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Abstract

This paper will focus on mobility, in particular air- traffic systems. The main objective is to discuss the social, economical and technological hindrances for sustainable development regarding air transport. During the analysis the major historical and current developments will be reviewed. As a result possible future scenarios will be pointed out.
In the past few years air transport has increased drastically. A change in flight behaviour can be observed caused by the appearance of numerous low fare airlines, achievements on such fields as aerodynamic efficiency of airframes and turbojet engines and through the importance of globalisation and the need for connectivity between countries and people. 
All these changes also have a big influence on economic conditions, e.g. the market situation, price regulations with influence on other airlines, government interventions, EU regulations, cross-national regulations etc. The paper will provide an insight in the economical and legislative background of the situation.

Meanwhile electric cars, fuel cells and other efficient technologies have been developed, but so far they have not been applied to air traffic. This fact must be considered to ensure sustainable development. The possibilities for introducing these technologies into air- traffic systems will be discussed within this paper.
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1. Introduction
Have you ever looked up to find several aeroplanes flying in the sky? Aviation has become a very important form of transport in a globalising world for passengers, goods and also for military. 
Even though the increase in air traffic has helped people to travel freely all around the world and has contributed to economic growth, the negative environmental impacts are great.  These environmental damages can be found at a national as well as at an international level, when considering global warming through greenhouse gases emitted from planes and other transport systems. Policy makers and the industry are working on solutions for these problems and are investing in developing new sustainable air transport systems.

Human beings have always had the desire to fly; therefore in history as well as in literature several examples of first flying attempts can be spotted. In this paper the history of air transportation is described, thus the first attempts concerning flying and further developments are highlighted. Air transportation has drastically increased since the 1960’s, nationally as well as internationally. Further growth in air traffic is to be expected. 
Thereafter some current issues about air transport are presented. Additionally people’s attitude and behaviour towards travelling is described. We are now living in a world which is characterised by globalisation. There is a need for connectivity between countries and people. Face- to face interaction is still really important for people, individually or business related. Now that people do have personal contacts at an international level like friends, family or business contacts it is difficult to change these circumstances and go back to a small less connected community or cyber contacts. It would take a long time of “social learning” to change this behaviour.

The second big topic, which is discussed within this paper, has to do with economical aspects. It revolves around the analysis of assumed economical and legislative measures against global warming for example a directive to include aviation into the EU ETS (Emission Trading System). The analysis is based on the evaluation of real situations concerning the topic and data analysis. The other part of this chapter describes the new directive for implementing aviation into the EU ETS and economical impacts. The final part compares environmental policies to reduce the effects of aviation on climate change.

The third relevant topic, which is discussed within this paper, revolves around the technical developments and the environmental impacts of air transportation. Some environmental damage includes noise pollution and harmful emissions such as greenhouse gases and toxic substances. 
For a better understanding of the technical structure of a plane and the individual characteristics some technical flight information is described. It is very important to identify the problems in the aircraft design and inefficient aircraft constructions. This analysis should help to discover necessary alterations for further developments. 

But which alternatives are available to better the current situation and to get rid of the existing problems? Technical changes can involve airframe design, engine technology, airline operations, airspace and airport capacity as well as rising load factors. Recent research shows following possibilities for alternative fuels: bio fuels, hydrogen and ethanol fuels, solar powered planes and electric planes. 

Nevertheless one must not forget that the physical conditions on the ground are different to the ones at higher altitude. This fact makes flying more complex than for example driving a car. Since the car industry have not yet managed to integrate electric cars to workaday life, the further developments concerning aircraft can not yet be foreseen. Or can they?

Research questions
What can be done to make aviation more efficient – in a technological, social and economic way?

· How does the history and the current situation of the air traffic look like?

· What are people’s attitudes and behaviours towards flying? What make people fly around the world? 
· What are possible regulations (worldwide, EU)?
· What are the measures to improve the environmental performance of the air- traffic system?

· Which new and efficient technologies exist nowadays?

· How can aviation technologies be improved?

· How does air traffic contribute to greenhouse gas emission/ global warming?

2. Social aspects
2.1. Historical developments of aviation and current trends

According to an encyclopdia, aviation can be definite as an “operation of heavier-than-air aircraft and related activities. Aviation can be conveniently divided into military aviation, air transport, and general aviation. Military aviation includes all aviation activity by the armed services, such as combat, reconnaissance, and military air transport. Air transport consists mainly of the operation of commercial airlines, which handle both freight and passengers. General aviation consists of agricultural, business, charter, instructional, and pleasure flying; it includes such activities as the operation of air taxis, as well as aerial surveying and mapping.”

The history of aviation

In the past few years air transport has increased drastically. A change in flight behaviour can be observed caused by the appearance of numerous low fare airlines, achievements on such fields as aerodynamic efficiency of airframes, turbojet engines as well as through the importance of globalisation and the need for connectivity between countries and people.
 

Within living memory human-beings had the desire to fly. During history different flying devices or projectiles were built like spears or mechanical pigeon of Archytos in Ancients Greece or boomerangs. Also in literature several stories or legends about flying can be found, like the Icarus in the Greek methodology. When reading about the developments of aviation, several examples of first flying experiences will be found for instance kites in China in the 6th century. Here some major steps are highlighted:

Leonardo DaVinci designed an aircraft called Ornithopter (a wing flapping device), which was not tested but it would have been able to fly. A lot of deployment concerning aviation, certain machines and engines started in the middle of the 19th century in England as well as in France. At the 17th December 1903 the brothers Wright flew the first piloted airplane, which can be seen as a real breakthrough. “N. C. Henri Blériot and Glenn H. Curtiss made significant improvements in airplane design and, as more powerful engines became available, flew successively longer distances.
 A real breakthrough concerning the motivation for aviation research and development was the outbreak of World War I. “The cessation of hostilities made available a large number of aircraft that could be bought cheaply, and the result was a great deal of aviation activity; barnstorming and stunt-flying kept aviation before the eyes of the public for a time, but the real stimulus was the initiation of airmail service in the mid-1920s.”
 In the 1930’s aviation was still expanding. Faster, larger and longer-lasting airplanes could be built because of many technological improvements such as wind-tunnels testing, engines as well as airframe design. Passenger transportation started to achieve profits as a result of several extended routes all over the world. In 1934 PanAmerican Airways (PanAmerican World Airways) started the TransParcific airmail. In 1937 the transoceanic transportation of passengers followed, flights from San Francisco to Manila and to Hong Kong. Finally, in 1939 transatlantic flights for passengers as well as air mail were implemented.

An important aspect in the history of aviation is the development of mass commercial aviation. Military technology became commercial as the former minor military provider Boeing Company finally became the largest aircraft manufacturer in the world. In 1952 commercial jet transportation started. At that time the British Overseas Airways Comet flew from London to Johannesburg. Several commercial jet aircrafts were used by 1960, also nowadays jet or turboprop aircrafts are in service for commercial air routes. Another important improvement was the invention of the fly-by-wire system, based on computers and electronics, instead of cables to operate aircraft control surfaces. “The result has been the explosive growth of commercial aviation, from jumbo jetliners to overnight package services, while general aviation has lagged behind. This growth has not been without some major problems. Jet aircraft use more fuel and require longer runways and more durable construction materials, and their sheer numbers create special problems for air-traffic control. In addition, the takeoff and landing of jet aircraft over populated areas create locally dangerous levels of noise pollution.”
 Further information on these issues can be found in chaper 3. 

Current trends and predictions for the future

Nowadays air traffic can be seen as the fastest growing transportation sector, nationally as well as internationally.
 “The aviation industry has grown rapidly and has become an integral and vital part of modern society.”
 There were some drops because of September 11 but these can be seen as short period declines decreases. Experts predict greater increase in air transportation in the long run.
 
One reason for the increase is the world economy. A lot of public benefits can be detected because of air traffic like increase in employment, prosperity, increased trade as well as new travel and tourism prospects.

Aviation has become an important invention as it allows the transport of goods as well as people for a well connected world.
 “Commercial aviation has undergone enormous growth over its relatively short history as the globalisation of industry and commerce has increased and air travel’s relative affordability has contributed both to a boom in international tourism and to a large rise in the volume of air freight. Air transport has become an integral part of many people’s lifestyle and its continued growth is taken for granted by many.”

As afore mentioned not only passenger transport has been rising, but also transport of freight has been growing very fast. “Originally air freight was used only as a way to fill excess storage space in passenger aircraft, but as wider bodied planes were developed, freight transport became an important activity in its own right.”
 
Apart from commercial and freight aircraft a major proportion belongs to military aircrafts. 
 18% of the world’s fleet were military aircraft in 1992 and according to predictions it will be 7% in 2015. “The performance requirements of military aircraft suggest that, compared to civil aircraft, they are likely to produce proportionately more emissions of some climate-changing pollutants, oxides of nitrogen in particular.”

In the last 30 years air transport has approximately increased five fold, which has also been crucial for the economic growth worldwide.
 For the last few years civil aviation has been growing as fast as no other form of transportation. Aviation has become a mean of mass transportation, because of sharp drops in price levels.
 “The environmental problem of air transport is aggravated by tax privileges and direct and indirect subsidies, which artificially stimulate the boom in air travel.”

There are many reasons for the increasing mobility. According to Armbuster one of the main reasons are the economic and technological developments in the 1930`s. In particular the developments of the automobile industry are decisive, which is often described as the engine of the economy.
 First a higher mobility could be seen in the industrialized countries because of serial production. Hence major parts of the population could afford to buy cars.
 As a consequence behavioural patterns and ways of living changed. A certain mass mobility was developed. People started to believe that they do have a right of individual mobility because of the possession of a car, which made it easier to travel individually, faster, far away and more often. Additionally airplanes and trains are important ways of travelling today.

Aviation enables people to reach destinations in a fast and comfortable way. However, in the recent years people realised that their actions do have consequences as well as impacts on the environment and on climate change. Nowadays people have enough information about greenhouse gases or the ozone hole to understand the consequences.
 People need to consider these consequences of flying such as emissions, noise disturbance, land consumption, radiation exposure and climate. Therefore it is crucial to think about air traffic and the environment as connected parts.
 It is obvious that we need to protect the environment. This cannot be achieved solely through new technologies, also aspects of mobility need to be considered.

“The challenge we face is to deal with the pressures caused by the increasing need to travel whilst at the same time meeting our commitment to protect the environment in which we live.“
 Air transportation plays a major role for the economy, for the manufacturing as well as the service industry.
 “By bringing people together, airlines contribute to business, to political understanding and to cultural interchange. Through the facilitation of exchange of knowledge and ideas, aviation acts as a spur to innovation and stimulates economic growth and development.”
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Fig 1: Growth of air travel

Graph 2: Air travel development
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Fig 2: Air travel development

In Fig 2.1 and 2.2 it is shown that air traffic activities are increasing drastically. The first one gives an overview of the developments from the 1970’s to 2005 (when the data was collected), as well as predictions for 2020. The second graph describes the developments from 1995 to 2007.

The data collected from 2005 and 2007 predicts a further growth of air transportation. However the financial crisis causes a change in air traffic movements. Thus in the end of 2008 and in 2009 a sharp fall in passenger demand also regarding freight transportation as a result of decreased international trade and the fluctuation of oil price can be seen.

2.2. Aviation as a social achievement, social question and privilege

Nowadays we are living in a globalised and connected world and people have business and/or private contacts all over the world. Concerning individual or business contacts people prefer face-to-face interaction, for instance personal contact rather than cyber contact. More and more people are travelling because of these private or business related reasons. To change people’s attitude towards their travel patterns it will take time for the “social learning”.
 Flying can be seen as a special form of travelling, it has always fascinated human beings and travelling is an important part of people’s life.

Mobility can be seen as a new social achievement for millions of people. People are able to reach new destinations by flying. However it is not indispensable to life. It is claimed that no time can be saved by using the plane as a way of transport. It is true that the speed is increasing, but the distances are getting longer. To give an example, in former times people took a carriage from the countryside to a town in order to meet certain appointments. Nowadays some people fly from Vienna to Frankfurt in the morning and back in the evening. So, the reasons for travelling remained almost the same but the speed, the distance and the environmental burden changed.
 
Airports serve as a symbol for “freedom of moving” and quality of life. Unlimited mobility is an important part of our lives in our present society. Thus the word “mobile” also means to be independent and free.
 People do not want to give up the social achievements of aviation. Thus tensions between the will to protect the environment and the desire to fly can be detected. On the one hand people want to keep their mobility and on the other hand people want to live in a healthy, clean and unpolluted environment.
 

It is crucial that there is a balance between economic growth, high mobility and environmental protection. The options in order to deal with the environmental burden are the development of new technologies as well as to reduce aircraft activities. Nowadays it is almost impossible to reduce aircraft activities as the economy, and business relations rely on fast and regular air connections. Furthermore people do not want to give up going on holiday trips far away.

There is also a high desire of travelling according to changing population structures and changing values in the society. People have a higher income, more leisure time and shorter as well as more flexible working hours. Additionally there are smaller households, less children per family, and many single households. Finally the people are getting older.
 

As mentioned above high mobility is related to economical well face, therefore a certain mobility is important. It is however questionable whether people should travel wherever they want to and as fast as they want to.

However, flying can be defined as a social question and allocation. Less than 5% of the world’s population has the ability to fly and the lowest percentage of people come from the developing countries. As afore mentioned, people realised that flying does have an environmental impact and it is additionally impacting the global climate problems. No borders exist for climate change and people from developing countries will probably feel the consequences of climate change at first.
 

Furthermore flying is also a privilege. 2/3 of people who fly are from rich countries as they have the opportunity to travel for private reasons. The biggest increase in air traffic movements can be detected for 20 - 30 year olds and people with a high education. In general the frequency of travelling has almost doubled for people with a university degree than for people with not more than a compulsory education. Within rich countries mainly people in privileged positions have higher aircraft activities.
 

Aviation is a public transportation and it is also the way of transportation with the most energy consumption and emission per transported person. Normally public transportation is considered to be environmental friendly and gentle to resources. However this is not true for aviation. Therefore it is decisive that the privileges for air traffic should be disestablished like tax liability, missing considerations of environmental damages. That would be the way that market mechanisms start to work also for aviation since now there is a high growth because of low prices.

3. Economic aspects
3.1. Air traffic

Long distant journeys are not unattainable today. People are able to travel half way around the world in a very short time thanks to developments in the transport sector. Air transport is not only used by individuals for personal needs, but also by the whole economy. It is possible to travel faster and to transport people and goods in higher quantities in record time. Aviation enables more international cooperation and develops entrepreneurial activities compared with the past.

Fig 3 shows the carbon dioxide emissions for each kind of transport sector.
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Fig 3: Carbon emissions in each transport sector

In the European Union the carbon dioxide emissions released into the air by aviation increased by 102% between 1990 and 2006. In the EU 2,96% of the carbon dioxide emissions are released by air transport. This represents 0,7% of the total production of carbon dioxide emissions in the EU.
Table 1 compares the rise of travellers and the CO2 emissions between 1993 and 2003.
Table 1: Number of travellers compared with CO2 emissions

	
	Number of travellers in EU15 [mil] 
	Let-out emission CO2 in civil aviation in EU15 [mil. t]

	1993
	255,7
	15,905

	2003
	427,8
	22,444

	% rise
	+ 67%
	+ 41%


The number of passengers at an international level was 67% higher in 2003 in comparison with 1993, the carbon dioxide emissions rose by 41%. The lower percentage rises can be explained by the tendency of fleet operators to cut costs in exploiting aero fuels and by increasing efficiency among the planes.
3.2. Air transport in an environmental context
The European Union has discussed several possibilities to cut down greenhouse gas emissions by the aviation industry to act against climate change.

One possibility would be to impose carbon tax. This economic instrument would concern all products with carbon dioxide emissions. Goals of this instrument are generally to reduce carbon consumption and to influence consumer behaviour. One indisputable advantage is the large scale feasibility. The principle of carbon tax is discussed in a study by Prof. Whitelegg, which regulates NOx emissions in addition to the tax on carbon dioxide. The final tax adds up to 0,3 EUR per ton of burning fuel for carbon dioxide emissions and 14,31 EUR per ton for NOx. For a better understanding of the procedure an example of the tax calculation is shown below. It demonstrates a flight from London to New York with American Airlines.

Model of aircraft: Boeing 747-400 (310 seats), actual fuel consumption of this flight: 57 t

Tax on carbon dioxide: 57*0,3 = 17,1 EUR

Tax on NOx: 57*14,31 = 11,664 EUR

Total tax on this flight is 28,764 EUR

The second possibility is the expansion of emission trading systems throughout aviation. The Chicago agreement defines that all fleet operators have to undergo the same treatment, except for national flights.

The following framework is discussed:
Table 2: Framework of the Chicago agreement
	Subject of trading 
	Operator of air transport – all planes with a maximum take off weight of 5 700 kg except if specially mentioned in the direction.

	Geographical  coverage
	From 2012 every arrival and departure are taken into account

	Reduced pollutant
	Only carbon dioxide emissions

	Upon Kyoto protocol
	Open trading system – operators can trade with other engaged branches. It is in discussion whether other operators could trade with the aviation sector and to what extent. Furthermore, which measures could be taken to make trades more flexible towards the Kyoto protocol?

	Method of allocating permits 
	The first part of permits will be allocated free by benchmarking and the second part will be sold out in auction.

	Amount of allocating permits
	Average of emissions from 2004 to 2006


By conquering European fleet operators to the EU ETS a decrease of emissions can also be achieved even if there is no significant decrease in air transportation. The participants in the EU ETS will be more motivated to place investments in better technologies to avoid high permit costs.
In an ecological view aviation is undergoing great developments. Some evolve around ecological and economical improvements as well as better aerodynamic properties of the plane, especially through changes in the curvature of the wing’s profile. The first plane with this type of curvature was the Airbus A330, but competing airplane manufacturers also invest in research concerning aerodynamic efficiency of planes. Boeing for instance, labels his new airliners with the mark “NG”, which means next generation and is now developing a more economic type, the B787 Dreamliner.

Economic impacts of the new directive:

The economic impacts affect several matters. The impacts on the profitability of airliners are not assumed to be big. The price elasticity of demand in aviation is low. The airliners could transfer all their costs to the final consumer. The forecasted rise in this sector will be smaller than expected, from 142% to 135%. Impacts on economic competition are not to be expected. In this respect it will influence ticket prices (according to the flown distance) approximately from 4,6 Euro to 39,6 Euro for one return flight. 

Economic impacts on airports are not predicted to occur. The first issue revolves around the geographical location and the second around border guidelines. The geographical location could undergo economic impacts. It is very important how much air space will be controlled by the system. In the future it could be attractive for airlines to transfer their home base outside the EU. 
The border effect is more likely to occur. This system (in its current state) could cause the airlines to change their destination airport to transfer passengers, refuel or even only to shorten flown legs in order to somehow cheat the EU ETS system. For example: a flight leaving America towards the Far East will take advantage of the airports in Reykjavik or Leningrad instead of Helsinki, where EU ETS laws are not being executed.
The influence on ticket prices will depend on the amount of costs transferred to the passengers. The duration of a flight and the final price of the permit will control decisions made by airlines.
Effects on tourism are minimal (if every arrival and departure flight is included). The demand for holidays involving the use of air transportation is limited to 25 % of all holidays. 
 
3.3. A comparison of the transport systems (car, train, bus and plane) with regard to carbon dioxide emissions

The route from Prague (Ruzyň, Czech Republic) to Warsaw (Okecie, Poland) was used for comparing the transport systems. The mileage between the two locations is 550 km for planes, 616 km for cars or buses and 705 km for trains. With respect to the transport time air traffic was the clear winner. The following tables present the transport times of the different transport systems in more detail. 

For the analysis of the intensity of carbon dioxide emissions a comparison of available data concerning emissions caused by each vehicle was made. The most ecological plane known in aviation is the ATR 72-202. This type of plane is a turbo-prop and is used for short distances. The shorter type of this plane (ATR 42-500) shows lower emissions of carbon dioxide, but since its has a lower capacity of seats (46 seats) the ATR 72-202 still remains more ecological. 

The most environmentally friendly vehicle in the automobile transport system is the bus. Even though the bus produces the highest amount of emissions its capacity of seats makes it the best way of transport considering emissions per person.
Table 3:  Analysis of the different transport systems
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Auto (střední třída) 4 616 9:00 118 272 192 48,0 30% 160,0

Dodávka (Transit) 8 616 9:30 160 160 260 32,5 30% 108,3

Autobus 55 616 10:11 616 000 1 000 18,2 50% 36,4


The most harmful vehicle to the environment is the train Pendolino. 

Table 4:  The most harmful vehicle: Pendolino


[image: image5]
Surprisingly a comparison between diesel trains and buses shows that the definite winner is the bus (36,4 g/km/person). It is very interesting that a private car, with an average occupancy of 1 to 2 people per car, causes more emissions than a plane 72-202 (35,1 g/km/person less than a medium sized private car, for example a Fabia or Octavia from Škoda) for the same distance. 
3.4. A comparison of calculated policy tools for aviation

The cost analyses of each possibilities how regulate aviation is engaged on cost for companies flowing from emission trading, carbon tax and cancelation of exception from consumption tax on aviation fuel (the high of tax is from Czech law) 
For the analysis a return flight from Prague to New York with the airplane Airbus A310 (capacity of seats is 207 people – data from Czech airlines) was selected. The air route is presumed once a day at an average capacity of 77% (year report CSA in 2007). The outcome is a mark-up amount on ticket prices in case the full costs have been transferred to the passenger (presuming auction of all permits).
Carbon tax
Table 5: carbon tax for the given example
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The yearly costs of this air route are 9.033,75 Euro, the ticket price should increase by about 0,15 Euro.

Consumption tax

The tax makes up 11.840 Kč, that is 441,79 Euro per 1000l (1000l is appx. 800 kg fuel depending on the outdoor temperature.) (The course between Euro and Kč is 26,80 Kč/Euro)
Table 6: consumption tax for the given example
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The yearly costs of this air route are 16.629.251,71 Euro. The ticket price should increase by 286,53 Euro.

Emission trading

The average ticket price is 17,15 Euro/ton in the year 2008. 

Table 7: Emission trading
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The yearly costs of this air route are 1.575.153,41 Euro. The ticket price should increase by 27,16 Euro.
4. Technical aspects
4.1. Environmental impacts 
In this chapter the main environmental concerns associated with aircraft are explained. A list of abbreviations can be found in the Appendix.
For one we are faced with the problem of climate change. The greenhouse effect is a result of greenhouse gases (H2O, CO2, CH4, NOx, O3, CFC, etc.) in the atmosphere. These gases are responsible for the heating of the Earth’s surface, since they let solar radiation pass, while absorbing emitted infrared radiation. This effect is very important for our living conditions on Earth. Anthropogenic emissions of greenhouse gases like carbon dioxide (CO2) from fossil fuels and methane (CH4) from the cultivation of rice contribute to the heating of the Earth. 
Another concern is stratospheric ozone reduction, which leads to an increased UV radiation at the surface. The main contributors are chlorofluorocarbons (CFC). Regional pollution causes changes in tropospheric chemistry for 10-100 kilometres downwind of the airport. These include in particular emissions of NOx. Local pollution includes both noise and decreased air quality caused by aircraft and also by ground transportation.

Land consumption is also an important issue. The infrastructure needed for airports is horrendous. Further more the cosmic radiation exposure is much higher at high altitude, which has a negative effect on humans.

The following chapters describe the actual fuel consumption, emissions from combustion, as well as noise pollution in more detail.
4.1.1. Fuel consumption

Aviation consumes 2 to 3% of all fossil fuels burnt, which represents 12% of the fuel consumption of the entire transport sector. 75% are consumed by road transport. Aviation depends entirely on low sulphur-based petroleum type fuels. The most common fuel is kerosene, a paraffin oil-based fuel, which is classified as JET A-1.
 
In 2005, the total Jet A-1 fuel consumption represented 55 billion US Gallons (208 billion litres). Therefore the average fuel consumption per flight hour is 970 US gallons (3 metric tonnes). Each tonne of fuel burnt produced 3.16 tonnes of CO2. Considering these facts the total mass adds up to 540 million tonnes of carbon dioxide.
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Fig 4: Aviation Share of World Transport CO2 Emissions

4.1.2. Emissions resulting from the combustion process 
[image: image10.emf]
Fig 5: Fuel combustions and their emissions

In the combustion process of an aircraft engine air and fuel is first mixed together, then they are ignited and burned to produce heat. Emissions are a by-product of the process. Fig 5 compares ideal combustion with real combustion emissions. 
The emissions produced in the ideal combustion process are directly dependent on the chemical composition of the fuel. These are CO2, H2O and SO2. The quantity of these emissions depends directly on the amount of fuel burnt in the engine and on the sulphur content of the fuel.

However, the combustion process that actually occurs involves hundreds of intermediate reactions that produce additional emissions. These include NOx, UHC, CO, soot, SO3 and H2SO4. The quantity of these emissions depends on both the amount of fuel burnt and on the conditions in the combustor, such as temperature, pressure, combustion duration at different air/fuel ratios, etc). 

The amount of CO2 produced is directly related to the carbon content of the fuel. NOx formation is not directly dependent on the fuel composition. It is a function of temperature, pressure and time. The amount of water vapour emitted is directly related to the amount of hydrogen in the fuel and the amount of fuel burnt in the engine. In certain conditions this water vapour will form a condensation trail, which is called “contrail”, behind the aircraft. Contrail formation depends on exhaust properties and atmospheric conditions, such as temperature, humidity and the presence of other particles like sulphate and soot. If the surrounding air is sufficiently cool and moist, contrails may form cirrus clouds. Therefore, the extent of cirrus cloud depends primarily on the atmospheric conditions, not on the amount of water vapour emitted by the engine.

4.1.3. Noise pollution

The noise heard when aircraft flies overhead is the result of many different noise sources added together. The main contributors are engine noises (fan/propeller, compressor, turbine, combustor, jet noise) and airframe noises (airflows around the surfaces and landing gears). One major challenge is the different design requirements for a low emissions aircraft. Some design alterations can achieve both low noises and low emissions. However other design requirements are in direct conflict with each other. The complex interrelationships between the engine and the airframe require collaborative projects to develop noise reducing technologies. This involves engine, airframe and aircraft systems manufacturers sharing expert knowledge.

4.2. Technology

4.2.1. Technical information
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Fig 6: Four forces acting on aircraft

The four forces acting on an aircraft are lift, weight, thrust and drag. In order for the aircraft to take off the thrust force must be greater than the drag force and the lift force greater than the weight of the aircraft. The amount of fuel which must be burned in order for the aircraft to carry a certain payload depends on the energy content of the fuel, the overall energy efficiency, the aircraft range and weight and the lift to drag relationship (L/D).
 The performance of an aircraft differs between the different phases of a flight (take off, landing, cruise, etc.)
. All phases have to be considered, when trying to improve technologies. 
All in all one has to consider that the flying behaviour of a plane is very complex. For example, a plane has to be able to fly slowly in the landing phase, which requires a big surface area of the wings. At the same time this results in higher weight. To be able to achieve more efficient planes a good understanding of all processes and their interrelationships is essential.
4.2.2. Sustainable aircraft technology – technical improvements

Aviation has improved fuel efficiency by approximately 70% since jets were first built. This achievement can be ascribed to developments in airframe design, engine technology, airline operations, airspace and airport capacity as well as rising load factors. More than half of this improvement has come from advances in engine technology.

The main opportunities for reducing fuel burn and emissions through aircraft design are increased wing span, reduced aircraft weight, reduced profile drag (through improved component shaping, laminar flow control, etc.) and optimised aircraft range. The following chapters show a few examples of current and future technical improvements.
4.2.2.1. Emission targets
Some of the emissions from combustion impact on local air quality and others affect the global atmosphere. To preserve local air quality a set of measurement procedures and compliance standards for smoke UHC, CO and NOx emissions were established. These were associated with a defined landing and take-off cycle (LTO cycle). A new engine can only be certified if the sum of its emissions over the LTO cycle is below the given limits.

4.2.2.2. The turbofan engine
The engine most commonly used in civil aviation today is the turbofan engine. It has a large ducted fan at the front. This fan allows the engine to suck a massive volume of air. 
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Fig 7: open rotor technology

Open rotor technologies can deliver environmental improvement for aircraft through weight reduction. These are engines in which the fan or propeller is not enclosed within the engine casing. The increase in propeller diameter and removal of the heavy engine can reduce fuel burn by approximately 25-30%.

4.2.2.3. Challenges for the combustor

The combustor should fulfil the following requirements: Low weight, high durability, high reliability, good altitude relight, good weak extinction performance, affordable cost, low emissions. Achieving these characteristics simultaneously is difficult as these requirements are often in conflict with each other. As afore mentioned the various emissions are formed by different processes and in different conditions. Therefore designing a combustor that has low emissions in all operating conditions is extremely challenging. To establish which are the most important emissions to reduce, the environmental impact of the different emissions must be considered. 

4.2.2.4. Advanced aircraft materials

Advanced materials play an important role concerning environmental issues. Materials that have a high strength and are light weighted improve temperature capability and are more adaptive. Developing materials with these characteristics can be challenging, especially when customers and design requirements have to be satisfied. Materials currently being investigated and developed include composites, ceramics, advanced metal alloys, nanomaterials and smart materials.

4.3. Alternative fuels

In recent years we have faced rises in fuel prices, scarce discoveries of new crude oil resources and of course an increase in harmful emissions. Considering the situation, alternative fuels may be essential in the long run.

Aviation fuels must be able to operate over a wide range of conditions, from high ground temperatures and pressures at take-off to low temperatures and pressures at cruise altitude. A whole list of requirements have to be fulfilled, such as high energy content, good flow properties, low freeze point, thermal stability, suitable flash point, compatible with materials and components, etc. In addition to fulfilling all these requirements an alternative fuel should offer environmental benefits. The only greenhouse gas, which would be released, is CO2 from renewable resources, which is bond again by the plants through photosynthesis. The quantity of CO2 depends on the feedstock, the energy intensity of the production processes and whether they are powered by fossil fuel or renewable energy sources.

4.3.1. XLT – X to liquid (Synthetic liquid fuels)
Synthetic fuel is any liquid fuel obtained from coal, natural gas or biomass. Synthetic fuel is nearly identical to kerosene. They contain no sulfur and limited aromatic components. Such fuels produce less particulate matter. However, they produce equivalent levels of CO2 to kerosene. The fuels are chemically compatible with all fuel system materials.

4.3.2. Biojet fuel (vegetable/plant oil)
Biofuels are the only fuel type, where the source absorbs CO2 from the atmosphere. Plants can bind the CO2 emissions produced, which moves this method closer to carbon neutrality. This means that the natural CO2 cycle is not disturbed by fossil fuels. Sustainable biofuels however must not compete with food sources. They require minimal land, water and energy to be produced, and provide economic value to the place where they are grown. Biojet fuels can be derived from agricultural oil seed crops, such as jatropha, soybeans, rape and sunflowers, from plants, such as palm, from algae, other saline grasses, camelina, non food cellulose. The extracted oils can be processed to produce Fatty Acid Methyl Esters (FAMEs) or hydrogenated oils.

FAMEs have several properties that make it undesirable for use in aviation: high freeze point, low thermal stability, lower energy density than kerosene and vulnerability to oxidation/microbial attack in storage. “First-generation” biofuels such as ethanol and biodiesel have become unsuitable sustainable biofuels, since they can also be used as food crop and require large amounts of land and resources. Second generation biofuels can help solve these problems.
 

4.3.3. Second generation biofuels 

Algae are capable of producing 30 times more oil per acre than the current crops now utilize for the production of biofuels. Algea biofuels contain no sulphur, is non toxic and highly biodegradable. Experts see great potential in the production of algae derived biofuels. The first Algea Biomass summit was held in November 2007. Camelina is tolerant of low rainfall and can grow in areas unsuitable for foodcrops. It is cold tolerant and the meal left over can be used as livestock feed. Halyphytes are salt marsh grasses, which grow in areas unsuitable for foodcrops. They can deliver very high yields per unit of land. Jatropha is a non edible plant and grows well on non-arable land. It features a high oil yield nut. Non food cellulose is plant matter that does not contribute to human food supplies. They include seaweed, forestry waste, or drought tolerant perennial grasses. 

4.3.4. Ethanol and Methanol fuels
Ethanol fuels can be combined with gasoline in any concentration. It is mostly used to power cars. Ethanol and methanol have several properties that make them unsuitable to use as an aviation fuel. These include having low energy densities and being of hygroscopic nature. Still these fuels may be relevant to regional aviation, e.g. for small reciprocating engine powered aircraft undertaking crop-spraying in Brazil.
 

4.3.5. Hyrogen

The use of hydrogen in aviation is possible by using fuel cells, which directly convert hydrogen into heat and electricity without combustion. Even though liquid hydrogen is one of the most environmentally friendly alternative fuels significant quantities of CO2 may be emitted during the production of liquid hydrogen. Furthermore the engine will produce significantly more water vapour (~260%) than an engine using kerosene. The main challenge associated with liquid hydrogen is the significant redesign of the engine systems.

4.3.6. Liquid methane
Liquid methane offers a reduction in CO2 emissions of around 25% but an increase in water vapour of approximately 60%. To use methane as an aviation fuel would require similar changes to the aircraft fuel systems as those described above for hydrogen. Extensive research and development work stills needs to be undertaken before methane could be seriously considered as a kerosene replacement.

4.4. Electric planes
Thanks to new technologies, such as the PMSM (Permanent Magnet Synchronous Motor) and the SRM (Switched Reluctance Motor) the highest peaks of energy efficiency has been achieved. The efficiency factor lies by approximately 80%. Electric systems are better options for several reasons, especially due to the reduced weight and fuel consumption, provided that the electricity is generated in a sustainable way. Furthermore electric planes have higher maintenance intervals. The technologies are so advanced, that certifications and fiscal considerations are already discussed. 
4.5. Solar Technologies 
Solar technologies are one of the most important renewable technologies nowadays. Solar panels can be adjusted on the wings of the plane. But flying an aircraft exclusively by using solar energy is a challenge. To be able to get by with the provided solar energy the aircraft has to be able to fly very slowly. This requires the plane to be light in weight and have an over dimensional wingspan. Ingenieurs have to develop an aircraft on basis of all new technologies: aerodynamic, structures, manufacturing process, power transmission, aeroplane performance, etc. Spectrolab’s Earth-based concentrator cells currently hold the world’s record with 40.7 percent efficiency in converting sunlight to electricity. 

Concluding comments
Air transportation has increased drastically in the past few years, because of numerous technical changes, low fare airlines, tax privileges and direct as well as indirect subsidies which artificially stimulate the boom in air travel. Another important aspect is the fact that we live in a globalised world today. In history the outbreak of World War I especially increased the motivation for more research and development concerning flying. Also further developments concerning air mail at the end of the 1920`s and technical improvements in the 1930’s were decisive for the developments of aviation. By 1960 several commercial jet aircrafts had already been used. Numerous technical developments and improvements have caused an explosive growth of aviation. The mobility of people in general started to increase because of technical and economic developments in the 1930`s. Therefore the developments of the automobile industry were crucial. A certain mass mobility had been developed and people started to believe to have a right of individual mobility.

However, flying also has some impacts on the environment and on climate change. The consequences of flying are for instance emissions, noise disturbance, land consumption, radiation exposure and climate. Therefore it is decisive that we protect the environment through new technologies as well as changing mobility behaviour.

Aviation has increased approximately five fold in the last 30 years and it is predicted to increase in the next years. There were some drops because of September 11 but just in the short run. Today the financial crisis is impacting air transportation. A sharp fall of passenger demand also regarding freight transportation can be detected. Reasons for this change are a decreased international trade and the fluctuation of oil price. 

People do have private and/or business contacts all over the world since we are living in a globalised world. Mobility is some sort of social achievement for millions of people all over the world. It is possible to reach new destinations which are far away and it increases a business and political understanding as well as a cultural interchange. 

However there is the question whether people need to travel wherever they want to and as fast as they want to. Flying is also a social question and allocation. Just about 5% of the world’s population have the ability to fly. These people are mainly living in the developed world. The group which is flying the most are people between 20 and 30 years and people with a higher education. Aviation is a part of the public transportation. In general public transportation is considered to be environmentally friendly. This is not true for aviation.

It is crucial that there is a balance between economic growth, high mobility and environmental protection.
However no economical instruments can be effective without technological growth for this sector. The possible policies which are discussed in this paper can´t be successful without positive reaction from aircraft designers. The planning of integrating aviation in the EU system of emission trading will only have an impact on the prices of the flight tickets and on the permit’s price. Perhaps better solutions can be achieved through the voluntary agreements between airlines and the state as an authority for the environmental focuses. No policies today will make aviation more environmentally friendly, this can only be made with innovative technologies. These technologies need time and money to be developed. Furthermore there is enough space for voluntary agreements, to take some part of the aircraft revenues and build more efficient planes. Present aircraft companies are pressurised by the aviation market to cut their fuel prises, however this is not always possible. The companies’ interest is to have a cheaper service than the competitor, not to have more eco-friendly planes. If all the requests of aircraft companies are fulfilled by environmentally friendly planes, a lot can be achieved toward environmental protection. The reduction policies on the aviation sector cannot be successful, because this sector does not have technologies for more cleare business.
Today many aircraft designer companies are working on new and innovative aircraft technologies. Furthermore sustainable aviation groups are trying to build up a network of companies to encourage and ease co-operations between them. These improvements are the first step towards a sustainable aircraft system. 
The improvements mentioned in this paper are just a few of many today and further developments will be achieved in the near future. The question remaining is: Which technologies should we support to achieve our goal of minimizing or even abolish all environmental impacts mentioned above. Should we promote bio-fuels, which would decrease some harmful emissions and would allow us to use the current infrastructure? Or should we invest in building electric airplanes, which would result in big efforts changing the engine design, but on the other hand could solve our emission problem, if the electricity used is produced by renewable resources?
From my point of view only a combination of all technologies can achieve the best solution. Why not invest in building electric airplanes, while still using the old aircrafts running on bio-fuels? Why run a plane on pure solar energy, taking into account all the disadvantages, when it could just be used as an additional benefit to conventional airplane or to electric planes? Maybe in this way we could get rid of all the environmental damages without having to sacrifice our freedom of mobility.
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