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Abstract

There has been a continuously growing trend in international commercial air traffic, with the exception of COVID-19 crises;
however, after the recovery, the trend is expected to even sharpen. The consequences of released emissions and by-products
in the environment range from human health hazards, low air quality and global warming. This study is aimed to investigate
the role of aviation emissions in global warming. For this purpose, data on different variables including global air traffic and
growth rate, air traffic in different continents, total global CO, emissions of different airlines, direct and indirect emissions,
air traffic in various UK airports and fuel-efficient aircraft was collected from various sources like EU member states, Statista,
Eurostat, IATA, CAA and EUROCONTROL. The results indicated that in 2019, commercial airlines carried over 4.5 x 10°
passengers on scheduled flights. However, due to the COVID-19 pandemic in 2020, the global number of passengers was
reduced to 1.8 x 10°, representing around a 60% reduction in air traffic. Germany was the largest contributor to greenhouse
gas (GHG) from the EU, releasing 927 kt of emissions in 3 years. In the UK, Heathrow airport had the highest number of
passengers in 2019 with over 80 million, and the study of monthly aircraft movement revealed that Heathrow Airport also
had the highest number of EU and International flights, while Edinburgh had the domestic flights in 2018. These research
findings could be beneficial for airlines, policymakers and governments targeting the reduction of aircraft emissions.

Keywords Environmental pollution - Aviation emissions - Aviation fuels - Air traffic flow - Greenhouse gas (GHG)
emissions - Sustainable alternative fuels and COVID-19

Introduction

This article is part of Topical Collection on Air Pollution

In the last years, every industrial section has shown interest
in estimating the negative influence it has on the environ-
ment; particularly, the transport industry is the substantial
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polluter. Air transport occupies a special place due to move-
ment regimes in the high altitude [1]. Civil aviation is pri-
marily derived by globalisation and developing countries,
and despite economic crises, the world’s air traffic is rapidly
expanding with an average of + 5%/y [2], establishing
air transportation as one of the most rapidly growing trans-
port sectors [3]. It is estimated that the daily average oil
consumption by global aviation comprises over 5 M bar-
rels (~7.95x 108 L). The resulting toxic aircrafts’ emissions
are a matter of serious concern as they are associated with
exposing humans to pollutants that consequently affect their
health [4]. Moreover, noise exposure from aircrafts is also
linked to an increased risk of health issues such as hyper-
tension [5].
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Since the year 1900, the earth’s temperature has
increased by 1 °C, while recently, the Arctic has faced
enhanced warming of around twice the average rate of
global warming. The primary reason for this is the increas-
ing temperature and accumulation of various greenhouse
gases (GHGs) [6]. The increase in fossil fuels consump-
tion around the world in the past few decades has enhanced
greenhouse gas (GHG) emissions that are leading to climate
change [7]. The mitigation of climatic change and decrease
in GHG emissions are now among the world’s most impor-
tant challenges [8]. In the past few years, many studies have
used the database of engine exhaust, landing and take-off
(LTO) cycle from international civil aviation organisation
(ICAO) to evaluate aviation emissions around airports and
from aeroplanes [9]. The majority of the gas phase exhaust
material from a typical aircraft engine comprises of CO,,
N,, O, and H,O. However, various residual products are
collectively released in the atmosphere, which includes CO,
NO,, SO, and a huge variety of hydrocarbons. Different
aerosol particles are having organic and inorganic compo-
nents [10].

An aircraft engine can emit about 3.16 kg of CO, and
around 1.23 kg of H,O for 1 kg of fuel burned [11]. These
emissions can further potentially interact with one another,
resulting in a higher load on the circumambient atmosphere
and on its naturally occurring constituents like carbon diox-
ide (CO,), methane and ozone that can be the indirect impact
of warming [12]. Moreover, air pollution caused by aviation
resulted in various trace elements such as Pb, Cu, Cd, Cr
and Ni is among the most abundant from aircraft emissions
[13]. Carbon dioxide (CO,) is known as the most abundant
carbon-based effluent coming from engines of aircraft and
accounts for 72% of total combustion products [14]. Due to
the long residing time of CO, in the atmosphere, it plays a
major role in climate change from the impact of the aviation
sector [15]. The contribution of aviation to the emerging
global warming can be estimated alone from CO, emissions,
for which the related evidence is present, but the relevant
GWP factors (global warming potential) for emissions are
deficient [16].

According to a study, the civil aviation industry in
China would be responsible for about 0.13 Gt CO, emis-
sions in the year 2020, and between 2020 and 2050, these
emissions can increase by 1.6 to 3.9 factor [17]. Nitro-
gen oxides (NO,) are also included in the GHG, which
are released by aircrafts [18]. NO, has been a matter of
concern around many major airports, as high-level con-
centrations have been found. The UK mean air quality
objective of (40 mg/m?) has been breached by high (NO,)
concentrations at Gatwick and Heathrow, London airports
[19]. A study conducted on Chania airport Greece esti-
mated the level of NO,, and the results at 1 h average
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concentrations indicated that there were twenty exceed-
ances in the concentration of NO, above 200 pg/m?,
and two were surpassing the regulated threshold value
by the European Union Directive [20]. Sulphur dioxide
(SO,) in high concentrations has multiple environmental
and health effects, and it is also found in aircraft fuel
combustion.

A study applied a multipurpose air quality modelling
approach to assess air quality at various UK airports
and suggested that the strategy of desulphurisation of
jet fuel has the potential to greatly reduce human health
problems which are associated with aviation. It was
also mentioned that some early deaths could be related
to UK airport emissions, including SO, [21]. Aviation
emissions are known to cause 5% of the world’s human-
induced radiative forcing, and around 16,000 premature
mortalities every year are linked to poor air quality [3].
Particulate matter (PM) released from aircrafts has been
associated with various health-related issues, such as
cardiovascular, respiratory and lung cancer. Many stud-
ies have mentioned that PM, along with other pollutants
from aircrafts, has caused problems to global air quality
and harmful health impacts to local communities near
airports [22]. A study based on the characterisation of
PM emissions of an aircraft engine stated that the sizes
of emitted particles ranged from 17 to 55 nm and showed
a complex morphology. It was also stated that the sam-
pled PM comprised carbon with some traces of calcium,
oxygen and sulphur [23].

Currently, extensive research has been conducted close
to various airports for a better understanding of ultrafine
particles (UFPs) that are produced from aircrafts [24].
Previous assessments of global aviation climate have
made different assumptions regarding aviation emis-
sions and aviation operations. The understanding of the
effects of aviation on climate has been improved in the
past decade but is still incomplete [25], as the challenges
linked to the reduction in GHG emissions from the avia-
tion industry are very diverse [26]. In recent years, not
enough significant research work has been carried out
regarding the contribution of aircraft emissions from the
EU and the UK in the increasing global warming trend.
For this reason, this study aimed to investigate the role
of airlines and airport emissions from the EU and the UK
in the current global warming trend, global air traffic,
greenhouse gas emissions from the EU and aircraft emis-
sions from different airports in the UK. At the same time,
the aircrafts producing the least amount of emissions
are also discussed and this study gives a comprehensive
view from multiple perspectives regarding the recent
situation of aircraft emissions and their contribution to
global warming.
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Material and Methods

In order to assess the role of aviation emissions from
the EU and UK in global warming, many variables were
studied, including the global air traffic, annual growth
rate, air traffic in different continents, greenhouse gas
emissions total, total global CO, emissions of different
airlines and direct and indirect emissions, and air traf-
fic in various UK airports was analysed in detail. For
this purpose, data were collected from various resources.
The global airline passenger traffic [27], estimated annual
growth rate [28] and emissions data [28] were collected
from Statista, which is a statistics database that holds data
on aviation and IATA (The International Air Transport
Association). Information on aviation emissions from
EU member states, including greenhouse gas emission
statistics [29] and greenhouse gas emissions by source
sector [30], was collected from the statistical office of
EC (Eurostat).

The record of aviation emissions from the United
Kingdom (UK) was analysed with collected quantitative
data. For that purpose, the data was sourced from the
Civil Aviation Authority (CAA) [31], Eurostat, Atmos-
fair [32], UK airlines, airports and European Environ-
ment Agency (EEA) to study the monthly aircraft move-
ments at Heathrow, Belfast, Cardiff and Edinburgh
regarding domestic, EU international and international
flights [33]. Information regarding statistics of aircrafts
with respect to fuel efficiency was collected from the
European Organization for the Safety of Air Navigation
(EUROCONTROL) and various articles published online
[34], and lastly, the mitigating approaches for aviation

Fig. 1 The global annual 10

environmental impacts were studied from different arti-
cles and reviews published online.

Results and Discussion

Global Air Traffic and Annual Growth

Civil aviation contributes a lot to trade and tourism-related
activities in our rapidly globalising world. It has been
observed in the last few decades that there is a close link
between growth rates of air traffic and the increasing gross
domestic product (GDP) of the world [35]. The statistics
given in Fig. 1 shows the global annual growth of passenger
air traffic between 2006 and 2019. Late 2007 to 2008 shows
the recession drop, where passenger demand decreased by
1.2%. In 2010, passenger demand was 8% and then decreased
t0 6.3% in 2011 and 5.3% in 2012. This decrease was mainly
due to economic issues as seen by the EU (European Union)
domestic market. The EU domestic market faced regional
and national economic decline, with major European airlines
reporting large losses, ceasing operations and low passenger
bookings [36]. Another percentage of decrease was seen in
2018, as emerging markets faced growing financial market
pressures, international trade activity softened, and trade
tensions were on the rise [37].

The total number of passengers that boarded airline
planes from 2004 to 2019 is shown in Fig. 2. Starting from
1.9 10° passengers in the year 2004 to 2.1 x 10° in the year
2005, there was a 7.07% passenger increase. This quick
increase is possibly due to an increasing amount of people
who can afford flights due to increasing incomes. From 2004
to December 2007, which was the beginning of the great
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Fig.2 An overview of the total
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recession, there was an increase of 22.9%. However, the
great recession brought a slight increase of 1.5% from 2007
to 2008 and then a decrease of —0.4%. An increase of 8.7%
between the years 2009 and 2010 and then increases as the
recession started to slow down, leading to a general incline
in economic activity. In 2019, commercial airlines carried
over 4.5 billion (10”) passengers on scheduled flights. Due
to the COVID-19 pandemic in 2020, it was seen that the
number of passengers boarded by the airline industry around
the world was reduced to 1.8 x 10°, which represents around
a 60% reduction in global air traffic. Movement around the
world has been badly affected by the pandemic outbreak.
The use of air transportation for travelling purposes has been
limited by authorities [38]. The reduction of air traffic is
certainly very effective in controlling short-term passenger
mobility globally. However, at the same time, it can have
high socio-economic impacts [39].

Air Traffic on Different Continents

The annual passenger air traffic growth rate and cargo air
traffic from 2018 to 2037 by continent is given in Fig. 3.
By the year 2037, it is estimated that Africa will see a
high rate of 6%, followed by Latin America and the Asia
Pacific. In the past few years, Africa has achieved a sig-
nificant level of market growth, and its civil aviation sector
has a high growth potential that can benefit this continent
greatly. There has been observed an increase in air traffic
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and aircraft movements, and also in the competition between
service quality in those regions in which YD (Yamoussoukro
Decision) is implemented [40]. The civil aviation industry in
China has undergone huge expansion since the 1980s, and
this drastic increase in the aviation sector is expected to be
continued [41]. A recent study in Turkey mentioned that in
the last 3 years, there had been an increase of around 14.48%
in the number of commercial flights, and a 21.14% increase
has been observed in the total number of people who travel
by air [42].

Greenhouse Gas Emissions from Aircrafts in the EU

Transport directly affects the quality of daily life of EU
citizens in different ways. The total energy consumption
from the EU transport sector in 2015 was estimated to be
358.6 Mtoe, which accounts for 33% of the entire EU pri-
mary energy consumption, i.e. 1,084 Mtoe [43]. While road
transport is the largest segment (82.0%) with a consumption
of 293.9 Mtoe, followed by international aviation (12.8%)
45.7 Mtoe, it was estimated that in the European Union,
around 973 million passengers would be travelling by air
in 2016 with the increment of around 5.9% in comparison
of the year 2015 [44]. The greenhouse gas emissions for
EU states by their main industries are represented in Fig. 4.
In 1990, fugitive emissions and fuel combustion (without
transportation) accounted for 62% of EU-28 emissions. In
2016, the figure was 54%, a reduction of 12.9%, which could
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be due to the use of more fuel-efficient alternatives. On the
other hand, transportation (including aviation) accounted for
15% in 1990 and 24% in 2016, a great percentage increase
of 60%, making it the second most important source sector.

Transport and agriculture both increased in GHG (green-
house gas emissions), compared to fuel combustion, indus-
trial and waste management industries that saw a decrease

Aviation Growth Rate (%)

between 11 and 25%. Direct emissions from aircrafts and
airports account for 2% of global emissions and 3% of the
EU total GHG (greenhouse gas) emissions [45]. Greenhouse
gas emissions of some of the EU countries were further
investigated between the years 2013 and 2016, as shown
in Fig. 5. The data represented focused on some of the big-
gest greenhouse gas emitters, including Germany, the front
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Fig.5 The greenhouse gas 1.2x10°
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runner, UK, France, Spain, Poland and Turkey, the latest
EU addition. Germany leads on GHG emissions for every
year between the years 2013 and 2016, releasing well over
927 Mte greenhouse gas (GHG) emissions, as can be seen
in Fig. 5. Germany’s great impact of GHG emissions due to
its industrial activities, known for its automotive and manu-
facturing operations, recorded 967 kt of GHG emissions,
which represented a 27% share total in 2013 that was the
highest in all the years.

A study concluded that from 16.9 Mt (1995) to 27.3 Mt
(2016), aviation emissions in Germany had been increased
by almost 60% between 1995 and 2016. However, the study
also indicated that in the same time period, the level of spe-
cific emissions per kilometre had been declined by around
30% [46]. From 2013 to 2016, there was a 3% decrease in
GHG emissions in Germany. Overall, reductions from 2013
to 2016 were also seen by Greece, France, Sweden and
the UK. This could be the result of increased internal and
external pressures to provide cleaner environments. From
the year 2013 to 2014, there was a reduction of GHG emis-
sions across all countries except Spain, which experienced
an increase of 0.8% from 335 thousand tonne emissions to
338 Mt. During 2014 to 2015, an increase in emissions was
seen by Northern Ireland, Spain, France, Poland and Tur-
key. The biggest reduction from 2013 to 2016 was seen by
the UK with 13%, followed by Greece 9.6%, France 5.2%,
Germany 3% and Sweden 2%.

It can also be seen in Fig. 5 that UK comes in second
place with the highest GHG emissions, followed by France,
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Turkey, Poland, Spain, Greece, Sweden and Northern Ire-
land. The highest number of commercial aircrafts in 2015
was owned by the largest four states of EU and Ireland. A
study estimated that the UK had the largest air fleet compris-
ing 1262 aircrafts (19% in EU total), followed by Germany
having 1119 aircrafts (17% share) and France with 565 air-
crafts (9% share), while Spain had 485 aircrafts (7% share)
and Ireland owned 458 (7% share) [47]. It is expected that
with the increasing speed of trains, high-speed rail (HSR)
can significantly compete with air travel for transportation
in Europe. High-speed train lines can potentially substitute
medium-haul and short-haul intra-EU flights. HSR services
are already available among many EU airports such as
Madrid Barajas, Frankfurt Main and Amsterdam Schiphol
[48].

Aircraft Emissions from UK

In this section, airport passenger traffic, greenhouse gas
emissions total, direct and indirect emissions were analysed.
Data were extracted from various UK airports.

Monthly Fluctuation of Air Traffic at Four Major Airports

To take a closer look into the monthly fluctuations of flights
in the UK and how they contribute to increasing aircraft
emissions, four major UK airports which operate domestic,
EU and international flights were investigated. This study
gives a closer look at the monthly fluctuations of flights
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through the year 2018. Edinburgh, Cardiff, Belfast and
Heathrow airports were chosen. This data also provides an
estimation into the specific months which cause the most
emissions. This investigation provides a clearer view of
why these airports, such as Heathrow, produce high GHG.
Edinburgh recorded its highest number of domestic flights
(5,616) in October and lowest in February (4,537). From
the statistics collected, it is clear to see that Edinburgh is an
airport that focuses more on domestic flights and EU flights
than international flights.

Domestic flights were the highest in 10 months out of
twelve. January, February and December recorded flights
under 5,000 in the category and March to November Flights
were over 5,000. Edinburgh seems to experience the high-
est number of flights between April and October when the
weather is mild to warm. In Fig. 6a, domestic flights are
low during winter and fluctuate during other months. At
the start of the year, EU flights are low and start to increase
during summer months, until September, where flights start
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to decrease, forming an arc shape. This can also be said for
international flights, which rise in summer and then decrease
in the winter months. Summer months produce the most air-
craft emissions due to the high demand for flights. Domestic
flights accounted for 50% of the total number of flights, EU
43% and international 7%. According to Edinburgh Tourism,
Edinburgh is the 2nd highest city in the UK for international
visitors after London. Seventy-seven per cent of tourists are
attracted to the historic city and its castles. Thirty-eight per
cent of visitors are from outside the UK, and 7% are from the
USA, 5% from Germany and 3% from France [49].

Cardiff airport tends to focus on EU international flights.
May to October sees an increase in EU international flights
and then a decrease into winter. Domestic flights stay con-
stant and remain under 450 flights from January to Decem-
ber. International flights are the lowest in demand, especially
in winter months, with April seeing only 8 flights before
the sharp increase to 90 flights in May, a 125% increase in
Fig. 6b. July and August recorded the highest number of
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flights for all types of flights. Domestic flights accounted
for 31% of flights, EU 64% and international 5%. Domestic
flights at Belfast totalled 30,855 flights. Unlike Edinburgh
and Cardiff, Belfast recorded its highest domestic flights in
November and December. The highest number of EU flights
was found in July with 1851 flights, higher than Cardiff’s
result of 1,192 but much lower than Edinburgh’s with 5,610.
International results remained constant under 105 flights
throughout the year in Fig. 6¢, suggesting fewer people in
Belfast fly to international countries but more to regions and
towns closer to home.

However, a high majority of passengers fly to EU coun-
tries between April and October. The total number of
domestic flights is twice as much as EU international flights.
Domestic flights account for 67% of flights from Belfast, EU
flights 31% and international 2%. The Heathrow airport of
the UK, having international significance, is recognised as
a major contributor of pollution and is considered as one of
the locations in which the limit values of European air qual-
ity have been breached in the past [4]. Figure 6d indicates
the monthly fluctuations of flights at Heathrow Airport. It
has the highest number of passengers (Fig. 7), GHG emis-
sions (Fig. 8) and indirect and direct emissions (Fig. 9). It
has the highest number of domestic flights (39,250) com-
pared to Belfast and Cardiff but not Edinburgh (62,126), a
percentage difference of 58%. Heathrow may fail in domestic
flights, but it has the highest number of flights in the EU
(212,820) and international (225,405) all year round.

Moreover, it is clear to see that Heathrow Airport pro-
duces the highest amount of emissions. In research, data

collected from 10 sites around Heathrow airport indicated
that nitrogen oxides were among the most significant emis-
sions and exceeded the annual mean limit value at various
sites [19]. The level of NO, and NO, (oxide of nitrogen such
as nitrous oxide (N,O), nitrogen oxide (NO)) concentra-
tions was estimated based on aircraft emissions, and hourly
meteorological data in 3 years following the flight-ban at
Heathrow airport (after volcano Eyjafjallajokull eruption in
2010), and the results suggested that the airport closure had
a significant effect on NO, and NO, concentrations near the
airport area, even though the ban had lasted for six days
only [50].

Air Traffic Flow from Various UK Airports

Heathrow airport has the highest number of passengers in
2019 with over 80 million passengers travelling through the
UK’s hub airport as seen in Fig. 7. Gatwick was in second
place with over 46 million passengers. In third place was
Manchester International Airport, with 29 million passen-
gers followed by London Stanstead with 28 million passen-
gers. Cardiff airport had the lowest number of passengers,
under 2 million.

Greenhouse Gas Emissions from UK Airports

It is noticeable from Fig. 8 that Heathrow was the top air-
port in the UK with the highest greenhouse gas emissions.
In 2016, Heathrow recorded 19.5 Mt of emissions, a share
of 50% of total GHG emissions. The UK’s hub airport is
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Fig.8 The annual greenhouse
gas (GHG) emissions (Mt CO,)
from thirteen UK’s airports
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of emissions forecast for 2030 and 2050 could cause an
increase in Bristol emissions by 133% and in Edinburgh by
33%. It can be predicted that Heathrow and Gatwick have
both seen reductions in emissions.

Moreover, smaller airports with less number of passen-
gers could influence fluctuations in emissions. Similarly, 6
out of the 14 airports as seen in Fig. 8 are increasing emis-
sions. The smaller airports should have policies in place to
reduce emissions. Direct and indirect emissions are shown
for 6 airports in Fig. 9. These direct and indirect emissions
have been divided into direct emissions, indirect emissions
(A) and indirect emissions (B). Direct emissions include
airport emissions that can be controlled by the airport.
Indirect emissions (A) are composed of generated airport
emissions from the buying of heat, steam and electricity.
In comparison, indirect emissions (B) include the external
emissions that the airport cannot control but are influenced
by the airport, such as the aircraft emissions from the land-
ing and take-off cycle and transportation of the passenger
to the airport.

As depicted in Fig. 9, Heathrow Airport was the top
runner indirect emissions (43,000), indirect emissions A
(241,00) and indirect emissions B, a record of 1.9 Mt of
emissions, due to having the highest number of passengers
of over 80 million and highest number of flights per day of
any other UK airport. MIA had the highest indirect emis-
sions generated by the airport with a value of 46,361, com-
pared to the Gatwick value of 45,791 in the same category.
East Midlands had the lowest values for direct and indirect
emissions. East Midlands, Stansted and MIA did not have
indirect emissions B available. Total global CO, emissions
of different airlines along with global ranking can be seen in
Table 1. United Airlines produced the highest CO, emissions

(31.3 Mt) in 2018 and carried 158 million passengers. In
second place is Lufthansa which reportedly produced 30.3
Mt CO, emissions in 2017 and carried 142 million passen-
gers in 2018. It has been estimated that since 2009, only one
out of five airports in Europe actually participated in the
reduction programmes of CO,; however, only around 8%
have been certified to be CO, neutral [51].

In 2014, Lufthansa flew a commercial flight with 10% of
Farnesane, a biofuel component. In 2011, Lufthansa was the
first airline in the world to use biosynthetic fuel on its Euro-
pean scheduled flights [52]. Before Thomson Airways turned
into TUI airways, it carried 230 passengers on a flight to
Lanzarote on one engine powered by hydro processed esters
(biofuel) and another engine with regular jet fuel back in
2011 [53]. British Airways and Virgin Atlantic are currently
working on household waste and carbon gas. It can also be
seen in Table 1 that Tui Airlines, the British holiday airline,
was ranked first in the 2018 global efficiency chart, due to
its low carbon emissions per passenger of 66.7 g per revenue
passenger kilometres and reaching under 80% of optimum
level carbon emissions, with its 79.2 efficiency points value.
However, its British counterpart, Flybe (now not operating
anymore), received an efficiency point of 40.8 in 2016 and
ranked in 98th position. Out of all airlines that operate in
and out of the UK, the Emirates was the lowest-rated with
a global efficiency position of 108 and an efficiency point
value of 40.7, putting it at the lower end of the spectrum.

Fuel-Efficient Aircrafts
The amount of CO, emissions released from a flight depend

on various factors. Airlines, airports and regulators can con-
trol some of the factors, but some cannot be controlled, such

Table 1 Total global CO,

a : =2 Airline Global emissions (Mt) Global Efficiency points (EP)  Global
emissions of different airlines passengers ranking
[32] carried (M) (2018)

Aer Lingus N/A 10.4 (2016) N/A N/A
American Airlines 26.8 (2011) 203 (2018) 58.7 (2018) 58
British Airways 18.1 (CO,) 45 (2018) 54.4 (2016) 74
EasylJet 7.6 (2018) 88.5 (2018) N/A N/A
Emirates 25.6 (2017) 58.5 (2018) 40.7 (2016) 108
Flybe Ltd N/A 9.5 (2018) 40.8 (2016) 98
Jet2 N/A 9.6 (2017) 0.70.8 (2018) 11
Lufthansa 30.3 (2017) 142 (2018) 56.9 (2016) 66
Ryanair N/A 139.2 (2018) N/A N/A
Thomas Cook 6.8 (2017) 20 (2018) 78.6 (2018) 7
Tui Airways 66.7 g CO, (2017) 27 (2018) 79.2 (2018) 1
United Airlines 31.3 (2018) 158 (2018) 60.4 (2018) 50
Virgin Atlantic N/A 5.4 (2018) N/A 83
Air Canada N/A 44.8 (2018) 65.6 (2018) 32
Air France N/A 49.8 (2018) 54.5 (2016) 73
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as weather. One very important factor which contributes to
aviation emissions is the aircraft type. The aviation market is
composed of a very limited number of producers that are in
high competition with one another. Technology is regarded
as the most basic parameter in this sector, and currently, the
entire focus is on energy efficiency [44]. From the middle
of the previous decade, new aircraft types like the Airbus
A320neo, Airbus A350 and Boeing 787 were introduced,
which have about 15% improvement in CO, emissions per
revenue tkm as compared to the predecessors [46]. Table 2
enlists the aircrafts categorised by short, medium and long-
haul travel. These are the most fuel-efficient planes currently
used by airlines that operate in the UK and outside.

In the short-haul category, Airbus A220-300 has the
lowest fuel burn of 2.30 kg/km and fuel per seat of 1.85
L/100 km. Lufthansa and Delta, known for being high CO,
emitters, in March 2018 ordered 20 and 50 Airbus A220-
300 planes. Currently, no British airlines are operating this
aircraft [54], while A319Neo is the second most efficient
aircraft in the short-haul category. In medium-haul flights,
the most efficient plane is Boeing 787-8 in terms of fuels
per seat, while, with respect to fuel burn, Irkut MC-21 is
the most fuel-efficient. The most fuel-efficient long-haul
aircraft is the Boeing 787-9 due to its fuel economy of 2.31
L/100 km; however, it has a fuel burn 5.63 kg/km. It is usu-
ally assumed that larger aircrafts are more fuel-efficient per
passenger due to the economies of scale. However, this is
not the case as larger aircrafts burn more fuel and release
more carbon into the atmosphere compared to their smaller
peers [55].

As compared to medium- and long-haul flights, the
emissions of short-haul flights are much lower. However,
short-haul flights are responsible for producing an increased
amount of emissions per tkm. This can not only be because
the energy-intense climb and take-off phase is dispensed

over the much shorter distance of flight but also because
of decreased load factors and the less amount of cargo that
is carried in comparison to long- and medium-haul flights.
A study conducted in Germany concluded that short-haul
flights produced twice as high CO, emissions (1653 kg) as
compared to emissions from long-haul flights (706 kg/tkm)
[46]. The average fuel consumption on each route is influ-
enced by the different mix of a small regional jet (SJ) and
narrow-body (NB) aircraft, which depends on the available
fleet of the airlines performing the service [44].

Mitigating Approaches for Aviation Environmental
Impacts

Concerns have arisen with the ongoing environmental
impacts of aviation; control strategies to reduce the dev-
astating effects have become the priorities for the aviation
industry [56]. However, the global nature of the aviation
sector has made it more difficult for new strategies to be
implemented. The air traffic is expected to increase at 4.5%
rate/year in the coming few decades, and there are serious
concerns for the aviation sector regarding the emissions and
the accessibility of various fuel resources for future use [57].
Aircraft emission reduction demands a combination of tech-
nological, market-based operational and economic measures
to be followed through, with a set of short, medium and
long-term goals [58]. Below are some recommended meas-
ures suggested in the light of already published literature and
research for reduction of the aircraft emissions worldwide.

Emissions Trading System for the Reduction of EU GHG
Emissions

The European Union emissions trading system (EU ETS)
was set up in 2005 and is the world’s first major international

Table 2 Types of aircrafts used for different flights including short, medium and long haul along with their total number of seats, travelling dis-

tance, load factor, fuel burn and fuel per seat ratio

Flight type Type of aircraft Number of Travelling Load factor Fuel burn Fuel per seat Reference
seats distance
(km) (%) (kg/km) (L/100 km)
Short haul Airbus A319 Neo 136 6,850 68 2.40 1.93 [86]
Boeing 737 Max-7 140 7,130 65 2.51 1.94 [86]
Airbus A220-300 135 5,920 72 2.30 1.85 [87]
Medium haul Boeing 787-8 291 6,300 75 5.26 2.26 [88]
Irkut MC-21 163 3,240 73 3.04 2.33 [89]
Boeing 787-9 304 6,200 75 5.77 2.37 [90]
Long haul Boeing 787-9 304 9,208 75 5.63 2.31 [90]
A350-900 315 9,208 80 6.03 2.39
Airbus A330neo0-900 300 8,610 76 5.94 2.48 [91]
Airbus A330neo-800 248 8,610 74 5.45 2.75 [91]
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emissions trading system and the biggest one. It is set out
in Article 17 of the Kyoto Protocol [59]. The EU ETS is a
key tool for reducing EU greenhouse gas emissions cost-
effectively. This tool uses the cap and trade principle. It can
allow the companies to invest in low-carbon clean technolo-
gies, and it covers 45% of released carbon emissions from
EU greenhouse gas emissions. According to the EU ETS,
the year 2020 might be having a 21% reduction in emis-
sions as compared to 2005. Under this current system, 2030
should see a reduction of 43% [60]. Mitigation strategies like
the EU ETS are essential to change behaviour towards air
travel and also to incorporate technological and operational
changes in the aviation sector, resulting in decreasing envi-
ronmental impacts [61].

Technological Improvements

Sustainable aviation can be reached through investments
in technological improvements, along with other measures
[62]. Present modern aircrafts produce 80% less CO, per
seat than the first jets designed in 1950. However, there is
still room for improvement [63]. In March 2017, the Inter-
national Civil Aviation Organisation (ICAO) adopted a new
CO, emissions standard for aircraft, which applies to all
new aircraft type designs from 2020 and new aircraft type
designs currently in production as of 2023 [64]. Wingtip
devices that are currently installed by manufacturers reduce
fuel usage and increase overall aerodynamic efficiency [65].

Sustainable Alternative Fuels

In the past few years, many industrial initiatives have gained
significance to search for alternative ways of attaining bio-
fuels for aviation; that is why there has been increasing
research regarding alternative fuels composed of biomass
[66]. Substituting fossil-based jet fuels with biomass-based
jet fuels can help in reducing aviation emissions and energy
crises [67]. Table 3 enlists the stage of biofuel develop-
ment by different airlines, along with the proposed sources.
Many airlines and manufacturers have invested heavily to
find sustainable alternative jet fuel to reduce greenhouse
gas emissions of the air transport industry. Manufacturers

such as Boeing are currently in the production of aircraft
that can transport passengers solely on sustainable alterna-
tive fuels [66]. Biofuels should not be sourced from valu-
able resources, competing with food sources, but sustain-
able ones, and they can be produced in many geographical
locations.

The second-generation biofuels can compete with stable
prices of the current jet kerosene fuel [68]. The Australian
aviation industry is planning to supply 5% of the domestic
fuel from biomass by 2020 [69]. However, biofuels can pro-
duce high-level NO, emissions [70]. Other than biomass,
other raw materials are also available, which can be used
in the production of sustainable fuels for aircrafts. HEFA
(hydrotreated esters and fatty acids) and Fischer—Tropsch jet
fuels are considered the most promising synthetic jet fuels
as their large-scaled plants are already in existence [71].
Recently, it has been reported that scientists are now able
to convert CO, into jet fuel with the help of a cutting-edge
method bypassing it from an iron catalyst with hydrogen,
manganese, potassium, and citric acid. Additionally, this
method is claimed to be less expensive than other means of
jet fuel production [72].

Role of Electric Aircrafts

As the aviation sector is progressing towards a greener
approach [73], one way to achieve zero emissions is to use
electric aircrafts [74]. In comparison to conventional air-
crafts, electric aircraft (MEA) that are less dependent on
fuels that are carbon-based eventually produce less NO,
and carbon emissions. Moreover, they have more reliabil-
ity and efficiency and produce less noise that could result
in ending the ban on night-time flights at various airports
[75]. While the existing battery technology may not sup-
port long- and medium-haul flights at a full capacity, the
First Generation Electric Aircraft (FGEA) can significantly
contribute to short-haul flights in the future [74]. MagniX,
an electric motor manufacturing company for aircrafts,
conducted a grand caravan with the world’s largest electric
aircraft in May 2020, along with AeroTEC. Conducting a
1.5-h flight with Cessna Grand Caravan had a cost of power
of US$24.68 only compared to conventional fuel, whose

Table 3 The stage of biofuel development by different airlines along with the proposed sources

Airline Biofuel development Proposed source

commitment

Source Reference

British Airways In place
Lufthansa In place
Thomson (TUI) Was in place
(HEFA) fuel- cooking oil
Virgin Atlantic Testing waste gases
from a steel mill

Tested out a biokerosene mixture

Use of Hydro processed esters and fatty acids

October 2018- Flight using waste carbon gas

Converting household waste to renewable jet fuel British Airways Sustainable Fuel report [92]

Lufthansa Balance sustainability report [93]
Reuters [94]

Virgin Atlantic Press Release [95]
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cost was around US$404.55 [76]. The MagniX is now also
working to provide 300 aircraft fleet to the UK by 2030 [77].
The accelerating development of electric cars also brought
intensive innovations to develop cheaper, and for avionic
industry important, lighter batteries. This offers important
benefits for the future development of electric planes.

The Use of Non-Stop Routes

Air traffic management (ATM) is a programme to follow the
best fuel-efficient and environmentally friendly routes. It has
a significantly important role in decreasing the impacts of
aviation on the environment, which is achieved by reducing
the inefficient activities in the routes flown by aircraft [78],
and non-stop routes to destinations could reduce the level of
carbon emissions aircrafts. The emissions of carbon for both
connecting and direct routes between ten heavily populated
areas in the USA, along with thirteen different tourist des-
tinations situated in the Western and Sunbelt regions in the
USA, were studied. It was seen that direct routes had gener-
ally outperformed the connecting routes relating the carbon
emissions with several exceptions. Furthermore, it was seen
that, on average, non-stop pathways decreased carbon emis-
sions roughly by 100 kg/person as compared to the adjoining
best option of flight [79]. Another study concluded that for
short trips (<500 km), aviation is not a fuel-efficient option
mainly because of large emissions associated with landing
and take-off and also due to emissions from ground support
equipment related to any trip [80].

Impact of COVID-19 on Global Aviation

In March 2020, the European Union (EU), for the first time,
closed all external borders in order to control the spread of
COVID-19, following various governments implementing
massive travel restrictions and border control to mitigate
the outbreak of this global pandemic [81], which affected air
transport and airline industry all over the world [82]. A study
indicated that in the EU, COVID-19 gradually affected air
transport, and a peak reduction of 89% in the total number
of flights was observed in April [82]. However, the restric-
tions imposed due to the pandemic has led to improved air
quality around the globe. A study conducted in the USA
compared historical data (pre-COVID-19) with current peri-
ods of COVID-19 to observe particulate matter (PM 2.5) and
NO, concentration. The results suggested that the concentra-
tions of both the pollutants have significantly reduced in the
atmosphere during the COVID-19 pandemic [83]. Similarly,
reductions in PM 10, SO,, CO, O; and NHj; are also reported
in India in comparison to the pre-COVID-19 period. More-
over, there has been around 11.4% improvement in Chi-
na’s air quality during the pandemic in comparison to the

pre-COVID-19 period [84]. A good aviation system must
also evaluate the risks, and the cost of such risks is included
in the price that is paid by the consumers. Therefore, during
the COVID-19 pandemic, there is an opportunity for the air
transport industry to increase their profitability and also to
re-examine air transport around the world [85].

Conclusion

Aviation emissions are a significant contributor to Global
warming. Global aviation will inevitably continue to expand
due to the increase in the global population. The number of
passengers increased from 1.9x 10° in 2004 to 2.1x 10° in
2005, resulting in an overall 7.07% increase in global air
traffic. Developing countries with high population densities
have seen high levels of pollution. From the EU, Germany
was the highest producer of GHG emissions, releasing well
over 927 Mt emissions, followed by the UK and France in
the second and third place respectively. In 2019, commer-
cial airlines carried over 4.5 x 10° passengers on scheduled
flights; however, in 2020, due to the COVID-19 pandemic,
the number of passengers around the world were reduced to
1.8 x 10° (around 60% reduction in global air traffic). In the
UK, Heathrow Airport had the highest number of passengers
in 2019 (over 80 million) and Gatwick was in second place
with over 46 million passengers. Among the four UK air-
ports, it was identified that Heathrow Airport has the highest
number of EU and International flights. However, Edinburgh
has the highest domestic flights in the UK. The data shows
that United Airlines and Lufthansa are the highest contribu-
tors to CO, emissions compared with other airlines, depend-
ing on short-, medium- and long-haul flights as an example
of fuel-efficient aircrafts can serve, e.g. Airbus A22-300,
Boeing 787-8 and Boeing 787-9. It is important to adopt
suitable measures to control and decrease the impact of avia-
tion emissions on increasing global warming, which can be
achieved through collective cooperation between states and
organisations that require major changes to current Govern-
ment policies. This study has recommended technological
advancements, emissions trading such as the European
Union Emissions Trading System (EU ETS), the use of sus-
tainable alternative fuels, electric aircrafts and the use of
non-stop routes.

Author Contribution Farooq Sher, David Raore: conceptualization,
methodology, software. Farooq Sher, Jif{ Jaromir Klemes: data cura-
tion, writing — original draft preparation. Martin Khzouz, Piyya
Muhammad Rafi-ul-Shan, Martin Khzouz, Kristina Marintseva, Omid
Razmkhah: visualization, investigation, software, validation. Farooq
Sher; Jifi Jaromir Klemes: supervision, validation, funding, writing
— reviewing and editing.

@ Springer



562

Current Pollution Reports (2021) 7:549-564

Funding The authors received financial supports from the Engi-
neering and Physical Sciences Research Council (EPSRC) UK. The
authors also received financial support from the EU project Sustain-
able Process Integration Laboratory — SPIL, funded as project No.
CZ.02.1.01/0.0/0.0/15_ 003/0000456, by Czech Republic Opera-
tional Programme Research and Development, Education, Priority 1:
Strengthening capacity for quality research.

Availability of Data and Materials Not applicable.

Compliance with Ethical Standards

Ethics Approval Not applicable.
Consent to Participate Not applicable.

Consent for Publication Not applicable.

Conflict of Interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any
of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Negié¢ A, Cavka I, Cokorilo O. Shifting to more environmentally
friendly modes in long-distance transport. KEEPING UP WITH
TECHNOLOGIES TO MAKE HEALTHY PLACES. 2015.

2. Masiol M, Harrison RM. Aircraft engine exhaust emissions and
other airport-related contributions to ambient air pollution: a
review. 2014;95:409-455.

3. Grobler C, Wolfe PJ, Dasadhikari K, Dedoussi IC, Allroggen F,
Speth RL, Eastham SD, Agarwal A, Staples MD, Sabnis J. Mar-
ginal climate and air quality costs of aviation emissions. Environ
Res Lett. 2019;14(11):114031.

4. Harrison RM, Masiol M, Vardoulakis S. Civil aviation, air pollu-
tion and human health. Environ Res Lett. 2015;10(4):041001.

5. Baudin C, Lefevre M, Babisch W, Cadum E, Champelovier P,
Dimakopoulou K, Houthuijs D, Lambert J, Laumon B, Pershagen
G. The role of aircraft noise annoyance and noise sensitivity in the
association between aircraft noise levels and hypertension risk:
results of a pooled analysis from seven European countries. Envi-
ron Res. 2020;191:110179.

6. Hanna E, Hall RJ. Earth, air, fire and ice: exploring links
between human-induced global warming, polar ice melt and

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

local scale extreme weather, in Science, Faith and the Climate
Crisis 2020. Emerald Publishing Limited.

Chandel S. Shrivastva, Rajnish, Sharma, Vikrant, Ramasamy, P,
Overview of the initiatives in renewable energy sector under the
national action plan on climate change in India. Renew Sustain
Energy Rev. 2016;54:866—73.

Cadez S. Czerny, Albert, Letmathe, Peter, Stakeholder pressures
and corporate climate change mitigation strategies. Bus Strateg
Environ. 2019;28(1):1-14.

Kumas K, Aksu HH, inan O, Akyiiz A. Giingor A. Estimation of
carbon dioxide emissions from airplanes: a case study of a turk-
ish airport. In AIP Conference Proceedings 2019. AIP Publishing
LLC.

Masiol M, Harrison RM. Aircraft engine exhaust emissions and
other airport-related contributions to ambient air pollution: a
review. Atmos Environ. 2014;95:409-55.

Lee DS, et al. The contribution of global aviation to anthro-
pogenic climate forcing for 2000 to 2018. Atmospheric
Environment 2021;244:117834.

Brasseur GP. Gupta, Mohan, Anderson, Bruce E, Balasubramanian,
Sathya, Barrett, Steven, Duda, David, Fleming, Gregg, Forster,
Piers M, Fuglestvedt, Jan, Gettelman, Andrew, Impact of avia-
tion on climate: FAA’s aviation climate change research initiative
(ACCRI) phase II. Bull Am Meteor Soc. 2016;97(4):561-83.
Turgut ET. Gaga, Eftade O, Jovanovié¢, Gordana, Odabasi,
Mustafa, Artun, Gulzade, Ari, Akif, UroSevié, Mira Anici¢,
Elemental characterization of general aviation aircraft emissions
using moss bags. Environ Sci Pollut Res. 2019;26(26):26925-38.
Zhang X. Chen, Xi, Wang, Jing, A number-based inventory of
size-resolved black carbon particle emissions by global civil avia-
tion. Nat Commun. 2019;10(1):1-11.

Terrenoire E, Hauglustaine DA, Gasser T, Penanhoat O. The con-
tribution of carbon dioxide emissions from the aviation sector to
future climate change. Environ Res Lett. 2019;14(8):084019.
Jungbluth N, Meili C. Recommendations for calculation of the
global warming potential of aviation including the radiative forc-
ing index. Int J Life Cycle Ass. 2019;24(3):404-11.

Yu J, Shao C, Xue C, Hu H. China's aircraft-related CO2 emis-
sions: decomposition analysis, decoupling status, and future
trends. Energy Policy. 2020:111215.

Yilmaz I. Emissions from passenger aircraft at Kayseri Airport.
Turkey J Air Transp Manag. 2017;58:176-82.

Masiol M, Harrison RM. Quantification of air quality impacts
of London Heathrow Airport (UK) from 2005 to 2012. Atmos
Environ. 2015;116:308-19.

Makridis M, Lazaridis M. Dispersion modeling of gaseous and
particulate matter emissions from aircraft activity at Chania Air-
port, Greece. Air Qual Atmos Health. 2019;12(8):933—43.

Yim SH. Stettler, Marc EJ, Barrett, Steven RH %J Atmospheric
Environment, Air quality and public health impacts of UK air-
ports. Part II: impacts and policy assessment. 2013;67:184-92.
Hsu H-H. Adamkiewicz, Gary, Houseman, E Andres, Vallarino,
Jose, Melly, Steven J, Wayson, Roger L, Spengler, John D, Levy,
Jonathan I %J Atmospheric Environment. The relationship between
aviation activities and ultrafine particulate matter concentrations
near a mid-sized airport. 2012;50:328-37.

Delhaye D. Ouf, Frangois-Xavier, Ferry, Daniel, Ortega, Ismael
K, Penanhoat, Olivier, Peillon, Samuel, Salm, Frangois, Vancassel,
Xavier, Focsa, Cristian, Irimiea, Cornelia, The MERMOSE project:
characterization of particulate matter emissions of a commercial
aircraft engine. J Aerosol Sci. 2017;105:48-63.

Stacey B, Harrison RM, Pope FD. Evaluation of aircraft emissions
at London Heathrow Airport. Atmos Environ. 2021;254:118226.
Lee DS, et al. Aviation and global climate change in the 21st
century. Atmos Environ. 2009;43(22-23):3520-37.


http://creativecommons.org/licenses/by/4.0/

Current Pollution Reports (2021) 7:549-564

563

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Hasan MA, et al. Climate change mitigation pathways for the avia-
tion sector. Sustainability. 2021;13(7):3656.

Statista. Number of passengers boarded by the global airline
industry. 2020. Available from: www.statista.com/statistics/
564717/airline-industry-passenger-traffic-globally/.

Statista. Estimated annual growth rates. 2020. Available from:
www.statista.com/statistics/269919/growth-rates-for-passenger-
and-cargo-air-traffic/#:~:text=In%202018 %2C %20there %20was %
20a,global %20air%20traffic %20passenger%20demand. accessed 1
Oct 2021.

Eurostat. Greenhouse gas emission statistics - emission invento-
ries 2020.

Eurostat. Greenhouse gas emissions by source sector. 2020
2020]; Available from: www.appsso.eurostat.ec.europa.eu/nui/
submitViewTableAction.do.

Civil Aviation Authority. Information on aviation’s environmen-
tal impact. 2017. Available from: http://www.publicapps.caa.co.
uk/docs/33/CAP1524EnvironmentalInformation29032017.pdf/.
Accessed 20 Sept 2021.

Atmosfair. atmosfair Airline Index. 2018. Available from: www.
atmosfair.de/en/air_travel_and_climate/atmosfair_airline_index.
Accessed 25 Sept 2021.

CAA. Airport data 2018. 2018. Available from: www.caa.co.uk/
Data-and-analysis/UK-aviation-market/Airports/Datasets/UK-
Airport-data/Airport-data-2018-08/. Accessed 1 Oct 2021.
Eurocontrol. Aircraft Performance Database. 2020. Available
from: www.eurocontrol.int. Accessed 15 Sep 2021.

Schaefer M, Development of forecast model for global air traffic
emissions. 2012. DLR.

ICAO. Annual Passenger Total Approaches 3 Billion According
to ICAO 2012 Air Transport Results in United Aviation, I.C.A.
Organization, Editor. 2012.

Bank TW. Darkening Prospects: Global Economy to Slow to
2.9 percent in 2019 as Trade, Investment Weaken, in Emerging,
Developing Economies Should Rebuild Policy Buffers, Boost
Productivity to Sustain Growth. 2019.

Abu-Rayash A, Dincer I. Analysis of mobility trends during
the COVID-19 coronavirus pandemic: exploring the impacts
on global aviation and travel in selected cities. Energy Res Soc
Sci. 2020;68:101693.

Tacus SM, Natale F, Santamaria C, Spyratos S, Vespe M. Esti-
mating and projecting air passenger traffic during the COVID-
19 coronavirus outbreak and its socio-economic impact. Safety
Science. 2020:104791.

Njoya ET. Africa’s single aviation market: the progress so far. J
Transp Geogr. 2016;50:4-11.

Zhou W. Wang, Tao, Yu, Yadong, Chen, Dingjiang, Zhu, Bing,
Scenario analysis of CO2 emissions from China’s civil aviation
industry through 2030. Appl Energy. 2016;175:100-8.

Kafali H, Altuntas O. The analysis of emission values from com-
mercial flights at Dalaman international airport Turkey. Aircraft
Engineering and Aerospace Technology. 2020.

Eurostat, Air Transport Statistics. European Commission. Brus-
sels: Belgium; 2018.

Prussi M, Lonza L. Passenger aviation and high speed rail: a com-
parison of emissions profiles on selected European routes. Journal
of Advanced Transportation. 2018.

Comission E. Reducing emissions from aviation. 2017. Avail-
able from: www.ec.europa.eu/clima/policies/transport/aviation.
Accessed 6 Jul 2021.

Grimme W, Jung M, Hohe L. Towards more sustainability 7—the
development of aviation emissions from Germany between 1995
and 2016. In Proceedings in the 22nd Air Transport Research
Society World Conference in Seoul/Korea. 2018.

Eurostat. Energy, Transport and Environment Indicators 2017 Edi-
tion. 2017. Eurostat, Brussels, Belgium.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.
60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

D’Alfonso T. Jiang, Changmin, Bracaglia, Valentina, Air transport
and high-speed rail competition: Environmental implications and
mitigation strategies. Transportation Research Part A: Policy and
Practice. 2016;92:261-76.

ETAG. Edinburgh Key Facts and Figures. Edinburgh Tourism
Action Group. 2016;5,9.

Carslaw DC. Williams, Martin L, Barratt, Ben, A short-term
intervention study—impact of airport closure due to the erup-
tion of Eyjafjallajokull on near-field air quality. Atmos Environ.
2012;54:328-36.

Falk MT, Hagsten E. Time for carbon neutrality and other emis-
sion reduction measures at European airports. Bus Strateg Envi-
ron. 2020;29(3):1448-64.

Benefits A. Lufthansa Group tests new biokerosene component.
2013;1:1.

International A. The Aviation Fuel of the Future?. In Airline
Focus. 2011.

Airbus. Lufthansa orders 20 additional A350-900 wide-body
aircraft. Commercial Aircraft 2019. Available from: www.airbus.
com/newsroom/press-releases/en/2019/03/lufthansa-orders-20-
additional-a350900-widebody-aircraft.html.

ICCT DR. Size matters for aircraft fuel efficiency. Just not in
the way that you think. 2018. Available from: www.theicct.org/
blog/staff/size-matters-for-aircraft-fuel-efficiency.

Adler N, Gellman A. Strategies for managing risk in a changing
aviation environment. 2012;21:24-35.

Rao AG. Ahead: paving the way for next generation aircraft and
engine, in AeroDays. London: United Kingdom; 2015.
Schlumberger CE. Air transport and energy efficiency. 2012;1(1).
UNFCC, UNCC. Emissions Trading. 2017;3(2).

EC. EU Emissions Trading System (EU ETS).
2017 [08/04/2019] Available from: www. ec.europa.eu/clima/
policies/ets_en. Accessed 5 Jul 2021.

Anger A, Kohler J. Including aviation emissions in the EU
ETS: much ado about nothing? A review Transport Policy.
2010;17(1):38—46.

ATAG. Beginner’s Guide to Aviation Efficiency, A.T.A. Group,
Editor. 2010.

IATA. Fuel Fact Sheet. International Air Transport Association. 2018.
United Aviation AP, Raillant-Clark W. ICAO Council adopts new
CO2 emissions standard for aircraft I.C.A. Organization, Editor.
2017.

Leeham, B.F. IBERIA gets upgraded A350-900. 2018; Available
from: www.leehamnews.com/2018/01/31/iberia-get-upgraded-
a350-900.

Boeing. Current Market Outlook 2014-2033. 2014;5:2-6.
Azami MH, Savill M. Comparative study of alternative bio-
fuels on aircraft engine performance. Proceedings of the
Institution of Mechanical Engineers, Part G: J Aerosp Eng.
2017;231(8):1509-21.

Hari TK. Yaakob, Zahira, Binitha, Narayanan N %J Renewable.
Sustainable Energy Reviews, Aviation biofuel from renewable
resources: routes, opportunities and challenges. 2015;42:1234-44.
Murphy HT. O’Connell, Deborah A, Raison, R John, Warden,
Andrew C, Booth, Trevor H, Herr, Alexander, Braid, Andrew
L, Crawford, Debbie F, Hayward, Jennifer A, Jovanovic,
Tom, Biomass production for sustainable aviation fuels: a
regional case study in Queensland. Renew Sustain Energy Rev.
2015;44:738-50.

Forum ET. Is there a trade-off between carbon emissions and
air pollutants? www.europeantransportforum.eu/mediaroom/is-
there-a-trade-off-between-carbon-emissions-and-air-pollutants.
Accessed 12 Aug 2021.

Richter S. Braun-Unkhoff, Marina, Naumann, Clemens, Riedel,
Uwe, Paths to alternative fuels for aviation. CEAS Aeronaut J.
2018;9(3):389—-403.

@ Springer


http://www.statista.com/statistics/564717/airline-industry-passenger-traffic-globally/
http://www.statista.com/statistics/564717/airline-industry-passenger-traffic-globally/
http://www.statista.com/statistics/564717/airline-industry-passenger-traffic-globally/
http://www.statista.com/statistics/564717/airline-industry-passenger-traffic-globally/
http://www.statista.com/statistics/564717/airline-industry-passenger-traffic-globally/
http://www.appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
http://www.appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
http://www.publicapps.caa.co.uk/docs/33/CAP1524EnvironmentalInformation29032017.pdf/
http://www.publicapps.caa.co.uk/docs/33/CAP1524EnvironmentalInformation29032017.pdf/
http://www.atmosfair.de/en/air_travel_and_climate/atmosfair_airline_index
http://www.atmosfair.de/en/air_travel_and_climate/atmosfair_airline_index
http://www.caa.co.uk/Data-and-analysis/UK-aviation-market/Airports/Datasets/UK-Airport-data/Airport-data-2018-08/
http://www.caa.co.uk/Data-and-analysis/UK-aviation-market/Airports/Datasets/UK-Airport-data/Airport-data-2018-08/
http://www.caa.co.uk/Data-and-analysis/UK-aviation-market/Airports/Datasets/UK-Airport-data/Airport-data-2018-08/
http://www.eurocontrol.int
http://www.ec.europa.eu/clima/policies/transport/aviation
http://www.airbus.com/newsroom/press-releases/en/2019/03/lufthansa-orders-20-additional-a350900-widebody-aircraft.html
http://www.airbus.com/newsroom/press-releases/en/2019/03/lufthansa-orders-20-additional-a350900-widebody-aircraft.html
http://www.airbus.com/newsroom/press-releases/en/2019/03/lufthansa-orders-20-additional-a350900-widebody-aircraft.html
http://www.theicct.org/blog/staff/size-matters-for-aircraft-fuel-efficiency
http://www.theicct.org/blog/staff/size-matters-for-aircraft-fuel-efficiency
http://www.leehamnews.com/2018/01/31/iberia-get-upgraded-a350-900
http://www.leehamnews.com/2018/01/31/iberia-get-upgraded-a350-900
http://www.europeantransportforum.eu/mediaroom/is-there-a-trade-off-between-carbon-emissions-and-air-pollutants
http://www.europeantransportforum.eu/mediaroom/is-there-a-trade-off-between-carbon-emissions-and-air-pollutants

564

Current Pollution Reports (2021) 7:549-564

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

World T. CO, was just converted into jet fuel and it could reshape
aviation for good. 2020. Available from: www.trtworld.com/
magazine/co2-was-just-converted-into-jet-fuel-and-it-could-
reshape-aviation-for-good-42752, accessed 12 Feb 2021.

Lukic M. Giangrande, Paolo, Hebala, Ahmed, Nuzzo, Stefano,
Galea, Michael, Review, Challenges, and Future Developments
of Electric Taxiing Systems. IEEE T Transp Electrification.
2019;5(4):1441-57.

Baumeister S, Leung A, Ryley T. The emission reduction poten-
tials of First Generation Electric Aircraft (FGEA) in Finland. J
Transp Geogr. 2020. 85:102730.

Schefer H. Fauth, Leon, Kopp, Tobias H, Mallwitz, Regine,
Friebe, Jens, Kurrat, Michael, Discussion on Electric Power
Supply Systems for All Electric Aircraft. IEEE Access.
2020;8:84188-216.

Sachdev G. MagniX’s Roei Ganzarski: taking the world’s largest
all-electric aircraft to the skies. 2020. http://www.thebluecircle.co/
2020/07/02/magnixs-roei-ganzarski-taking-the-worlds-largest-all-
electric-aircraft-to-the-skies.

Corliss B. Electric aircraft motor company MagniX lands deal
to power UK startup’s planned 300-plane fleet. 2020; Available
from: www.geekwire.com/2020/electric-aircraft-motor-company-
magnix-lands-deal-power-uk-startups-planned-300-plane-fleet.
Reynolds TG. Air traffic management performance assessment
using flight inefficiency metrics. Transp Policy. 2014;34:63-74.
Debbage KG, Debbage N. Aviation carbon emissions, route choice
and tourist destinations: are non-stop routes a remedy? Ann Tour
Res. 2019;79:102765.

Liu H. Stockwell, Nicholas, Rodgers, Michael O, Guensler,
Randall, A comparative life-cycle energy and emissions analy-
sis for intercity passenger transportation in the US by aviation,
intercity bus, and automobile. Transp Res Part D: Transp Envi-
ron. 2016;48:267-83.

Linka K, Peirlinck M, Sahli Costabal F, Kuhl E. Outbreak dynam-
ics of COVID-19 in Europe and the effect of travel restrictions.
Comput Methods Biomech Biomed Eng. 2020:1-8.

Nizeti¢ S. Impact of coronavirus (COVID-19) pandemic on air
transport mobility, energy, and environment: a case study. IntJ
Energy Res. 2020;44(13):10953-61.

Berman JD, Ebisu K. Changes in US air pollution during the
COVID-19 pandemic. Sci Total Environ. 2020;739:139864.

Bhat SA, et al. Impact of COVID-related lockdowns on environ-
mental and climate change scenarios: a case study of New Delhi
in India. Environ Res. 2021:110839.

@ Springer

85.

86.

87.

88.

89.

90.

91.

92.

93.
94.

95.

Gossling S. Risks, resilience, and pathways to sustainable aviation:
a COVID-19 perspective. J Air Transp Manag. 2020;89:101933.
Leeham News and Analysis. CS300 first flight Wednesday, direct
challenge to 737-7 and A319neo. 2015. Available from: www.
leehamnews.com/2015/02/25/cs300-first-flight-wednesday-direct-
challenge-to-737-7-and-a319neo.

Analysis L.N.a. CS300 first flight Wednesday, direct challenge to
737-7 and A319neo. 2015. Available from: www.leechamnews.
com/2015/02/25/cs300-first-flight-wednesday-direct-challenge-
to-737-7-and-a319neo.

Scott Hamilton BF. 737 MAX 8 could be enabler for some LCC
Long Haul. 2014. Available from: www.leehamnews.com/2014/
12/08/737-max-8-could-be-enabler-for-some-lcc-long-haul.
Kaminski-Morrow D. Aeroflot outlines performance expectations
for MC-21s. Flight Global. 2018.

Bhaskara V. Updated Analysis: Delta Order for A350; A330neo
Hinged on Pricing, Availability. 2014. Available from: http://
www.web.archive.org/web/20151117045118/. http://airwaysnews.
com/blog/2014/11/25/analysis-delta-order-for-a350-a330neo-
hinged-on-pricing-availability/.

News A. ANALYSIS: The Boeing 787-8 and Airbus A330-
800neo are Far From Dead". 2016.

British Airways. Sustainability at British Airways. 2020. Available
from: www.mediacentre.britishairways.com/factsheets/details/86/
Factsheets-3/208.

Lufthansa Group. Balance sustainability report. 2019.

Reuturs T. Airways set for first commercial UK biofuels flight.
2011. Available from: www.reuters.com/article/uk-thomson-biofuel/
thomson-airways-set-for-first-commercial-uk-biofuels-flight-
idUSLNE76003P20110701.

Virgin Atlantic Press Release. Virgin Atlantic and Lanza-
Tech at critical breakthrough point with new low-carbon
jet fuel 2018. Available from: www.iata.org/contentassets/
2c¢80496¢e715c479cb9f59facc54e7el2/virgin-atlantic-saf-press-
release.pdf.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://www.trtworld.com/magazine/co2-was-just-converted-into-jet-fuel-and-it-could-reshape-aviation-for-good-42752
http://www.trtworld.com/magazine/co2-was-just-converted-into-jet-fuel-and-it-could-reshape-aviation-for-good-42752
http://www.trtworld.com/magazine/co2-was-just-converted-into-jet-fuel-and-it-could-reshape-aviation-for-good-42752
http://www.thebluecircle.co/2020/07/02/magnixs-roei-ganzarski-taking-the-worlds-largest-all-electric-aircraft-to-the-skies
http://www.thebluecircle.co/2020/07/02/magnixs-roei-ganzarski-taking-the-worlds-largest-all-electric-aircraft-to-the-skies
http://www.thebluecircle.co/2020/07/02/magnixs-roei-ganzarski-taking-the-worlds-largest-all-electric-aircraft-to-the-skies
http://www.geekwire.com/2020/electric-aircraft-motor-company-magnix-lands-deal-power-uk-startups-planned-300-plane-fleet
http://www.geekwire.com/2020/electric-aircraft-motor-company-magnix-lands-deal-power-uk-startups-planned-300-plane-fleet
http://www.leehamnews.com/2015/02/25/cs300-first-flight-wednesday-direct-challenge-to-737-7-and-a319neo
http://www.leehamnews.com/2015/02/25/cs300-first-flight-wednesday-direct-challenge-to-737-7-and-a319neo
http://www.leehamnews.com/2015/02/25/cs300-first-flight-wednesday-direct-challenge-to-737-7-and-a319neo
http://www.leehamnews.com/2015/02/25/cs300-first-flight-wednesday-direct-challenge-to-737-7-and-a319neo
http://www.leehamnews.com/2015/02/25/cs300-first-flight-wednesday-direct-challenge-to-737-7-and-a319neo
http://www.leehamnews.com/2015/02/25/cs300-first-flight-wednesday-direct-challenge-to-737-7-and-a319neo
http://www.leehamnews.com/2014/12/08/737-max-8-could-be-enabler-for-some-lcc-long-haul
http://www.leehamnews.com/2014/12/08/737-max-8-could-be-enabler-for-some-lcc-long-haul
http://www.web.archive.org/web/20151117045118/
http://www.web.archive.org/web/20151117045118/
http://airwaysnews.com/blog/2014/11/25/analysis-delta-order-for-a350-a330neo-hinged-on-pricing-availability/
http://airwaysnews.com/blog/2014/11/25/analysis-delta-order-for-a350-a330neo-hinged-on-pricing-availability/
http://airwaysnews.com/blog/2014/11/25/analysis-delta-order-for-a350-a330neo-hinged-on-pricing-availability/
http://www.mediacentre.britishairways.com/factsheets/details/86/Factsheets-3/208
http://www.mediacentre.britishairways.com/factsheets/details/86/Factsheets-3/208
http://www.reuters.com/article/uk-thomson-biofuel/thomson-airways-set-for-first-commercial-uk-biofuels-flight-idUSLNE76003P20110701
http://www.reuters.com/article/uk-thomson-biofuel/thomson-airways-set-for-first-commercial-uk-biofuels-flight-idUSLNE76003P20110701
http://www.reuters.com/article/uk-thomson-biofuel/thomson-airways-set-for-first-commercial-uk-biofuels-flight-idUSLNE76003P20110701
http://www.iata.org/contentassets/2c80496e715c479cb9f59facc54e7e12/virgin-atlantic-saf-press-release.pdf
http://www.iata.org/contentassets/2c80496e715c479cb9f59facc54e7e12/virgin-atlantic-saf-press-release.pdf
http://www.iata.org/contentassets/2c80496e715c479cb9f59facc54e7e12/virgin-atlantic-saf-press-release.pdf

	Unprecedented Impacts of Aviation Emissions on Global Environmental and Climate Change Scenario
	Abstract
	Introduction
	Material and Methods
	Results and Discussion
	Global Air Traffic and Annual Growth
	Air Traffic on Different Continents
	Greenhouse Gas Emissions from Aircrafts in the EU
	Aircraft Emissions from UK
	Monthly Fluctuation of Air Traffic at Four Major Airports
	Air Traffic Flow from Various UK Airports
	Greenhouse Gas Emissions from UK Airports

	Fuel-Efficient Aircrafts
	Mitigating Approaches for Aviation Environmental Impacts
	Emissions Trading System for the Reduction of EU GHG Emissions
	Technological Improvements
	Sustainable Alternative Fuels
	Role of Electric Aircrafts
	The Use of Non-Stop Routes


	Impact of COVID-19 on Global Aviation
	Conclusion
	References


