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Abstract—In recent decades, the emissions of air transport
industry pollutants and their impact on human health attract
increased focus. The continued growth of air traffic and public
awareness has transformed this field into one of the most
important topics of commercial aviation. In the next 20 years, the
estimated global demand for air transport will grow by an
average of 5%. One of the direct consequences would be the
increase in emissions, affecting significantly the communities
around airports. The aim of this paper is to present an
econometric model forecast of pollutant emissions generated by
domestic flights in Salvador Airport. This model includes a
derivative study of demand until the year 2020, considering the
number of flights and emissions generated in the takeoff and
landing cycles. Results present a predictive model for the number
of pollutant emissions.
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1. INTRODUCTION

In recent years, the environmental effects of aviation, the
impact of aircraft engines on the emission of pollutants and the
consequences on health and quality of life of the residents,
have become major discussion points. The energy consumption
of the primary world increased by 2.2% in 2017 [1]. Moreover,
fossil fuels are the most dominant energy source by a rate of
85% [2]. The burning of fossil fuels emits pollutants such as
nitrogen oxide (NOy), carbon monoxide (CO), carbon dioxide
(CO,), sulphur dioxide (SO,), and other harmful gases [3].
Emissions from diesel fuels contribute to the occurrence of
many respiratory, cardiovascular and cancer diseases. Besides
air, water and soil pollution, these emissions cause visibility
reduction and contribute to the global climate change [4]. One
liter of combusted diesel fuel produces 2.9Kg of greenhouse
gases, while one liter of combusted petrol produces 2.7Kg [5].
According to [6], mobile sources, such as various fuel type
engines, directly emit CO,, methane (CHy), nitrogen oxide
(N20), CO, non-methane volatile organic compounds
(NMVOCs), SO,, Particulate Matter (PM), and NO, that cause
or contribute to air pollution. The aim of this paper is to
conduct a prediction study about the emission of pollutants at
Salvador airport. This airport has the largest passenger and
takeoff traffic in the Northeast region of Brazil. At first, the
projected demand for the airport was used [7]. Consequently, a
derived study for the emission of pollutants until 2020 was

Corresponding author: Daniel Alberto Pamplona

Claudio Jorge Pinto Alves

Air Transportation Department
Aeronautics Institute of Technology
Sao Jose dos Campos, Brazil
claudioj@ita.br

conducted, using data from the Intergovernmental Panel’s on
Climate Change (IPCC). The academic gain is achieved
through the prediction of passenger’s demand and the
estimation of the emission of pollutants by regular flights.
Unlike other studies, this emission forecast is not limited to a
single model of aircraft, but studies various aircraft types.

II.  LITERATURE REVIEW

Civil aviation as a cause of air pollution has attracted an
increasing importance over the years, since the overall air
traffic, conforming to former evaluations, is predicted to
expand in the present and the upcoming decades [8]. Field and
data investigations have showed an interrelationship between
pollutant concentration and aircraft traffic at airports in the US
and Europe [9]. In [10], the environmental impact of civil
aviation was analyzed, given the high fuel consumption and the
increase of the CO, emissions. In [11], the importance of
studying the impact on airport neighborhoods in a wide range
of areas was pointed out, including the case of air pollution.
The local impact of Zurich’s airport traffic was studied in [12],
examining additionally the variation of pollutant emissions.
The ultrafine Particle Number Concentrations (PCNs) emitted
at high rates by jet aircrafis at Logan International Airport
(Boston, MA, USA) were examined in [13]. Results showed
that PNCs were positively correlated with flight activity after
considering weather conditions, time of day, week and traffic
volume. The global impact of aircraft emissions near the Los
Angeles International Airport (LAX) was assessed in [14],
comparing the airport’s with the vehicular emissions on roads.
Particle accumulation was, on average, 4.1 = 1.2 times higher
at LAX’s neighborhood than the considered freeways. Results
revealed that LAX airport was a main source of pollution
within its area of impact, compared to freeway emissions.

Health damage functions varied across airports for each
precursor-pollutant relationship modeled in [15]. The variable
patterns among health damage functions led to variable
contributions of emitted pollutants to total health impacts
across individual airports. Two measurement campaigns of
total PNC, near a medium-size airport in central Italy
(Ciampino airport), were implemented in [16], implementing
statistical regression models relating PNC data to the presence
of aircraft activities. In [17], the air quality and climate benefits
of holding aircrafis at their gates for up to 25 minutes to reduce
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congestion minimizing fuel burn and emissions from taxi
operations by 35-38%, relative to no gate holds, was estimated.
The future growth of aviation, the resulting fuel demand and
the deployment of biofuels in the aviation sector in Europe was
studied in [18], projecting data for aviation growth and fuel
demand on a year-by-year basis up to 2030. Outdoor and
indoor PNCs from 16 residences located in two study areas in
the greater Boston metropolitan area were investigated in [19].
Results indicated that aviation-related outdoor PNC infiltrate
indoors and resulted in significantly higher indoor PNC,
providing evidence for the impact of aviation-related emissions
on residential exposures.

Emissions from the engines are approximately 70% CO,,
slightly less than 30% H,O and slightly less than 1% for NO,,
CO, SO and NMVOC. Modern engines emit low levels of
N,O. CH, emissions can occur when the aircraft is idle, while
modern aircrafts emit low levels of this gas. Aircraft operations
are divided into Landing/Take-Off (LTO) cycle and cruise
flight for the calculation of pollutants emissions [20]. Air
pollutants, may have detrimental effects and environmental
impacts and PM is one of the air pollutants affecting, by severe
ways, public health. An increment in respiratory diseases is
usually linked to PM pollution, mainly due to PM10 and
PM2.5 air pollution [21]. CO,, a non-combusted gas released
when fuels with carbon composition are combusted, is a
substantial criterion of an engine’s exhaust emissions. CO
emissions are colorless, odor free and toxic. PM air pollution is
an air-suspended combination of solid and liquid particles
depending upon size, shape, surface area, number, chemical
arrangement, solubility, and origin [22]. CO is responsible for
cardiovascular diseases, especially in persons with heart
problems. NOy cause lung irritation and lower resistance to
respiratory infections. NMVOCs are responsible for eye and
respiratory irritations, headaches, dizziness, visual disorders,
and memory impairment [6]. IPCC data were used to determine
CO,, CHy, N,O, NO,, CO, NMVOCs and SO, emissions.
When on ground and during the LTO cycle, an aircraft
produces approximately 10% of its emissions, except
hydrocarbons and CO. The LTO cycle includes emissions
during takeoff and landing below 3000 feet height [23].

This study uses a prediction of passenger demand model to
estimate future environmental impacts, in relation to the
emission of pollutants by regular flights in an airport, taking
into account the variety of aircraft types.

III.  ESTIMATION MODEL AND RESULTS

The projected demand for the Salvador airport, as studied in
[7], was used to assess the impact of the economic growth in
the number of domestic passengers. It was estimated that an
annual economic growth of 1% would increase the number of
domestic passengers by 0.744%. Initially, the impact of 1, 2, 3,
and 4% of annual economic growth and the direct increase in
the number of passengers was simulated. The results are shown
in Figure 1. The expansion of passengers would lead the
airlines to increase the number of flights, increasing the
emissions of pollutants. A conservative annual economic
growth of 1% was chosen and the flight schedule of July 2015
was used for the prediction of the total number of commercial
aircrafts operating annually. Table I shows the percentage of

aircraft types operating per week. An average aircraft
passenger occupancy rate of 80% was used for total passenger
estimation. Figure 2 shows the passengers’ forecast from 2014
to 2020. Figure 3 shows the total number of aircrafts, per
model, in the period from 2014 up to 2020.
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Fig. 1. Time series of the predicted number of passengers
TABLE L PERCENTAGE OF AIRCRAFT TYPE PER WEEK
Aircraft model | Participation (%)
A318 4
A319 3
A320 31
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Fig. 2. Passenger’s forecast by aircraft type from 2014 to 2020
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Fig. 3. Time series of the predicted number of aircrafts by type
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Figure 4 shows the total emission of pollutants estimated
per year, where rows have their values represented on the left
axis and columns on the right axis.
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Fig. 4. Total emissions of pollutants estimated in Kg per year

Results show that the increase in air transportation demand
will lead to an increase in the emission of pollutants. In the
present study, a constant growth of demand of 0.744% per year
would lead to a 65% increase in the emission of pollutants on
2020. The increase of gas emissions could lead to an increase
to heart and respiratory diseases, among others, in the airport’s
surroundings. This notes the concern that should be taken with
aviation and its effects on health.

IV. CONCLUSION

In recent years, researchers have become more interested in
the environmental effects of aviation. The aim of this article
was to study and predict the emission of pollutants at Brazil’s
Salvador Airport. The study showed that increasing demand
would increase the emission of pollutants, affecting the areas
and the population living around the airport. The main problem
of this method is that LTO data are only available for
scheduled flights. General aviation flights, helicopters,
instructional or leisure flights are not included in this
methodology. In most countries, the emission levels of these
flights would be insignificant, but may be significant,
depending on country and region. In this study, these flights
were considered insignificant.

Civil aviation is predicted to expand in the present and the
upcoming decades. Academic studies have showed an
interrelationship between pollutant concentration and aircraft
traffic at airports, highlighting the importance of studying the
impacts in airport neighborhoods in a wide range of areas,
including air pollution. Studies should focus on airport base,
since there is variability on aircraft fleet and traffic. Companies
that have market dominance are those that emit more
pollutants, bringing consequences to people living close to
airports. Moreover, ways to compensate the community should
be thought out. Future studies should focus on this aspect,
seeking to investigate in the increase of flight frequency and
hospital admissions. These findings point out the need for more
environmental studies examining aircraft emissions in
populated areas close to airports.
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