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Executive Summary

The requirements to substitute traditional fuels are many; not only is “the average vehicle, through its combustion of fossil fuels... emit greenhouse gases... such as carbon dioxide, methane, nitrous oxide, hydrocarbons and chlorofluorocarbons – surround the Earth’s atmosphere like a clear thermal blanket” (Tuttle, J., 2001), and subsequently, the increased use of fossil fuels over the past few decades “has created an enhanced greenhouse effect, known as global warming. And transportation has played a large role in this increase” (Tuttle, J., 2001). In a bid to reduce carbon footprints to combat global warming and the protection of the environment, enhanced developments in alternative fuels has occurred, particularly in the logistics and transport industry of recent years.

“What are our options, if we wish to get off fossil fuels and live sustainably? We can balance the energy budget either by reducing demand, or by increasing supply, or, of course, by doing both” (Mackay, D, (2009)). The implementation of the use of alternative fuels in the transport industry will greatly reduce the contribution of harm to the environment and promote public health by means of air cleanliness. Sustainability measures including the use of advanced fuelled vehicles as demonstrated in the West Midlands Regional Transport Plan in the form of hydrogen powered buses, as aforementioned, is an example of “keeping our lifestyle, but reducing its energy intensity through efficiency and technology” (Mackay, D, (2009)).

Electricity is the arguably the world’s most important renewable resource in order to sustain modern society when 2 billion years’ worth of oil is depleted, because, as aforementioned, resources are finite and demand will soon outweigh the supply. Nuclear fission using lithium resources from sea water is being trialled and developed, and may be a one of the only sustainable means of producing electricity for years to come.

Introduction

Sustainability of energy required is a growing concern in order to drive transport industry. “Most of us drive or ride in vehicles that are powered by petroleum-based fossil fuels” (Tuttle, J., 2001). This paper will assess alternative fuels that may be used to power vehicles used in the transportation of goods and/or people and present reasoned argument for and against their use.

1. Alternative Fuel Types

1.1     The requirements to substitute traditional fuels are many; not only is “the average vehicle, through its combustion of fossil fuels... emit greenhouse gases... such as carbon dioxide, methane, nitrous oxide, hydrocarbons and chlorofluorocarbons – surround the Earth’s atmosphere like a clear thermal blanket” (Tuttle, J., 2001), and subsequently, the increased use of fossil fuels over the past few decades “has created an enhanced greenhouse effect, known as global warming. And transportation has played a large role in this increase” (Tuttle, J., 2001). In a bid to reduce carbon footprints to combat global warming and the protection of the environment, enhanced developments in alternative fuels has occurred, particularly in the logistics and transport industry of recent years. 

1.2 Ethanol

1.2.1 Ethanol is a renewable fuel made from corn and other plant materials, an example of biomass fuel. The use of ethanol is widespread, and can be used in conjunction with traditional fossil liquid fuel types by means of a simple mixture. Gasoline is substituted in the U.S. with a proportion of Ethanol (commonly known as E10, 10:90 ratio), and has subsequently reduced the import of petroleum, from a potential 32% to 25%. As an additive to traditional fossil fuelling, this could be used in the UK’s transport industry to reduce imports like the U.S. and provide employment and economic growth to regions where it could potentially be produced. 

1.2.2 Ethanol is almost carbon neutral in itself, with the CO2 output negated by means of captured CO2 as crops are grown. The positives include the fact that the materials needed to create ethanol are mostly renewable, although trade-offs include a negative impact on food prices increasing due to resources averted from traditional crop cultivation and a decrease in variation. Also the energy density is significantly lower than traditional fossil fuels, thus reducing mileage and power of vehicles, hence why this is not a feasible means of fuel as sustainable replacement for petroleum. 

1.3 Natural Gas 

1.3.1 Natural gas is a fossil fuel comprised of mostly methane, making it one of the cleanest burning alternative fuel sources. It can be used in the form of compressed or liquefied natural gas, with the latter used mostly for cars and trucks. The positive attribute to natural gas is there are fewer emissions produced from engines, however the production of natural gas produces methanol, which is 21 times more harmful to the negative contribution to greenhouse gases ozone than CO2. Also, comparable to ethanol the energy density is significantly lower than traditional fossil fuels, thus reducing mileage and power of vehicles. 

1.4 Electricity

1.4.1 “Electrification both gets transport off fossil fuels, and makes transport more energy efficient” (Mackay, D, (2009)). Electricity is highly efficient, and evidently the cognitive bias toward electric transport is become a contrast in modern society. The existing infrastructure for the production and storage of electricity already exists in developed and less developed countries, although considerations must be made regarding the methods of producing electricity. 

1.4.2 The production of electricity by means of burning coal and gas is not a sustainable method, however the concentration of development of production using renewable means including geo-thermal, nuclear, wind and tidal power harnessing is become more in focus. Electricity is the arguably the world’s most important renewable resource in order to sustain modern society when 2 billion years’ worth of oil is depleted, because, as aforementioned, resources are finite and demand will soon outweigh the supply. Nuclear fission using lithium resources from sea water is being trialled and developed, and may be a one of the only sustainable means of producing electricity for years to come.

1.4.3 The use of “public transport (especially electric trains, trams and buses) seems a promising way to deliver passenger transportation – better energy per passenger-km, perhaps five or ten times better than cars” (Mackay, D, (2009)). 

1.4.4 Electric vehicles can also benefit from ‘regenerative braking’ salvaging up to 50% of would have been lost energy. Electric vehicles can be developed to incorporate solar panels in the roof as Mazda trialled in 1993.  

1.4.5 The life-time of batteries in electric vehicles is typically 10 years and are an expensive replacement, it is predicted most electric cars will be junked at age 10. Therefore it is understandable there is a growing concern for battery development is rife amongst consumers and industry leaders as people as switching to electric cars. Lithium-ion batteries are very volatile as a dangerous element, and the concerns for the safety in the event of an accident is questioned, although the battery industry are developing and producing safer batteries to combat this aspect in the form of Lithium Phosphate batteries.

1.5 Hydrogen

1.5.1 Hydrogen powered vehicles produce basically zero emissions, however, there are problems with hydrogen. “Hydrogen is a less convenient energy storage medium than most liquid fuels, because of its bulk, whether stored as a high pressure gas or as a liquid... its energy density is 22% of gasolines” (Mackay, D, (2009)). Also, hydrogen leaks out of any practical container over time. 

1.5.2 The only feasible option to deploy hydrogen fuelled transport would be an implementation into a mode of transport which will benefit from a fuel that must be used immediately and more often than not, continuously. A good example is the project National Express West Midlands introducing “22 hydrogen fuel cell buses and associated fuelling infrastructure to the region by 2020” (Centro, 2017), a strategy to implement hydrogen fuel to a mode of transport with big tanks and increased range.   

1.5.3 Overall hydrogen still requires enhanced development to be a feasible and viable means of a sustainable fuel alternatives, with the downsides presently being the cost for creating production facilities and the lack of existing infrastructure. 

1.6 Propane (LPG)

1.6.1 Propane is also known as Liquefied Petroleum Gas. The benefits of propane include the fact that vehicle emissions create less harmful gases. Propane is widely used as a diverse alternative in conjunction to liquid fossil fuels in the transport industry and infrastructure for storage and distribution is already in place. 

1.6.2 Vehicles typically fitted with propane (LPG) conversions are dual or flexi fuel derived machines, and can enjoy the benefits of increased range and increased octane ratings, and is cheaper to procure. The downsides is the production creates the bi-product, methane which is 21 times more harmful to the ozone layer as a greenhouse gas than CO2. Also the British thermal unit is considerably lower than conventional liquid fuel types, which results in decreased lower fuel economy, which is offset by price. In Britain, buses, taxis and a substantial percentage of private cars have been converted to flexi-fuel with LPG to reap the benefits associated to propane.

1.7 Biodiesel

1.7.1 Clean burning and domestically produced, Biodiesel is a renewable substitute for traditional liquid fossil fuels. The benefits of Biodiesel include reduced air pollution, reduced harmful gases contributing to the greenhouse effect and utilises waste product. Biodiesel can be used in some engines, but not due to reduced lubricity content. 

1.7.2 The issues with associated with biodiesel include limited production to make it a viable option for the general consumer and lack of distribution infrastructure limits the use to agricultural machinery use.

1.8 Methanol

1.8.1 Also known as wood alcohol, methanol has properties similar to ethanol. Benefits of production include the utilisation of various feedstocks waste, and is relatively cheap to produce. Other benefits include a safer alternative to liquid fuels as it has a higher flash point compared to petroleum. Methanol could be an important source of hydrogen in conjunction with other sources needed for hydrogen fuel celled powered transport. Methanol could be an important substitute in the future to use as an alternative to fossil fuel whilst alternative solutions are developed. 

1.9 P-Series Fuel

[bookmark: _GoBack]1.9.1 P-series fuels are a synthetic blend of tetrahydrofuran, ethanol and hydrocarbon constitute derived from bio-mass, designed to be used in flexible fuel powered vehicles where the additive can be mixed simply into fuel tank systems, to reduce emissions. However, automobile manufacturers have ceased the production of flexible fuel powered vehicles. P-series fuel is a domestically produced fuel, therefore reduces the import of oil into a country. Fairly new with developments to come, p-series may be a serious contender as an alternative fuel type.

Conclusions

Analysis provided by MacKay, D, (2009) in his book “Sustainable energy – without the hot air” summarises the need of development in renewable energy sources. Developments must be made now in order to outweigh the issues of demand exceeding the dwindling supply of fossil fuels. But, “for any renewable facility to make a contribution comparable to our [people of Britain] current consumption, it has to be country sized” (Mackay, D, (2009)). Mackay, D summarises his theory by stating renewable facilities must be ‘country sized’, and goes on to say off wind farms the size of Wales and solar panels to cover every roof the UK and harnessing of tidal power are the only feasible options to meet the demand of the future. 

“What are our options, if we wish to get off fossil fuels and live sustainably? We can balance the energy budget either by reducing demand, or by increasing supply, or, of course, by doing both” (Mackay, D, (2009)). The implementation of the use of alternative fuels in the transport industry will greatly reduce the contribution of harm to the environment and promote public health by means of air cleanliness. Sustainability measures including the use of advanced fuelled vehicles as demonstrated in the West Midlands Regional Transport Plan in the form of hydrogen powered buses, as aforementioned, is an example of “keeping our lifestyle, but reducing its energy intensity through efficiency and technology” (Mackay, D, (2009)). Legislation in the form of incentives and schemes for the people of the country to promote the use of advanced alternative fuelled vehicles, such as electric personal cars or electrified public transport are being implemented gradually in Britain. Legislation options may also include a decrease in speed limits, or, as Scotland have implemented, a ban on any new sales of fossil fuelled cars in 2032.    

Meanwhile the use of “public transport (especially electric trains, trams and buses) seems a promising way to deliver passenger transportation – better energy per passenger-km, perhaps five or ten times better than cars” (Mackay, D, (2009)). 

It appears that a medium-term solution to energy demand in transport would be to use a balanced mix of all alternative fuels available to us at present and continue to develop sustainable, technologically advanced engines with negligible input and output to protect what is left of fossil fuels, namely petroleum, to better give the people of tomorrow the important resource of plastic, a vital creative material required in the facilities to produce renewable means of energy.
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