venlure Parners: The
alrport was commissianed on 24 May, 2006

Rajiv  Gandhi  Intermational Airport,
Shamshabad, Hyderabad - A Gresnfiekd
airpeet has been developed in Sharmshabsd
rear Hyderabad on Budld Cwn Ogperate and
Transter [(BOOT) bass with PPP by the
Gowernment  of  Andhea Pradesh.  The
approximale cost of the Project is Rs 2820

cime. AAl and Govomment of Andhra Pradesh
iogether hoid 269 equiy with AAIs equily
being capped at Re S0 milkon. The balanoe
T4 par cent 15 baing held by the sirelegic
partner, & consoium consisting of M GMR
Entarprises and Malayalan Airpert Hodings
Berhand [MOAHB). The girpor! Wik SOMmMiEs-
ioned on 23 March, 2008,

it = worh mentarng Shat Arports Courcdl
internalicnal  hes  adjudged R Ganohl
internaslional birparl Shamghabad  near
Hydarabad as the "Warld's Besl fagor {or tha
girport sonvioe quality emangst the aipons
nandling B-15 millich passengars. calegary o
fhe year 2008

The above examples cogled @ fha Dest
pptions on the way to achieve greener and
cleamer  @skerafl  along  with  eco-flendy
airpora Such effors are cortinuausly Aesded

Biofual sptions
r-H AT

Swilchiiass

Biofug! dewaiopment ard use |8 a8 compiay
Z5ue becausa fhere are many biofusd opfizns
which are avadable. Biofuels, such ssethanol
and bisdiesel, are cumontly pradused frem the
products of conuentional feod crops guch as
the sterch, sugar and oll feedstocks fram crops
that mciude wheat, malze, sugar  cane, pakn
oft and allseed rapa. Some ressarches fear
that & rrajor switch 1o baofusls from swsh crops
wioukd create @ direct cormpetition wath thair usa
for food and animal feed. and claim that in
same pars of the word fhe economic
coneequences  are  already  visibie,  othar
rageanchars ook at ihe land avallable gnd tha
anommous areas of die and abandoned |and
and claim that thers s mom far & large
proportion of biofusl alse Yiom corwentions!
LIoDS.
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Secand peneraton biofuels ase now! being
praduced from A much broader range of
leadsiocks incuding tha callulosa in dedicabed
grargy crops {gersnnial grasses sush &5
switchgrass  end Miscanthus glganteus),
foresty matenisls, the co-praducts from oo
production, and damasbc vegelable wasie
Advarces in the conversion processes wil
improve (he sustainabfity of bicfusls, Through
heter aficlencias and medussd amirgnmenta
inpact of producng kiofusts, from bosh existing
food creps much like any oiher podes IR
SC0E (ke Neobel priza-winming shema! Faol J
Crutzen pultlished findngs Ihel ihe resase
ol nftrcus  owde M0 amissions 0 e
producian of bisluss means thal ey contibuta
mare io ghabal wanmeng than fhe feasi fusls thay
MEpacs

According fe the Rocky Maountsan  instilite,
sound bicfuel prodection prachioes would not
rampes food and fikre produckan, nor causs
AEEr or amdironmental prablerns, snd waould
gnhance sall fertdity. The selection of land an
which 1o grow the fesdsiccks = o orilical
campirient of the abifty of bigluels to daliver
sustmnable solutions. A key consderation s
the minimisaban aof Blofuel compefition o
prime Erosland

Jatropha
Indlia and Africa

Crogs |&e Jairopha, used for badiesel. can
thrive on manginal agmcutural land where
many trees and crops won't grow, or waudid
produce  only slow  growin  yiekds Jatropha
cultivation  proviges  berefis for  Gocal
communiies:

a5 Gl TRDN O

.

[ s 1
Jairnphagoesipfeils in Hpdambed, inda.
Cambodia

Cambadia has na proven fossil fuel resenmes,
and = almost compimbely dependen?  on
imported diesed funl for eleciicily produciion

Conseguently Cambpodans face an Ingacure
supaly snd pay some af lhe highas! anengy
pricas in fhe word. The mpacts of fhis are
widasgread  and  may  Ringer  BCONDMAC
deialaprmant

Biofuals may pravidi & subetiuie for diesel fuel
that gan bBe manuiaciured locally for & lower
price, ndepansant of the inematanet ol price
The local producton and wse of biofus! asg
affers oiher benafie such 85 improved ensrgy
spourity, rural development opporiunites ard
enuironmantal bansfits. The Jatropha cuncas
species Bppears to be a parhcularly suitable
souca of biofuet as # already grows commondy
in Cambodia Lecsl sustainable produstion of
hiafuel in Cambodia, based an the Jatrephe ar
alher sowrces, offers goad polenfal banedits far
e Investars, the scomamy, rural communities
ang the envirorement

Mexico

Jatrophas & native 1o Mexos ard Cenlrat
Amarica and was likely ransportad to India
gl Africa in- the 15002 by Poriguese sailos
porvinced (i had medicnal uses, In 2008,
racegnizing the naed 1o diversify 28 sounces of
gnergy and reduce emissions, Mexico passad
g law fo push developing bicfusls thal dont
threaten food sacurily and the agreutoe
mninislry fas snce identfied asma 2.6 millon
hectares (84 milion acras) of lard with a high
patartial ko preduce jatropha producing regien,
alsa  comtang  abandoned sisal plantatans,
where the growing of Jatapra for biodiess
producticn would net displacs food

O Agll 1, 2071 Intenet compiled ihe fes
Mexican gviabon bigfuels test dight en an
Airbug A0, The fusl was & 030 addional
ot fual bioje! Hernd producad from Jatreoha ail
provded by thres WMamcen producers, Global
Ensrgias  Fengwables Ja wholly  owrned
suceidiany of LIS based Global Clean Enegy
Hoidings, Bencafser 5.4 and Erergy JH S04,
Heaeywells UGFE processad the ol inle Bic-
SPK (Synthatic. Parafiinic Kesosens) Gickal
Eneigias Rencvables oparsies Me  |argeast
Jatropha farm in the Amerces

Cm August 1, 2091 Asrpmexice. Besing. and
the Mexican Gowernmenl paricipatad m the
firet biggat powered (ranscontimantal fighl in
aviglion higlory. The faght from Mexico Cily 10
Madtd used & olerd of 70 percent tradiional
{2l and 20 persent bioluel (Evietan bisfust)
Tha biojet was preduced antiraly fran Jattoahs
il
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PangamiaPinnata in Australia and frdia

e i1, T e
Y

Pangamismenans seens nSashams, Ausimiia

F’DI'QEH’IIE‘EII’IF‘:BLH& =] |E'QLII"'IE' native o
Sustrafia.  Inda, Florda [USA) and mosl
trapical regans, and is now baing imvested n
#g an altErnatys b Jairopha for aress such as
Maorthern Awslreda, where Jatropna = clEssed
as 3 noious waed Commonly known 88 simy
‘Pongamm’, ks Fee i5 cumently bemg
comrmercialssd m o Australis by Pacific
Renswable Emergy, lor use ps & Dieas
repacemant far I'llf':l'||l'l~} N omodines Deeasl
engings ar fzr comwersmn to Bicdiess! using 5t
ar 2rnd Gereralion Bodiesel fechnigques, for
FLIPETI Mg i urirodfied Dasal EnEnes

Sweal sarghurn in Inola

Sweef sorghum owercomes many  of  tha
shoricomings o olbher biofus] crogs  With
EIEET=1 HD'ghLI-"I":. ni‘tl'l|!|' the slalks are uged o
bigfust productan, while the grain is sawad far
food or livestock feed 9 i5 nad i high demand
In the ﬂ_’:!ﬂbﬂ! food markel, ang thos has Ble
impecl on foos prces ard lood EEII:J.ITIHI' =1
sarghum = grow on already-farmad drylsnds
that are low in carbon siorages cagacly. so
cancermns abaut the clearing of rainforesd do not
apgly, Sweet eorghum Is easier and cheapes o
groew then other bisfual crops in India and does
net mequire  rmigation, an  mmparan!  consi-
desation in dry arsas Some of the Indan sweet
HEII'Q"IUI""I Warielies are mow L L in UQEI'SIJE
for athanol producion

A ahidy by researchers ol the nkemalional
Crops Research Inatiule for the Semi-And
Tropics (JCRISAT) found that growing swesd
sphum  insiead of gran Eorgoum soeid
incredsE  [ammers Circomes by LUSES0  per
Reclare par crap bacaise || cén provide food
faed 2nd sl

Roungisbie on Susiainable Biofueis

Publié afifudes and ihe achons of kéy glake-
nisdders can piEy & cnucal role in realising the
potenial of - suctsinabde bipfusls.  Infoerned

disciasan and dialepues, based both oo
golentfc resesrch a&nd an undersianding of
public and stasenoldar views. is impartand,

The Baursdiable o Susfanable Biolus= is an
international mibatve which brings togethar
farmars, Ccomparnies, govemments,  non-
govemmeanial organzabons, and  soienlisis
who are interasled n ke sustainabilly of
bictusle pradustion arg distnbotien.  During
2008, the FRoungisble usad  meetings,
telezonferences, and online discussions o
develap a senes of principles and crteda far
gustainabie hidluse pradiuclion

In 2008 the BRoundtable for Susienable
Hiofuals: relased fs praposed standards far
puatdinabéa  Boliel. This  incldes 12

princpies;

1, "Bighuel production shall fofow mbermational
treaties and nalional Mws regarding such
things 85 & quaity, Waler resounces,
agriculiural practices. labar conditons. and
mong

2. Bahiels pjects shall be desigred and
ogeraled N panicipatery processsas had
invalva all relevant stexenoldars in plannng
and maniarng,

3 Biofusls  shall  significantly  reduce
presrfouse gas emissiong as comparad 1o
foasil fusls. The pancipks seess 1o aatablish
2 slandard methodoiogy for companng
greerhause gases (GHG) benefits,

4. Biofuel prosuctizn shal not viclate human
rghia or labar rights, and shall ensure
gacant wark end tha wall-baing of warkers.

5, Biotuel production shall contreule 10 he
sezial and ecoromic developmant of locat
mral and  irdipenows  peaples and
comrmnibes.

& Biofusl prosuction shal nal impas Food
sBauty.

7. Biofugl production shall evoid negaive
mpacts on bisdiversity, coosysiems and
areas of high corgeraatan value

B Biofusl proguction shall promote prachbogs
that improve sail hestn and minmize
dagradstion

@ Surface and groondweter use wil be
aplimized and contarmination or depietan af
waksr regaunces minneed,



1. Alr poflution shal be minimized along the
supply shain

11. Bigtuels shall be pradused i 1ha miost cosl
gffactive way, with & commitment 1o
improve  production efficiency ard 2acal
and epvironmantal  pedorrance 0o all
stages af the biofisl valug cheen.

12, Binfuel production shall not wiokabe land
rights®

im April 2011, {he Roundtatie on Sustainable
Biofuek HEunchad a set of comprebensie
sustainabilty criteria - the “REB Cerification
Syatem,” Biofugls prodicers thal mest o these
critaria are able b ahow buayars and regulatons
that iheir sroducl has been obfained without
harrminig 1he ervirgnmiant or uialdting human

Figgtils.
Sustainable Biofuels Consensus

The Susiainable Biofuets Conssnsds 8 &0
intermationsl  initative  whickh  cals.  upon
govermmants, the prvate secior, and oiher
stakeholders b take decisive action o ansure
ihe suslairable rede, productan, and uze af
binfueks. in Ehis way bofuels may pay @ key
rabe in energy seclor fransfoomabon, climate
gtabilzation, and fesulting woddwide nevitali-
sation of rural arass,

P AR TR

The Sustainable Blofuels Consansus anwigions
a “andscaps thal provides food, fodder, ficer,
ang enengy, which offers opgortunities for rural
dievalopmerd; thil diversifias emargy supply,
restores eoosysbems, protectks Hodiersty, ard
sequestars carbon'.

Hetter Sugarcana Inftlative / Bonsucro

Im 2008, a mulli-stakahoidnr procéss wEd
irtiatad by e Werdd  WiElile  Fung and
the Intemational  Finande  Corporadion,  the

grivate gavalopmant arm 2 ke Wodd Bank,
EBrnging  jogether  dusty,  swpply  chain
mtermedaries, ang-uears, farmers . Bod Gl
soaiely organisations o develop standards for
cenitying the derivative producls of sugar cane
ma of which & elhanal fesl

The Bossucro standand  is  baged around &
dafimition of sustaimabilly whch & foungsd on
fs pnsipies

1 Cbeythe law

2. Respest humen sghts  oand  @bour
slandards

3 Manage npud, produclion snd processing
afficiencias 1o erfance sustaineniity

4 Acivelv  manage  biediversity  and
ERCEYEam sErces

5 Contnuously improwe key arsas of the
busness

Sustainability standards

Several countras and mgans have Aroduced
pobces or adopted s@andards o promote
sistanable biofusls production and usa, mos
prominenlly the Evrapean Unian and thelried
States. The 2009 EL Renewable Enengy
Dwaciivs, which requires 10 percant  of
transoodalion enangy fram ranswable eneroyby
2020, & lhe most comprehensees mandatory
sustainagility stangard in place as of 2010. The
Qirgctive raquires thal the ifecyele graanhause
gas emissiarg of Sofuet cansumed be at least
60 percenl lees than the equivalent emissions
fram gasoling. or diesel by 2017 (and 35
percent less staring in 2011), Alsa, the
feadsiocks for  bicfuels  "should not  be
harveslzd fiom Enos wih high bodiessy
value, from carban-rich or forested land, or
fram wetlands”,

As owilh ihe EU, fhe LLE  Renesdble Fost
Srandard {BES) and the Calileimia Low Cesban
Fugl Standard (LCFS) bBolh regquire spacific
igwnis of lifecycle greenhouse gas reduclions
compared 1o equwvalant  foasil  fusl
cansumpdon. The RFS requires hast a8l leasd
Ral of the bicfusl prodociion mandated By
2002 shoukd reduse Mecycle emissions by
50 percent. The LCFS & a pedonmancs
astandard thet cails for a mnimum all 10 percant
amigsions reducion per wnil of renspor
gnengy by 2020 Balh the U5 and Califarria
standargs currenty  ahdress only gresnhouss
Gas emisshans, out Califorria plang L6 "sepand
18 poicy o Eodress ather sUstainability Ssues
associated weily liguid bicfuals m the fuduine’
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in 2006, Brard alss adopled naw sustainabiliy
palicies  for simarcena  athanal,  inchding
"“zoning regulaticn of suparcane expansion and
gocial pralacals”

Sustainable ransporf

Bigfuals have a Bmeed abildy 1o replaca fossil
fuals @nd sheald not be reparded a5 a 'sdwer
bufiel ta deal with lransport emissions.
Biofusizan their own cannol  delver a8
sustainable transgort system and 8o must be
daveloped 8o gart of an inlegrated approach,
whach  pramiotes — other renawabie  enengy
setions  and energy  efficlency, as well as
reducing the sverall energy demand and need
for transpor. Consideration nesds o be given
b the development of hybrid and fuel csl
wahigles, pubdc trarsparl and bether town and
rured planning

In Decamber 2008 anAr New Zeatand jet
comphated tie world's first commercial eviatan
tas1 flight partialy using falopha-based fuel
Mare Then g dogen pefommance bests wers
unsartaken in the fwodhour test flight ‘which
dapartad from Auckland Intemalional Alrpoeet, A
piofuel blend of 5050 jaropha and Jat &1 fued
was used fo power one ol the Boeng 747-
400's Rolls-Royce RE2Z11 engings. A Mew
Fagiand sel several crtaria Tor ile [strogha
requiring Bhat ha fand @ came from was
nefther  forast nar wirgin gressland n the
previcus 20 years, that the soil and cimate 1L
came from s nol sutabke for the majonty of
food crops and thet the farms are ram fed and
not mechanically srigated”. Tha company has
ghas el geraral sustainability crilena. saying
1hat such biofusls must not campete with food
resources. hat they must be 88 gooo &
tradiienal et fusls, and that they should be
Gasd pampeiitive

Can alrlimes go green?

The downsige to the mosi emvironmentaly
frigndly ways of geting around is that thay lErd
o be on the slow sde Waking, bleg and

rigng traing are gresl for ihe planet b
gomelimes you need be get eround the wedld
quickly and thal often invalves  crossing
ocaans The #dire ingustry i@ ors of the
fargesi conbibuions to global carban amissans,
But ¥z possibia tp fly and do minimai camage
1o the erviranmerl.

First of 2l figwro o whether ifs really
necessary to fly M s for @ business inp
maybe you can make do with a phone call
arviden confarence. | it's for pleasure. censider
the slemeant of decovery that & traln ride can
add 13 & joumey- you'll See a lot mona than you
oo Tror &n @rplane, But i you anly have one
wesk of wacalan and your head 15 S84 on
Eurape. go with an girline 1hate &s concemad
abaul the emvimonmant as you ane.

Sustaimable aviation fuel (54F] is the namsa
given ta advanced avistion bioluel bypas used
in jed aircraft and certdied as teing sustainatie
by & reputable independent third-party. such as
ihe Roundtable on Buslainable Bemalarias
(ASE). This certfication 5 n addifion 1o the
safoty and performance certifcation, issusd by
glebal standards body ASTM.that &% mt fuesl &
regudired to masl in order to be approded far
usR in regular passenger flights.

In fhe corrent mews

China & pomsed o open s fimsl express
highway bult witn  construclion  wasta,
showeasing & new way o make uss of the
maleral which otherwise snds Up a5 parbage

With a desigied spead of 120 kmph, the 152-
for expregewey links  Lintang  district with
Huwan country urder e provincial capdal of
¥ran The sxpressway (s the firsl in Ching ta
= constrictian wagte as bulding maberial for
the roadbed, oficals aof the Shaans
{rapspariation depadment said

A tofal of 57 milkon lonne al Gansbnickon
washe was uses 1o build the expresaway, with
an average of 46700 tenne used in each
kiameire,

The use of recycled waste has helped the
praject awsid usirg 3.4 mifion cubkc meters of
gard and buming 32,000 foones of coal A
0mu area of landiill was cleared and over
700 mu of land has beesn saved from
excavation The land saved has created abaul
300 millicn yuan (34707 mifian} in esonamic
penafis,

oo
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Thenk God men camal 8 yel fly ang lay
waste the sky as wel as the eanh!

— Mpnry David TIoresl

Abowe [ne shows the negative side of the
aviation fielkh. Today the bursing bepic 0 fha
world |5 Global warming. Aicrafis ae also
playing a signifesnt role in spoiling  tRe
ervitanmant through vancus means e ar
pallution, sound  pedution, land  polition,
axplofalion of maternals &, A tha pasl is
winess fhat Sclenca s salisfying humans
need i every aspect of §fe, similady thes
integral need of man bz consare  the
evronment  should also  be satisfied by
srence; For this sclence has takan a sbep
farward By intraduging Eco-friandly aircrafla, 's
the turm af mans fo sccept the kelping and of
acience and feke a sbep forward bo saveour
matherearh by making the positiva use af the
aviation techralogy. =

There fs 3 famous quole —

I pied work that kills man, @ 18 sy

Wrery 15 rust ogon the blede. Mary pesple
spend a lgd of tma focused on ard worned
aboul things that mighl hapgen o - could
happan

All we need & i come Up with an altemative
aparoach, On the other hand, thers are pacpie
who consciously avod broading over

Greener alroratts wens gream prijecd faw yeans
bafera but wih the conlinusus efforle of our
gomantist 7 has now came iflo 8xigienca

If we do fol dream pig, we cannol achiave
guccess. Dur works will always allow Us to
dream of a pasitive cutéome and i wil resul in
great enthisgiasm which is recessary b cary
an efferts e guscaed [§ will keep us fram irying
new things ihat carry some elemant of risk, if
wa do not fake same rigk, wa wil caramnly miss
oppartuniies 1o achieye aur goal,

We have seen with the dissovery of bofuels as
an albernative saunce of fusd in taday's enging
thers were many 5 5nd rat's. Bul Eig will rat
be & hurdle an the vey o achieve aur wsion of
Graen Arcrafts,

Evergthing 8 possible F wa are ready far
charge of approach. The great poel and
plﬂ:]supﬂ'lq:-r Goelhe a3y "Lie 'DIE‘IDTI'Q-E o the
livings and he waa lives muest be prapaned far
changas' We shauld nevar regrel far our past
mislakes because 4 wil fll our mind aidh fha
senge of guilt which is raad block and pravent
avary plan for going dhead. We ghoud s
rosponsility 1o save our mosher garth from the
evis al varous pollutants which are hazardoue
far our nasura. (N the words of Moble (Soreste
Wirston Churchill - “Respensiiity 18 the prise
of greatness”. Taks on gvery naw reszansibiily
with e=if confidence and emerge vicharious.

So s fly high in the grean aicraf. .
([
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