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Due to the growing needs of the industrial and private sector, for more volume and faster transport of goods across the globe. This puts an ever-increasing strain on the aviation industry causing massive growth in air miles per year that is not expecting to slow anytime soon. This growth is consuming the global supply of fossil fuels, which are needed to propel these aircraft into the air. The limited nature of fossil fuels and there known effect on the environment is a concern for the aviation world as they must find a solution. So, they are looking to new technologies such as biomass derived fuels [1], hydrogen and fuel cells [2]. This article will review some of the possible solutions that are being developed to combat this problem. It will look at the potential applications of the technology, an explanation of what the technology is and its sources, the possible effects it might have, environmental or otherwise. Also, any limitations that it might have and possible further research that is needed.   
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The world of commercial aviation has been growing from its inception in 1914 and has had massive growth from factors such as the first and second world wars as well as the cold war arms race [3]. During this period aviation made massive leaps forward in distance, speed travelled as well as size and loads that could be carried. New types of propulsion were also developed such as the jet engine. These progressions have often required more and more fuel. This need was never seen as a problem before as the effects on global warming and the limited supply of fuel wasn’t known or was a distant issue. But now the reason for growth in the industry is down to the commercial need to ship things faster and in bigger volumes to satisfy the needs of customers on a global market. The value of goods transported in 2016 was $5.5 trillion and weighed 54.9 Mt, the airlines also transported a calculated 3.8 billion passengers [1]. This number is predicted to double over the next 20 years [1]. This growth is causing problems for the industry as the increase in jet fuel consumption per year is 1.5% calculated by the U.S. Energy Information Administration (EIA). As the demand is growing and company and country fuel stores are depleting this is forcing the industry to have a massive push and investment into researching new types of reliable propulsion for aviation that is renewable and non-harmful to the environment. Current research avenues include Biomass-derived fuels, hydrogen propulsion and fuel cells. There are advantages and disadvantages to each of these types of propulsion, and whilst they look like promising alternatives there is still research and development that needs to be done to overcome issues such as safety standards, production techniques and transport networks. The limited supply of fossil fuels isn’t the only reason research is needed for a replacement, one of the other driving factors is that the aviation industry is a major contributor to global warming through greenhouse gas emissions. All new research not only have to replace jet fuel, but be better for the environment than it as well.  
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Bio fuels aren’t a new concept, Biodiesels have been produced for farming and vehicle use for over 30 years. The first Bio fuel plant opened in 1985 in Austria. The main difference between this fuel and jet fuel is the length of the hydrocarbons. Normal fuel has a chain of between 7 to 11 hydrocarbons whereas jet fuels ranges from 12 to 15 [4]. The jet fuel also has a lower freezing point and a higher flash point. These two properties make it suitable for aviation because of the environments they operate in, where temperatures can drop below the freezing point of normal fuels. The higher flash point also reduces the risk of unplanned combustions which improves its safety in use. 
Biomass is what is needed in order to produce bio fuels, and there are varying materials that can be used to make the bio fuel. It can vary widely from the different sources of biological material. There are three main categories; First generation bio-fuels, these are made from mainstream edible crops such as corn and wheat. This first generation fuels aren’t popular anymore because the materials used are also a source of human food. The second generation of bio-fuels can be made from a wide range of sources, such as waste animal fats, used cooking oils and oils extracted from non-edible plants. Because Lignocellulose biomass is readily available through many different sources to make the bio fuel, it is considered the favourite option to take over from fossil fuel propellants. The third generation bio fuels are made from algal biomass. This source of biomass has many advantages such as not taking up valuable land that could be available to grow other valuable crops for human consumption, because it can be farmed in the sea. This also aids the environment by capturing more carbon dioxide from the atmosphere as the algae grow and trap it in a solid form. Algae also grows considerably faster that land based crops and produces more oil per square meter of crop per year than the next best crop (palm oil). Due to these advantages, the third generation of bio fuels is seen as the best to meet the global demands for transport fuels. [1]
Creating the necessary fuel from the biomass is done largely by using the same key steps for each generation. These are cleaning any incoming material or oils, then either heating or distilling the material to separate the material into the form that you want and making it possible to react with other elements to get the formulas that you want. After that there are varying types of separation to get end products of gases bio fuels and diesels much like a fractional distillation in standard fuel production. [1] [5] 
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Hydrogen powered vehicles have been coming a reality in recent years as a viable replacement for cars, and there has been some implementation of the technology along the M4 motorway in south wales. It is also more common in space exploration as the main fuel used to launch NASA’s rockets into space. The fuel tanks on the rockets hold liquid hydrogen and oxygen which then mix and create enormous amounts of thrust to launch the space craft into the air. Hydrogen fuel has also been looked at by many country’s dating back to the 1950’s with the US Suntan project back in 1956, and many more attempts with different projects by many country’s including Russia, Europe and Australia. [2] 
Fortunately, hydrogen is the most abundant element in the universe, unfortunately it is very reactive so doesn’t appear naturally by itself. Currently the dominant prosses for forming pure hydrogen uses fossil fuels such as natural gas and coal. The burning of natural gas and the addition of water can form pure hydrogen but also carbon monoxide which can easily form carbon dioxide later on in the process. In order to make the use of hydrogen fuel completely environmentally friendly it would have to be made through the electrolysis method, but this method is much slower to produce the quantities of hydrogen as fossil fuel burning. It also requires a lot of electrical energy which would have to be sourced using renewable energy methods in order to cut out greenhouse gasses all together. [2]
There are three methods of storing hydrogen, one for each state, gas, liquid and solid. Pure hydrogen has a very low density so in order to store sufficient amounts, it needs to be compressed. Compressed hydrogen is normally kept between 35-70 KPa, at this pressure problems can occur with the structural integrity of the canisters, as the compressed hydrogen aids crack propagation within the metals which is the most common form of containers. Although there are new tanks being created for hydrogen storage made from composite materials that offer weight savings that are crucial for aircraft fuel tank viability. Other methods for storage are cooling hydrogen bellow the boiling point to form liquid hydrogen. There are some issues with this form though as the boiling point of hydrogen is -252.9 degrees Celsius. At this temperature the hydrogen looses up to 40% of its combustion energy. It is also requiring heavy and thick tanks to keep the material this cold. The final method for storing hydrogen is combining it with other materials to form solid compounds this can then by reacted on board the plane as needed to create electrical energy in the form of fuel cells. This would only be viable for traditional prop style planes. This method would also be much heavier than the gas methods. [2]
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It is hard to compare biofuels and hydrogen fuel because there is still a lot of variation in how both products are made and stored which can affect figures such as energy density and greenhouse gas emission and effect. We also cannot choose a winner from the two by just looking at the fuel performance, many other factors must be considered like production, storage, transportation links, safety and cost. But if we ignore these other issues then we can narrow down which process, and fuel would be the most promising and focus the research on that.
[bookmark: _GoBack]From reading journal [1] It is clear that on the biofuel side the second-generation methods are the most promising option as it has the most flight tests completed by partnering airline and fuel companies such as Lufthansa and Qantas both international and leading airlines. It also has one of the best emissions results and has the second highest energy efficiency of other biomass pathways. A commercial benefit to the second generation HEAF is that it has the cheapest cost as well which is an added benefit and justification for further research. Whereas for hydrogen fuelling methods it appears that cryogenic hydrogen fuel storage is the best method for fuelling commercial aircraft as it has the best compromise between weight and volume stored on the aircraft.     
There are still a lot of problems and testing required in order to see these two solutions overtake normal jet fossil fuel as the aviation sectors main source of propellent. There are many combinations of companies and countries working together to overcome these as it would come a long way to solving the fuel shortages that threaten to cripple modern transport and trade in the near future. There are many standards that these new fuels must abide by in order to let them be adopted by companies and the public, this is due to safety concerns as any unforeseen failures could end in a catastrophic loss of life, for example if a Dreamliner were to crash into a highly populated area due to engine failure or fuel supply problem. In order to avoid these problems, there needs to be extensive testing to assure that this wouldn’t happen. That is why boards like FAA (Federal Aviation Authority) exist to control the industry and regulate how it is run to ensure protocols are followed.  
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In conclusion biofuels would be the more beneficial solution to your current needs as it is the furthest along in its development. This is beneficial as the sooner we can transition from fossil fuels the better for our environment. Also, it produces less greenhouse gas emissions than hydrogen as hydrogen production requires either natural gas and coal production or high volumes of power that isn’t being catered for by renewable energy currently.  
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