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Introduction
In this technical report alternate fuel technologies will be put into review with the purpose of seeing what the best fuel for the future of the automotive market is. During this report I will cover three alternate power sources; petrol/diesel, Electric vehicles, and hydrogen fuel with the overall aim of finding out which one is the most viable moving forwards in the automotive industry considering both positives and negatives of each fuel. This subject is critical for the future of our planet as CO2 emissions increase each year and the need for a sustainable, environmentally friendly fuel becomes more crucial then ever. 

Literature review 
The current most commonly used power source is by far combustion engines using petrol or diesel fuel with the first mass produced petrol car as early as 1908. These engines work by creating a combustion of fuel and an oxidiser (usually air) to create energy via heat producing a useful work which in turn acts on the pistons causing them to move (energy.gov). There are two types of internal combustion engines, spark ignition gasoline engine and the compression ignition diesel engine, they differentiate from each other by how the supply and ignite the fuel. Combustion engines benefit from being practical in a wide range of uses i.e., Transport, generators, work and more. Petrol engines have a thermodynamic efficiency of about 20% (around half of a diesel engine) making them relatively inefficient. 
Although (first production electric car was made in 1884 – edfenergy) practical Electric vehicles have only been on the market for a hand full of years (1996 – auto express) they have gained a considerable amount of popularity for the next future fuel. This is due to multiple reasons including the ability to refuel at home, instant and fast acceleration and to the common consumer they appear to be good for the planet. The most popular electric car to date is the Nissan LEAF with over 400,000 produced with Nissan LEAF drivers driving the car over 10 billion km in total showing their potential for success. Electric Vehicles run on 100% battery power using large rechargeable lithium batteries creating 0 emissions. They also come with regenerative breaking which means every time you break the battery gains electricity, for example by the time you have driven down a hill you would have more fuel than you did at the top of the hill (edf energy).
Hydrogen cars are much further behind in development compared to combustion and electric vehicles, with very few people buying or even considering them. Creating power by converting the chemical energy of hydrogen to mechanical energy via reacting hydrogen with oxygen in a fuel cell. 98% of hydrogen produced is through steam methane reforming, but it can also be produced by electrolysis of water. Hydrogen has a low volumetric energy density at normal conditions compared to gasoline and other vehicles fuels. When being used for vehicles, hydrogen must be stored either as a super-cooled liquid or as a highly compressed gas, which acquires additional energy. However, Germany have started to develop a method of storing hydrogen as a type of slush and converting it a usable gas via electrolysis. When a 100% hydrogen powered car runs the only emissions, they create are water vapor and warm air, recharging an hydrogen vehicle only takes around 5 minutes similar to a combustion engine vehicle (autoexpress).


Discussion
One main strength of combustion engines is their high energy density, which means it produces a higher energy output per density of fuel compared to for example electric vehicles. Combustion engines have also been becoming significantly more efficient over the past few decades. Gasoline engines have a thermal efficiency of around 40%, meaning 40% of fuel burned is turned into motion. Companies are however now looking at increasing the efficiency even more by having a combustion engine power a battery over going straight to the transmission, the result of this is the load on the engine is much more constant meaning the engine can be tuned to work better in a smaller range of situations. However, combustion engines use fossil fuels as their energy source, this is a big problem as fossil fuels are unsustainable meaning we will soon run out and we can’t make more, and car companies will be unable to meet their countries new CO2 emission requirements if they continue to only produce combustion engine vehicles. 
As mentioned earlier electric vehicles benefit strongly from their ability to fuel at home and fast acceleration, however despite what most people believe electric vehicles are not actually environmentally friendly. 80% of all lithium batteries produced in the world used to power things like the electric vehicles are made in China who use still use coal as their primary energy source, like how most of the electricity consumers are putting into their cars have just come directly from a fossil fuel powered power station. So, to the consumer it looks and feels like you are doing your part for the environment but in reality, you are not. Additional negatives of electric vehicles include their limited range, require a long amount of time to recharge and they can only be worked on by trained specialists but most mechanics straight up refuse as the lithium batteries are so dangerous to work on. On top pf this the lithium batteries are extremely difficult to dispose off often ending up in land fill sites contaminating water supplies and damaging eco systems where they will still for thousands of years. 
Hydrogen powered vehicles share electric vehicles strengths of 0 emissions but separate themselves with a longer range, shorter refuelling time and have a better long-term potential being healthier for the environment in the long run due to them being significantly easier to dispose of containing no toxic materials like battery acids. With so many strengths why are hydrogen powered vehicles not already dominating the market? This is because there is a current lack of infrastructure to support them, meaning there is a lack of hydrogen fuel stations across most countries so even if a consumer wanted to move to hydrogen they physically can’t. Another issue is concerns with the safety of storing hydrogen fuel and trusting average citizens with an explosive gas.
Conclusion
Combustion engines have always been and will be continuing to be a crucially important work horse going into the future although I believe their use will slowly decrease over the next few decades due to new laws coming in for CO2 emissions and their fuel source slowly dwindling as we run out of fossil fuels. However, they will always have a place in the automotive industry because of the abundance of how many exist and how reliable/easy to work on they are. Although electric vehicles are the current most rapidly advancing power source for cars on the market, I think car companies will start to look for alternatives as electric vehicles create so many new issues (i.e., limited range and low energy density of batteries) and will not be taken up with a large majority of the population both consumers and mechanics who don’t want to risk their lives to maintain a car. The alternative car companies will find will be hydrogen vehicles. Although they still require a lot of research and testing to make them safe and practical for everyday use hydrogen vehicles are the most viable permanent replacement for combustion vehicles. This mainly coming down to real 0 emissions and long range. As more countries try to meet their CO2 emission goals more hydrogen fuel stations will be built solving their infrastructure issue and on top of this countries are already well on their way to developing safe ways of storing hydrogen (Germany with their slush conversion). Therefore, once the kinks have been worked out hydrogen powered cars will be the future of the automotive industry.   
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