PART A: Written report

Electric dreams, de-carbonizing aviation

Global aviation makes up for 2% of all emissions. [1] Relatively low compared to other frequent emitters, so why is there such a need to de-carbonize aviation? 
Aviation is one of the most difficult sectors for reducing carbon emissions. All current aircraft are propelled by some form of carbon fueled engine; be that a turbojet, turbofan, or traditional piston engine. These engines, built specifically to provide the massive power required to fly, are not light on fuel requirements. 
With regular trans-Atlantic flights burning an average of 4 litres of fuel every second,[2] and private jets burning as much fuel as 400 cars every hour,[3] it is no wonder that many in the industry are looking to leave these engines behind in search of less carbon-reliant alternatives.
This report will analyse current and future planned emission reduction and de-carbonization efforts being made throughout the industry, and the impacts these changes will have on the future of aviation. 

Current emission reduction efforts

Reducing emissions of current aircraft start with changing how these aircraft are currently being flown around the world. While getting from place to place in as little a time as possible is convenient for passengers, slowing down and adding as little as 3 minutes to the duration of a flight can save 180kg of fuel from being burned. Flying slower reduces emissions and is key to being as efficient as possible with current carbon-fueled engines.[4]
Further efficiency gains can be made with subtle design changes that are easy to implement within current aircraft designs. A notable change is that of electrification, a process that replaces engine dependent pneumatic systems with electric alternatives, reducing the load on the engines so they burn less fuel during flight. These electric systems are also lighter than current pneumatic systems, meaning aircraft with these systems can carry more useful weight for the same amount of fuel burned. [5]
There are also carbon-neutral fuels currently in use. Sustainable Aviation Fuels, known as SAFs, are made up of a blend of several carbon-neutral fuel sources, such as bio-fuels and recycled waste oils. [6] While they do offset the emissions being produced in flight, their production is currently very limited, and with such a high volume of fuel required to keep the industry airborne, the already small number of flights utilising expensive SAFs are having to be mix their fuel with cheaper, ordinary carbon fuels to make up for demand, offsetting any environmental gains made by their use. [7]
More drastic measures to increase efficiency and reduce fuel burn can be taken in the design of the wings; long, slender wings generate more lift and less drag at slower speeds, meaning engines don’t have to work as hard overcoming drag and can burn less fuel in flight. These do however come with new structural factors that would need to be considered, an under-supported wing could bend and snap under the immense forces of flight. [8]

While all of these are steps in the right direction, these changes seek to make current, carbon-reliant aircraft more efficient in an economical sense, the reduction of emissions is merely a bonus. True de-carbonization requires throwing aside current aviation infrastructure and the development of entirely new propulsion systems. 

The future: Fully electric and Hydrogen power

This front is being led by airbus and the ZEROe fleet; several potential aircraft designs, focused around the utilisation of developing hydrogen-electric systems to cut out carbon-based fuel dependency all-together. [9]
Hydrogen is a severely underutilised source of energy: with more energy density than carbon fuels, the ability to produce electricity and the only emission upon being burnt being water vapour, it sounds like the perfect replacement for current carbon-based fuels. 
Hydrogen is a vastly different element however, with usable liquid hydrogen needing to be stored at minus 253°C up until it is burned. Such a revolutionary change in fuel would require massive overhauls across every sector of the aviation industry; aircraft, airports, fuel storage and ground equipment would need to be re-designed almost entirely from the ground up to support hydrogen. [10]
Current Hydrogen power systems utilise hydrogen to make electricity in the form of hydrogen fuel cells. These Fully electric propulsion systems would be solely reliant on powering motors driving propellers to generate the thrust required for flight. Propeller driven craft are historically slower than equivalent jet aircraft, and despite being more efficient than complete combustion, with current hydrogen storage methods taking up more space than conventional fuels, the range of these fully electric craft would be severely limited by the amount of hydrogen they could carry. [10]
Fully-electric systems would require new metal battery technologies to be developed for storing any excess electricity, current high-power batteries take up too much weight relative to the power they store. These batteries also require rare earth metals in their production, typically these metals are mined by poorly treated workers,[11] meaning that de-carbonization utilising these batteries would do more harm to people now than the continued use of carbon. 
Many companies have suggested utilising the energy produced by burning hydrogen in a gas turbine equivalent,[12] similar to contemporary carbon-fueled turbojet engines. These would produce the thrust required to maintain current cruising speeds and be relatively simple to import into existing aircraft designs. Similar to fully-electric systems, oversized liquid hydrogen storage requirements would mean these aircraft would still have a shorter range than similar turbojet aircraft.  

Conclusion 

The electrification and hydrogenation of aviation; a massive uprooting of current technologies and infrastructure in the name of eliminating carbon emissions. While many of these technologies are currently in their infancy, with a variety of issues yet to be iron out, and plenty more to be discovered, the benefits cannot be understated. The de-carbonisation of aviation is looking to be possible. While a massive investment will be required for all involved to see them utilised effectively and humanely, The outcome of a safer, greener, more accessible global industry won’t be much of a tough sell. 
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