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The av�at�on �ndustry �s st�ll grow�ng even �n the m�dst of the relat�ve global recess�on due to the �mpact of an
�ncreased demand to fly. Accord�ng to the Internat�onal A�r Transport Assoc�at�on (IATA) �t �s has been stated
that 8.2 B�ll�on people are expected to fly �n 2037 (ICAO, 2016) whereas almost 4.5 B�ll�on travelled by plane
�n 2019 (Stat�sta, 2019). It means the number of passengers board�ng w�ll almost double through the next two
decades. Wh�le we are talk�ng about passenger demand �t should be emphas�zed that the ma�n dr�ver of the
expand�ng av�at�on �ndustry �s due to an �ncrease �n a�r fre�ght. Wh�le the av�at�on �ndustry expands what are
the �mpacts of the av�at�on �ndustry on the env�ronment? It �s clear that a�rcraft create an des�rable �mpact on
the env�ronment. Consumers can change the�r hab�ts and techn�cal teams can des�gn cleaner and more eff�c�ent
technolog�es. All these factors are be�ng real�zed at present. S�nce the 1970’s, the early days of
env�ronmental�sm, many aspects have gotten better �n the name of the av�at�on �ndustry, but unfortunately a lot
of env�ronmental �mpacts have also become worse as well. The ma�n pollutants em�tted by a�rcraft eng�nes �n
operat�ons are Carbon D�ox�de (CO2), N�trogen Ox�des (NOX), Sulphur Ox�des (SOX), Unburnt
Hydrocarbons (HC), Carbon Monox�de (CO), Part�culate Matter (PM) and soot. In accordance w�th the 2019
European Av�at�on Env�ronmental Report, two ma�n �mpact dr�vers were CO2 em�ss�ons wh�ch were recorded
to be163 m�ll�on tons �n 2017 and �t �s est�mated that �t w�ll reach 224 m�ll�on tons �n 2040 wh�le
hydrocarbons (HC) were recorded to be 57 thousand tons �n 2017 and �t �s est�mated that �t w�ll reach 58
thousand tons �n 2040. The av�at�on �ndustry �s ma�nly respons�ble for approx�mately 2-3% of worldw�de
Carbon D�ox�de (CO2) em�ss�ons and based on the most current growth forecasts, th�s f�gure �s expected to
double by 2050 (Penner E,2000). Meanwh�le, the mar�t�me �mpact �s worse than av�at�on �ndustry. The
env�ronmental �mpacts of an a�rcraft operat�on are categor�zed �n seven groups as dep�cted �n F�gure 1 W�th a
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closer at a one-hour-fl�ght w�th narrow-body a�rcraft w�th the full crew and 150 passengers on board, �t can be
observed that the amount of em�ss�ons are huge comparat�vely to a�r breathed. The Federal Off�ce of C�v�l
Av�at�on (FOCA) dep�cted the f�gure of a one-hour-fl�ght w�th the perspect�ve of �nhaled a�r and exhaled
em�ss�ons wh�ch are demonstrated �n F�gure 2. There are numerous stud�es and research work focused on
reduc�ng av�at�on em�ss�ons. There’s a ch�cken-egg relat�on between the stud�es and the robustness of av�at�on
compan�es. The more powerful av�at�on compan�es are, the more powerful the�r research stud�es become.
More fuel-eff�c�ent and less pollut�ng turboprop and turbofan eng�nes have been des�gned, developed and
manufactured w�th the r�se of novel technolog�es such as add�t�ve manufactur�ng techn�ques. Hybr�d and
electr�cally powered a�rcraft are be�ng developed and prototypes are show�ng up �n the theater. But �t must be
kept �n m�nd that, none of th�s research would be poss�ble �f the av�at�on �ndustry was �n a permanent
recess�on. Qu�te obv�ously �t requ�res �nvestments to carry out em�ss�on reduc�ng research. The funds for
research and development are channeled from the prof�ts of robust compan�es. As ment�oned pr�or, d�rect
em�ss�on from av�at�on �s about 2-3% of overall global em�ss�ons. But, w�th th�s po�nt �t should be emphas�zed
that mar�t�me transportat�on has a more severe env�ronmental �mpact than the av�at�on �ndustry �n accordance
w�th the data prov�ded by the Internat�onal Mar�t�me Organ�zat�on (IMO) (IMO, 2019). Accord�ng to the
IMO’s webs�te �nformat�on, sh�pp�ng act�v�t�es account for approx�mately 3.1% of annual global em�ss�ons
wh�ch �s greater than that of the av�at�on �ndustry. In the av�at�on �ndustry, the use of novel technolog�es �s not
d�rectly related w�th env�ronmental �ssues, more so �t �s a natural result of engag�ng �n f�erce compet�t�on. For
example, a Boe�ng 747-400 wh�ch has a Max�mum-Take-Off-We�ght (MTOW) of 396,890 kg, reduc�ng 1 kg
�n the MTOW results �n 0.94 kg less CO2 em�ss�ons and for an A�rbus A330-300 wh�ch has an MTOW of
242,000 kg, a reduct�on by 1 kg �n the MTOW results �n a reduct�on �n CO2 em�ss�ons by 0.475 kg. Also, a
reduct�on of 1 kg �n carbon em�ss�ons can also save up to 0.3 kg �n av�at�on fuel (Tsa�, 2014) The usage of
compos�te mater�als such as Carbon F�ber Re�nforced Polymers (CFRP) has great benef�ts on reduc�ng CO2
em�ss�ons. Compos�te mater�als feature a var�ety of benef�ts wh�ch �nclude a h�gh strength to we�ght rat�o, an
�mproved res�stance to corros�on, advanced fat�gue res�stance and the low cost of ma�ntenance (Just�n Hale,
2006). The dens�ty of steel �s about 7.7–8.0 gr/cm3 and alum�num’s dens�ty �s 2.7 gr/cm3 whereas typ�cal
CFRP mater�al dens�ty �s about 1.6 g/cm3 (Gorbat�kh, L. Wardle, & V. Lomov, 2016). Even w�th just th�s
compar�son the popular�ty of CFRP usage can be understood. Prev�ously, steel was converted to alum�num
alloys and now compos�te mater�als are tak�ng the place of alum�num mater�als. In F�gure 3 the compos�te
usage �n the Boe�ng 787 Dreaml�ner �s shown. It can be eas�ly observed that compos�te mater�al usage �s over
50%. The other major a�rcraft manufacturer company A�rbus plays a s�gn�f�cant role �n the �ndustry and has a
s�m�lar strategy regard�ng the use of a�rcraft mater�als. In F�gure 4 the percentage of compos�te mater�al used
�n the A�rbus A350 XWB a�rcraft �s dep�cted. After layer�ng up the carbon and res�n layers, and autoclave
operat�ons the most �mportant stage of the whole manufactur�ng phase �s to cut the mater�als w�th g�ven End-
of-Part (EOP) borderl�ne (Hash�sh M. 2013). The Abras�ve Water Jet (AWJ) �s another novel technology used
�n the av�at�on �ndustry for cutt�ng the part w�th g�ven EOP. In F�gure 5 an AWJ mach�ne �n use �s shown. Th�s
compl�cated cutt�ng process g�ves advantages of cutt�ng mater�als w�th h�gh surface qual�ty. W�th the benef�t
of advantages and capab�l�ty of h�gh qual�ty surface AWJs have found a w�de usage area �n the av�at�on
�ndustry. Mach�n�ng large parts l�ke w�ngs, ta�ls and the sk�n of a�rcraft �s an enlarg�ng trend requ�s�t�on �n the
av�at�on �ndustry. The cutt�ng of large compos�te mater�als as well as metall�c ones makes the use of AWJs a
popular techn�que. For example, Boe�ng makes a 5-ax�s AWJ mach�ne a standard mach�ne because dur�ng
cutt�ng operat�on, the AWJ prevents delam�nat�on, spl�tt�ng and edge scratches (Shengx�ong X, 2017). All
technolog�es have the�r own pros and cons, as do CFRPs. Many eng�neer�ng solut�on challenges are faced
espec�ally dur�ng the d�sposal and ret�rement phase �n the name of l�fe cycle management. Sooner or later,
more novel technolog�es w�ll be �mplemented �n the av�at�on �ndustry as �t was �n the past and �t �s at present.
W�th the �ncrease �n new technolog�es we�ght reduct�on stud�es w�ll also �ncrease by two major forces. The
f�rst force �s d�rectly a result of f�erce compet�t�on �n the av�at�on �ndustry and the second one �s the pressure
of address�ng env�ronmental �mpacts. For sure, �n the near and far future, CFRP and CFRP-l�ke mater�als w�ll
be seen more w�dely �n fac�l�t�es of a�rcraft manufacturer compan�es


