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Introduction

The aviation industry is a large global industry and has a significant impact
on the environment. During all phases of air travel, many types of pollutant
emissions are released. It is because of this that air travel is an anthropogenic
contributor to global climate change. The pollutants’ emitted from jet engines
include both criteria air pollutants, defined by the Clean Air Act (CAA) as common
pollutants considered harmful to public health and the environment, and
greenhouse gases (GHG) (EPA 2012). Both types of pollutants have been known to
have serious health effects and a significant impact on the environment. The
industry is consistently growing, so the impact these emissions have are of
increasing concern. It is unknown how much exact impact the industry has on the
environment and people’s health, but ongoing efforts to model and predict the
aviation industry’s exact impact are under way. Difficulties in monitoring and
correctly modeling aircraft emissions hinder many viable mitigation efforts.
However, new strategies are being developed to reduce the impact that the

growing market has around the world.

Aviation Industry
The aviation industry is one of the largest markets in the world. Roughly

2.2 billion passengers are moved annually by air transport and the industry
globally employs 32 million people (Gil et al. 2013). It is estimated that the
industry has an economic impact of 3,6 billion USD. This represents almost 7.5%
of the world domestic product. Figure 1 shows the international and domestic
growth in air travel markets in revenue passenger kilometers (RPK) from 2007 to
2012. RPK measures traffic for airline flights by multiplying the distance the flight
traveled by how many revenue-paying passengers were aboard the flight. Itisa
standard unit of measure in the transportation industry. Figure 1 was obtained
from the International Air Transport Association (IATA) December 2012 Air

Transport Market Analysis. The figures indicate a steady growth in international
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and domestic travel and the industry in general (IATA 2013). Specifically there is a

dip in the market during 2008 which corresponds with the onset of the economic

recession in the United States. The figures on the right show air travel market

growth by region for the months of November 2012 and December 2012. The

graphs indicate little variation in growth between each month and show an overall

growth in the industry worldwide with the exception of India’s domestic travel.

With such a strong global presence, it becomes increasingly important to

evaluate the environmental effects of air transport. The aviation industry is
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Figure 1 — Total domestic and international air travel market growth measured in
revenue passenger kilometers (RPK) from 2007-2012 (IATA 2013).
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responsible for 2% of total anthropogenic CO2 emissions and estimated to increase
to 3% by 2050 (IPCC TAR 2001).

Air travel is the most energy intensive form of transport (Gossling et al.
2007). Figure 2 brakes down the European travel by mode of transport in 2000
with regard to number of trips, distance traveled and percent GHG emitted, and
also makes projections for 2020 (Peeters et al. 2005). Air transit clearly makes up
the majority of tourism mode of travel GHG emissions. As the largest GHG
emitter in the European modal split, the importance of mitigation research

becomes clear.

Greenhouse Gases
In addition to the emissions produced from ground activities at airports,

aircrafts produce a considerable amount of pollutant emissions into the
atmosphere. GHG emissions from jet fuel combustion are estimated to increase
between 200 and 500% from 1995 values by 2050 (Olsthoorn 2001).

Typical aircraft jet emissions are shown in the flow chart in figure 3

(Weubbles 2007). These include GHG such as carbon dioxide (CO.), water vapor,

EU25 outbound tourism 2000 modal split EU25 outbound tourism 2020 modal split
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Figure 2 — European modal split of total trips, mobility measure in distance actually
traveled and GHG emissions for outbound tourism in 2000 and projected in 2020 (Peeters
et al. 2005).
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ozone (O;), nitrous oxide (N,O) and methane (CH,) in addition to other radiative
forcing sources such as sulfur oxides (SOx) and soot.

CO, emissions are the most understood and well-studied pollutant from jet
engine emissions. Table 1indicates that CO, makes up the majority of the
environmental impact from aircraft jet engines. (Macintosh et al. 2009). CO, had a
radiative forcing value of 25 mW/m?, while the total radiative forcing impact from
aircraft emissions was 48mW/m?. Radiative forcing is defined by the IPCC as the
change in irradiance at the tropopause after allowing the atmospheric
temperatures to return to radiative equilibrium (IPCC 2007). The impact of this is
further explained in the Environmental Impact section of this report. Figure 4

shows the same trend is true when looking at global anthropogenic GHG sources.

JetFuel CH,+S —
i [ — ////
Air e
q . Ideal Combustion:
CO; + H,0 + N, + O, + S0,

N, + 0O,

Actual Combustion:

CO; + Hy0 + Ny + O3 + NOy + HC + CO + Cyp0r + SOy

N,O + CH; + O3

Figure 3 — This schematic shows the climatic impacts of aviation by-products (Weubbles
et al. 2007).
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Table 1

Radiative forcing due to aircraft emission in 2000 (Macintosh et al. 2009

Emitted Pollutant Radiative Level of
Forcing Scientific
(mW/mz2) Understanding
CO2 25 Good
NO,
O3 22 Fair
CH4 -10 Fair
H20 2 Fair
Contrails 10 Fair
Cirrus 30 (10-80 range) Poor
SO -3.5 Fair
Soot 2.5 Fair
Total (without cirrus cloud effects) 48

1. NOx emissions O3 in the troposhere and removes CH4 from the atmosphere
resulting in negative forcing
2. 2.Sox emissions form sulfur aerosols which reflect heat, resulting in a negative

forcing effect.

CO, emissions from fossil fuel use make up the overwhelming majority of
anthropogenic GHG emissions, around 57%, with roughly 13% of those GHG

emissions coming from the transportation industry (IPCC 2007).
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Environmental Impact

Once released from jet fuel combustion, GHGs enter the atmosphere, where

they have both a direct and indirect effect. Some of these gases start out as inert,

but may react with other chemicals in the environment to produce an entirely

different pollutant. The environmental impact of these newly released pollutants

may be in the form of radiative forcing, ozone depletion, or some other impact on

the global climate. For example, pollutants like CO, have a direct warming effect

on the atmosphere. Meanwhile, NOx will oxidize in the atmosphere with CH,,
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Figure 4 — Global anthropogenic GHG sources in 2004 (IPCC
2007).

removing the high
global warming
potential pollutant
from the atmosphere,
resulting in a cooling
effect. However, it will
also react in the
troposphere and form
O;. The net reactions
from the NOyreactions
are still positive due to
the large impact that
O; has on the

environment.

Planes only fly in
the troposphere, but
the effect of these jet
engine emissions
transcend into the

stratosphere. The
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ultimate environmental impact of these released pollutants will vary. Table 1
summarizes these pollutants and quantifies their impact by calculating the
amounts of radiative forcing from global aircraft emissions in 2000. Radiative
forcing is the change in net energy of the earth and its atmosphere associated with
an external factor. It can be calculated from the entering shortwave radiation to
the atmosphere minus the exiting shortwave and longwave radiation. In the case

of GHGs, radiative forcing refers to the shortwave radiation entering Earth’s

atmosphere and getting absorbed by the GHG. It also occurs when outgoing

v~ ¢ Greenhouse Effect

As solar radiation travels back into the atmosphere,
> some of itis absorbed and trapped by greenhouse

gases , resulting in a warming effect on the Earth and

) ‘ atmosphere. This is called radiative forcing

Some of the solar radiation is absorbed by
the Earth’s surface, the rest is reflected
back into the atmosphere

Figure 5 — A schematic of the greenhouse effect. Solar radiation enters the Earth’s
atmosphere, is absorbed by the Earth and the remainder gets reflected back into the
atmosphere. While most radiation exits the atmosphere, some is trapped by greenhouse
gases. This is called radiative forcing.
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TU-154-M 5960 1.32 0.2

CRMOOER 1060 006 003
Dornier328lt 870 006 003

DHCB20O 60 0 002

Source: IPCC (2006)
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