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Figure 1: Emission intensity International Aviation 1990- 2005 

Introduction 
The aviation industry receives a vast amount of attention as a contributor to climate change due to the emission of greenhouse gases at high altitudes. While it 

is currently not a major contributor of global warming, emissions and the high growth trajectory for air travel nevertheless make aviation a significant factor for 

the future. Recently, the first international agreement was achieved between 191 ICAO member states to implement a Carbon Offset and Reduction Scheme for 

International Aviation. Passengers and the public in general are aware of aviation’s contribution to climate change based on what is published in the media, given 

by influential organizations and re-used in other publications. This factsheet provides information that is not so prevalent about the impact of GHG’s with high 

radiative forcing: namely carbon dioxide (CO₂), nitrogen oxides (NOx) - as they effects ozone and methane -, water vapour, contrails and cirrus clouds. The text 

will also discuss the feasibility of biofuel as a sustainable option. 

tends to misrepresent the (scientific) uncertainty around climate change 
because a much of this comes from persons involved in the aviation industry 
(Becken, 2007, pp.352). However, it is also influenced by international 
environmental organizations such as IPCC and UNEP. As research has shown, 
CO₂ is one of the main contributors to the global warming effect. In early 
stages, research suggested that emitting these gases at high altitudes had a 
significant effect. Later, it was found that the effect of CO₂ is the same at any 
altitude. On the other hand, NOx does have more of an effect at higher 
altitudes (Lee, 2010). The emissions of NOx can have both positive and 
negative effects. NOx has warming effects because it can lead to the 
production of ozone. On the other hand, the emission of NOx can also lead 
to the formation of Hydroxyl (OH) which can in fact remove pollutants from 
atmosphere, such as harmful GHG methane (CH₄). NOx 

Carbon Dioxide and Nitrogen Oxide Emissions 
In 2015, aviation produced 781 million tonnes of the 36 billion tonnes of 
human-induced CO₂, which account for 2% of the overall human-induced 
CO₂. Overall CO₂ from global civil aviation increased from 400 MT to 650 MT 
between in 1994 and 2004. However, the emission intensity of international 
aviation also improved by 40% between 1995 and 2005 (Figure 1). This was a 
consequence of 3 factors: changes in air traffic management, improvements 
in aircraft engine and design, and an increase in load factor. The results from 
two Intergovernmental Panel on Climate Change (IPCC) reports (1999 & 2007) 
clearly indicate that improvements have been made. IPCC: “Aircraft are 
estimated to contribute just 3.5 % of the total radiative forcing by all human 
activities and this percentage, which excludes the effect of possible changes 
in cirrus clouds, is projected to grow (1999). A subsequent report in 2007 
stated the following: “Due to developing scientific knowledge and more 
recent data estimates that have lowered the climate effects of contrails, 
aircraft in 2005 are estimated to contribute about 3.0% of the total 
anthropogenic radiative forcing by all human activities.” Even with such small 
percentages, sustainable aviation is constantly in the news. How does the 
public (and how do travellers) see aviation’s contribution to climate change? 
The media plays a significant role in the representation and public perception 
of climate change. “Climate change reporting by journalists often lacks 
accuracy, is subject to distortions and 
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Figure 2: Development of United States Air Travel Emissions and their relative share 

 

Figure 2 provides an analysis of United States (relative) emissions, aviation 
growth and energy share from data gathered by The Oak Ridge National 
Laboratory (2013). The left vertical axis depicts the absolute value for the 
energy intensity of total air travel, energy intensity per passenger and 
revenue aircraft miles flown.  The right vertical axis  displays  the relative 
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molecules can lead to ozone formation, but because they destroy CH₄, this 
leads to a decrease in the stratospheric ozone layer (Penne et al., 1999). This 
positive effect is dependent on the altitude at which it is emitted as well as 
the location. Ozone is a short-lived gas and most of its warming effects take 
place in the Northern hemisphere. While CH₄ breaks down more quickly than 
CO₂, it takes longer to dissipate than ozone and the effects are global. Even 
though aviation has grown steadily over the years, numerous efforts to limit 
emissions from air travel have resulted in a significant decline of relative 
emissions. When relative emissions for the United States are expressed in the 
form of BTU per passenger – and thus the energy intensity of air travel – 
aviation seems to have caught up with cars and transit buses (FAA, 2015). 

percentage shares for the energy shares in non-highway transport modes 
and the total energy intensity. This figure shows us that while air travel and 
therefore emissions have increased, a decrease is seen in the energy 
intensity per traveller. Moreover, between 1970 and 2011, the energy 
intensity shares of air travel in non-highway transport and the total transport 
do not show a noteworthy increase or decrease. Consequently, one could 
conclude that despite absolute growth, air travel itself has become 
significantly more efficient over the past four decades. 

Water Vapour, Contrails and Cirrus Clouds 
Contrails are line-shaped clouds formed by aircraft engine exhaust. These 
contrails are formed when the engines exhaust water vapour at high 
altitudes with low temperatures. They consist of water in the form of ice 
crystals. In some cases, the contrails evaporate or grow depending on 
whether humidity is high or low. The contrail can evaporate if humidity is low 
or can persist and grow by taking water from the atmosphere if humidity is 
high. Fading and short-lived contrails due to a lack of humidity have a 
significantly smaller impact (Ponater et al., 1996). Water vapour is a 
dominant GHG (Held and Soden, 2000). Yet, the exact behavior and 
climatological impact has not been as well understood scientifically as other 
gasses. Other than carbon-dioxide, water vapour impacts the climate more 
locally due to cloud forming. Linear contrails and spreading contrails 
generally have a positive net effect on radiative forcing and therefore warm 
the atmosphere (Lee, D. et al, 2010). However, widely spread and thicker 
cirrus clouds block solar radiation from reaching the earth’s surface. In such 
cases this effect dominates the infrared greenhouse effect (Fu and Liou, 
1993). Since this effect is at its maximum during the day, contrails tend to 
have a negative radiative forcing effect during the day (a cooling effect) and 
a heating effect at night (Meerkötter et al., 1999). Therefore, a shift in flight 
times towards daylight periods will reduce radiative forcing caused by 
contrails (Stuber et al., 2006). 
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sectors up to 2050 (ACARE, 2010). When looking at the set goal to reduce 
emissions from aviation by 50% between 2005 and 2050, projections suggest 
that improvements in aircraft efficiency will only go so far in decreasing 
emissions. Alternative fuels will be able to play a larger part than 
technological improvements in meeting these standards and reducing overall 
aviation emissions (Figure 3). Renewable aviation fuels must therefore have 
a similar technical performance to fossil kerosene if they are to be used in 
the current generation of jet engines. This means that some of the fuel 
alternatives considered for road transport (e.g. ethanol, hydrogen, 
electricity) do not provide a viable alternative, and that biofuel is the only 
solution (SWAFEA, 2010). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Breakdown of reduction options from aviation up to 2050 
 

Aviation Application 
The worldwide aviation industry consumes 1.5 to 1.7 billion barrels of 
traditional jet fuel annually. The expected growth in aviation fuel demand from 
2010 to 2050 is expected to have a compounded annual growth rate (CAGR) 
of between 2.2% (IATA, 2010) and 3.0% (ACARE, 2010). This means an 
increase from 215 million tonnes in 2010 to between 460-630 million tonnes 
in 2050. Fuel costs are 30-40% of the total operating costs for airlines, so 
biofuels are an economical driver as well as being sustainable – and they can 
mitigate the risk of fluctuating fossil fuel supply because of the  

Table 1. Radiative forcing 
aviation emissions 2000 
Agent Radiative 

forcing 
(mW/m2)a 

Scientific 
understanding 

CO₂ +25 Good 

NOx   
O3 +22 Fair 

CH4 -10 Fair 

H2O +2 Fair 

Contrails +10 Fair 

Cirrus +30 
(range+10 
to +80) 

Poor 

SOx -3.5 Fair 

Soot +2.5 Fair 

 

Routes to Reduce Cirrus Cloud Formation  
The difference in distribution of GHG over the atmosphere and the local 
effects of contrails imply that local damage to the environment could be 
mitigated if this matter is understood sufficiently.  Consequently,  aircraft 

 routing could be reviewed 
accordingly. The arctic region has a 
vulnerable (less stable) atmosphere, 
and could benefit from aircraft flying 
around it (Jacobson et al., 2012). 
However, Jacobsen et al. (2012) also 
found that rerouting would increase 
overall fuel use by 0.056%. On the 
other hand, arctic emissions would be 
reduced by 83%, resulting in delayed 
arctic warming. Moreover, a study on 
aircraft emissions in the North Atlantic 
Flight Corridor shows that emissions 
migrate in a North-Easterly direction 
and tend to 

cluster over the Arctic, negatively enhancing climate change (Forster et al. 
2003). Not only is there proof that avoiding flight over certain areas might 
slow down negative climate change, a study by Jelinek et al. (2005) 
researched re-routing of aircraft to avoid humid airspace areas, thereby 
reducing contrail-cirrus cloud formation. Despite the small scale of the usable 
data gathered in this study, it does provide a basis for further research on 
this topic. This is especially relevant when one considers that the radiative 
forcing value of cirrus clouds is much greater than CO₂ (Table 1). 

 

The Feasibility of Biofuel as an Alternative Option 
The aviation industry generates 62.7 million jobs worldwide and has an 

economic impact that is estimated to be equivalent to 3.5% of the 2014 GDP.  

Aviation is  expected to  be  one of  the  strongest  growing transport 
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local availability of biomass and stable price levels. Currently, biofuel is a 50% 
blend with normal Jet A1 kerosene and has the same or even better 
performance with regard to original kerosene. The question: if biofuel is a 
realistic, feasible and viable alternative; why it is not implemented on global 
scale in the industry yet? 

 
Circular Perspective 
Current ‘first generation’ biofuels can play a role in the short- to medium 
term, but are constrained in their potential. Sustainable biomass feedstock 
is the key to the sustainable and circular use of biofuels, and the use of 
biomass for material and fuel use will always displace other uses. This will 
remain true as long as ‘higher value applications’ (food production, high 
conservation areas, leisure) are not displaced, if the side effects are far less 
negative than the usage of fossil fuel, and if food security and biodiversity are 
not sacrificed. This means that the use of biofuel may have a greater negative 
impact than the emissions of fossil fuels. The impact of bioenergy on social 
and environmental issues is positive or negative depending on local 
conditions (SRREN, 2011). 

 

Part of the feedstock will come from waste streams (such as grease and fat). 
Other components will come from oilseed crops (rapeseed, camelina, 
jatropha, etc.). Feedstock for the Hydro-processed Esters and Fatty Acids 
(HEFA; also known as HRJ and Bio-SPK) route should be selected carefully to 
minimize negative ecological and social effects as much as possible. The right 
settings for feedstock design are essential. The evidence so far for the 
already-certified FT- and HEFA- drop-in biofuels is that they can have a benign 
influence on non-CO2 emissions, as they have far fewer aromatics and 
impurities. Studies such as SWAFEA also indicated a reduction of soot, which 
could positively influence the formation of contrails. However, this will not 
necessarily be true for other production pathways still undergoing 
certification, some of which include the formation of aromatics. Empirical 
emissions characteristic evidence for these pathways is still lacking, and 
research will be needed. (European Commission, 2013). The availability of 
production capacity makes HEFA technology the only realistic option today 
to produce significant volumes of sustainable jet  fuel 

on a commercial scale. Clearly, the sustainability of alternative aviation fuels 
depends on many factors. To make the right decisions now and in the future, 
it is important to make sure to mitigate the impact of the biofuel production 
process. For example, SkyNRG, the preferred supplier of biofuel for KLM, is 
advised by an independent sustainability Board consisting of the Dutch wing 
of the World Wide Fund for Nature (WWF-NL), Solidaridad, and The Energy 
Academy. Generally speaking, the Board advises SkyNRG on all aspects 
related to the impact sustainability can have on the business. 

 
The goal is to implement biofuel to keep the aviation’s CO2 footprint at the 
same level per Air Traffic Movement (ATM) in 2050. However, the number of 
ATM’s is increasing extensively due to emerging market shifts and regional 
developments. More research should be conducted in terms of quantifying 
the CO2 emissions per ATM by means of a ratio analysis, keeping the impact 
of the biofuel process in mind as an independent factor. Biofuel can be a 
sustainable solution for the todays CO2 emission problem –and more 
importantly for the future of aviation up to 2050 – if the process has the right 
settings of feedstock design based on local environmental characteristics. 

 

 

Discussion 
This research discovered a lot of opposing information regarding the impact 
of emissions from aviation. Perhaps, scientific research should focus on 
understanding the impact of cirrus clouds on climate change extensively, 
considering their impact might be even greater than CO₂. The focus on the 
aviation industry as a contributor to climate change might solely be based on 
the fact that it is expected to be one of the fastest growing transport sectors. 
The emphasis seems to be on the impact of CO₂, and while research has 
shown that CO₂ doesn’t make a difference at higher altitudes, many 
publications state otherwise. Furthermore, biofuel is a much-publicized 
option to reduce aviation’s carbon footprint. Articles suggest that the use of 
biofuels can reduce CO₂ emissions by 80% or more. With these objectives in 
mind, the production of biofuels and the impact of attaining the biomass to 
meet the objectives might not be that sustainable.  This would make biofuels 
more of a 
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research curiosity than a practical option to achieve a profound reduction in 
emissions, and would only lead to incremental changes such as the emission 
trading scheme, carbon offsetting, more efficient aircraft, and so on. It might 
be a good idea for research to focus on a several (technological) options that 
collectively achieve reductions in emissions and their impact, while we await 
a radical option to reduce emissions. 
 

Glossary 
 Emission Intensity: the amount of emissions per unit of economic output 

(e.g. GDP). 

 Radiative forcing: the measurement of the capacity of a gas or other 
radiative forcing agents to affect the balance between incoming solar 
radiation and outgoing infrared, thereby contributing to climate change. 
Positive radiative forcing leads to warming and negative has a cooling 
effect. ⁱ 

 Non-highway transportation: sources other than highway transport: Rail, 
Air, Pipeline and Water transport. 
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Dutch Summary 
De luchtvaart wordt dikwijls geassocieerd met luchtvervuiling en 
klimaatverandering. Maar hoe vervuilend is de luchtvaart daadwerkelijk en 
welke aspecten en oplossingen zijn er om deze tastbare vervuiler in te 
perken? Ondanks de sterke groei van de luchtvaart is het aandeel uitgedrukt 
in energie-intensiteit praktisch ongewijzigd gebleven sinds 1970. 
Verschillende broeikasgassen kennen verschillende effecten, waar de 
uitstoot van NOX en waterdamp meer lokale gevolgen voor het klimaat met 
zich meebrengen dan bijvoorbeeld CO2.  
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Het omleiden van vluchten, het aanpassen van de vlieghoogte en het 
aanpassen van vluchttijden helpen bij het minimaliseren van de effecten van 
condenssporen. Daarnaast zou het gebruik van bio-brandstof positief bij 
kunnen dragen aan een duurzamere luchtvaart. De duurzaamheid en de 
lange termijn effecten van de productie van deze brandstof dienen echter 
onderzocht en ter discussie gesteld te worden. 
 

 

This is a Luchtvaartfeiten.nl / AviationFacts.eu publication. 

 
Authors:  Sam van Gammeren, Latifa Parotte, Mick Willems 

 
Copying texts is allowed. Please cite: 

‘AviationFacts.eu (2016), High Altitude Pollutants: The Eye of the Hurricane 

with a Silver Lining 

www.AviationFacts.eu’ 

 
AviationFacts.eu is an initiative by the Aviation Academy at the Amsterdam 

University of Applied Sciences (AUAS). Students and teachers share 

knowledge with politicians and the general public to ensure discussions are 

based on facts. 

 
May 2017 

http://www.aviationfacts.eu/

