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Abstract: There is a growing urgency for us all to review our choice of fuels and the sustainability of our practices amidst scientific evidence suggesting that our growing hunger for a finite supply of fossil-based produce is contributing to global warming.  The widespread adoption of sustainable practices into mainstream engineering will directly influence the quality of life for our successive generations.  It is therefore important to ensure that engineering students develop a positive interest with respect to sustainability so that they continue to enthusiastically practice it once they have graduated.  However, it is insufficient to simply preach the principles of sustainability when the significance of many important engineering theories may well be lost in densely packed engineering curricula that are continually added to in order to remain up to date.  The importance of sustainable engineering must be emphasised and one method to do this is by employing stimulating problem based projects that encourage self-motivated student-based learning and provide an opportunity for students to practice sustainable engineering principles first hand.  An example of one such project is the University of Adelaide’s Biodiesel Motorbike, which was specifically developed to motivate students by exploiting a motorbikes perceived affinity with raw, unbridled speed, power and agility.  The project has proven to be truly charismatic and the initial attraction was most definitely the perceived excitement of the project rather than the issue of sustainability.  Now that a prototype of the bike has been completed, the students have realised the practicalities of biodiesel as a sustainable alternative fuel. They each admitted that they were previously unconcerned about sustainable engineering and alternative fuels, but have since developed a much stronger social conscience as a direct result of their project participation.  The students managed to attract national and international financial sponsorship in their quest to enter the bike in the Greenfleet (alternative fuel) class of the 2007 World Solar Challenge and their unveiling of the completed bike generated significant media interest which has raised the profile of alternative fuels and sustainable engineering in the public’s eye.
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Background: The need for alternative, sustainable fuel research and education
Australians recognise that sustainable transport issues are of increasing significance to the community and therefore to engineers (Engineers Australia, 1999).  An Engineers Australia 2004 survey (Engineers Australia, 2004) demonstrated that 79% of those polled believed that the reduction of greenhouse gases from the energy generation and transport sectors is extremely important and most believed that renewable energy was the best option for reducing greenhouse gas emissions.  Scientific data supports these beliefs. The interpretation of well publicised meteorological data (Hansen and Lebedeff, 1987) indicates that the earth is warming and Figure 1 shows a distinct correlation between the underlying pattern of global temperature change, the C02 concentration in our atmosphere and the C02 emissions from burnt fossil fuels (Kuo et al 1990, Etheridge et al 2002, Keeling and Whorf 2005 and NASA 2006).
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Figure 1: Global temperature rise, atmospheric C02 and Fossil Fuel C02 emissions since 1880
However, despite these believes and while we are able to all directly influence CO2 pollution by our choice of personal vehicles or use of public transport, the CO2 emissions from Australian cars and power generation still increase at an alarming rate (Australian Government, 2003). Only very recently, amidst the hardship of never-before-seen high petrol prices (The Age, 2006) are Australian consumers turning towards smaller cars (NRMA, 2006) and alternative fuels are once again becoming a mainstream media interest.  It appears that collectively we do not possess a social conscience towards environmental issues but share a common need to protect our standard of living.  Unger (1992) stated that scientific evidence of environment damage is insufficient to encourage change and that it is only taken seriously when the evidence is complimented by a significant and disturbing real-world event such as extraordinary weather conditions.  Another important consideration regarding alternative fuels is that as less privileged countries now rapidly develop the consumption of finite supplies of fossil-fuels is increasing at an alarming rate.  Therefore the need for mainstream alternative, sustainable, eco-friendly energy sources in order to protect our environment is further compounded by the fact that one day our existing fuel sources will run out (Deffeyes 2003). In fact Engineers Australia (2001) clearly recognise the importance of encouraging changes in social trends and commercial attitudes, towards a sustainable and more efficient use of energy, stating that sustainability is not merely about the environment, but also about ensuring the longevity of future supplies.  There is perhaps no one-single replacement for fossil-fuel, but there are a multitude of alternative energy sources that, when matched to ideally suited applications and environments will have a combined significant impact. In the transport sector alternative energy and hybrid vehicles can now offer similar cost and performance to existing modes of transport and the introduction of these vehicles will start to ease the burden on fossil-fuel consumption and CO2 emissions.  By 2020 Sweden intends to be fossil-fuel independent and generate most of its electricity by hydroelectric power stations and nuclear reactors.  In such an economy that does not burn significant amounts of fossil-fuels to generate grid power, hydrogen fuel cell vehicles (that use an efficient alternative for storing and transferring energy) have a distinct advantage. General Motors have made significant progress in hydrogen fuel cell vehicles so that their usage is not only entirely feasible but extremely probable (Boroni-Bird 2005).  While hydrogen fuel cell vehicles are likely to be part of the solution and provide a good example of matching transport alternatives to appropriate applications, they also demonstrate the need for a variety of solutions.  In economies that produce electrical power from coal or oil-fired power stations, the production of hydrogen (as the energy storage medium) is likely to increase the consumption of fossil-based fuels.  Solar, hydroelectric, geothermal, wind, wave and biofuel power will all therefore have a part to play in a total solution, but research and development needs to be accelerated so that all become part of a mainstream solution soon.
Generating Student Interest: The Bio-Bike
Alternative renewable fuels and novel applications of these fuels can sometimes be cynically categorised as either too futuristic, too expensive or of poor performance. If such cynicism is allowed to go unchecked then sustainable engineering may remain a peripheral component of engineering rather than become a mainstream element of engineering design criteria.  Recent technological advancements and engineering developments have led towards the more common use of sustainable fuels and novel transport methods and further research will result in similar performance and costs to existing fuels.  For this to happen sooner rather than later students must become excited by it, rather than become simply aware.  However, it is extremely difficult to achieve this aim when densely packed engineering curricula are continually drip-fed with more and more material so that engineering education keeps abreast with the rapid growth of technology and ideologies. Preaching from the lectern alone is insufficient.  The importance of sustainable engineering must be emphasised and students must become impassioned about it if we expect them to go on and make a difference. But how?  The use of student based learning projects can encourage self-motivated research and can also provide an opportunity for students to practice sustainable engineering principles first hand.  Although for such methods to be employed effectively, the projects must be stimulating and appealing or there is a real risk that students may still take a minimalist approach to simply pass the academic requirements and move on. Projects must therefore be charismatic and genuinely interesting so that they do in fact promote self-motivated research, learning and enthusiasm.

At The University of Adelaide “The Supercharged Biodiesel Motorbike Project”, or the “Bio-Bike” as the students have named it, demonstrates the feasibility of biodiesel in a novel application and is proving to be extremely successful in terms of generating student interest in sustainable fuel alternatives.  Biodiesel was chosen as a means of demonstrating the practicalities of sustainable fuels because it possesses a number of obvious practical and environmental benefits.  Biodiesel performs similarly to regular diesel in regular diesel engines but is derived from plant matter.  Therefore, while CO2 is still emitted during combustion there is a significantly lower CO2 emission across the entire lifecycle of biodiesel because the feedstock (canola, mustard, sunflower or algae) absorbs CO2.during photosynthesis (Beer et al 2004).  These total lifecycle CO2 emissions are 78% less than those from fossil-fuels (Sheehan et al 1998).  The consumption of fossil-fuel is neither environmentally friendly nor sustainable but the use of any biofuel as an alternative becomes ridiculous if its production consumes more fossil-fuel than if the fossil-fuel were used for power generation directly. Biodiesel however is efficiently produced by a simple chemical transesterification process in which harvested (or waste) vegetable matter (or even animal fat) is transformed into biodiesel and glycerol (MacLean et al 2000).  Biodiesel only requires 0.31MJ of fossil-fuel energy across its entire lifecycle in order to generate 1 MJ of energy during combustion. This total energy output to fossil-fuel energy input ratio of >3:1 implies that biodiesel can significantly reduce our dependence on fossil-fuels (Bowman et al 2006).  Biodiesel is also more oxygenated than regular diesel and produces far less particulates; it contains no sulphur or aromatics; it is biodegradable and non toxic; it has superior lubrication characteristics and can run in unmodified diesel engines (which are more efficient than petroleum spark-ignition engines).  Students quickly realise these advantages through their initial fundamental research.  The motorbike application was chosen because of its affinity with raw, unbridled speed, power and agility. This was believed to be the most charismatic element and was intended to attract students that were seeking excitement in a project.  There was a deliberate attempt to make sustainable engineering ‘cool’.  The choice of a lightweight vehicle (such as a motorbike), not usually associated with diesel was also intended to test their innovation, theoretical understanding, research and general automotive engineering skills.
Results of the project
The project proved to be extremely popular and as such was oversubscribed with students wishing to participate as part of their final year honours project.  Nine enthusiastic students commenced their research well before the start of their semester (during their Christmas vacation) and set about planning their strategy.  They identified their needs, they set their goals and they attracted sponsorship from an international diesel engine manufacturer, a local consortium of biodiesel producers and from local government.  This was all above and beyond their academic requirements, but they all wanted to ensure that the project received a high media profile, provided an opportunity to liaise with industry and that sufficient sponsorship would ensure that they were not forced to make significant design compromises through lack of finance.  The student’s have also developed a website (http://www.mecheng.adelaide.edu.au/biobike), a newsletter and eventually hope to participate in the alternative fuel (Greenfleet) class of the 2007 World Solar Car Challenge.  They boast of a strong team identity (they can be seen wearing their uniform in Figure 2 below), provide each other with peer support and motivate each other towards achieving their goals.
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Figure 2: Some of the students with senior executives from Yanmar, their principle sponsor
The students adopted a systems engineering approach to the project and divided it into a number of smaller projects so that each student had a specific area of responsibility.  They initially developed a digital prototype (Figure 3) to assist with their engineering analysis and to ensure that both the designed and off-the-shelf components would assemble as intended.  Once the modelling was completed the team built a ‘proof of concept’ physical prototype to demonstrate that the bike could be used for an agricultural application.  An agricultural application was chosen to reinforce the notion of sustainability and to show that farmers could use biodiesel bikes to help manage the land on which they grow feedstock for biodiesel.
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Figure 3: The digital prototype
The completed prototype of the bike is shown at various stages of assembly in Figure 4 and consists of a heavily modified recycled Husaberg motocross bike frame, a modified 410cc Yanmar diesel engine and a CVT transmission.  All of these components were selected and integrated towards the objective maximising the fuel efficiency.
The completed bike (shown in Figure 5) was unveiled at the Royal Adelaide Show, which is a very popular local annual agricultural carnival. At the show it received considerable praise from a significant number of farmers.  The farmers were not only interested in the bike because of its use of a more sustainable fuel, but because their use of such a bike would mean that they would only need to consider the use of one single fuel in all of their farm vehicles. Whether this fuel is diesel, biodiesel or a blend of biodiesel will depend upon which is freely available in the future.

After the unveiling, and thanks to the help of the university’s media department, the students were also extremely successful in attracting media attention (Figure 6 and 7), thus raising the profile of sustainable engineering and alternative fuels.  A story of the bike was published on the front page of the University of Adelaide’s quarterly publication, The Adelaidean (Ellis 2006), which in turn led to a glowing review in Adelaide’s popular daily news paper, the Advertiser (Cooper,2006).  The Bio-Bike was also featured on three of the major television networks; Channel 7, Channel 10 and the ABC (Fat Bike 2006, Bio-Bike 2006 and Green Machine 2006).  All of the coverage praised the students’ practical application of an alternative sustainable fuel.
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Figure 4: The biodiesel bike during manufacture, test and assembly
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Figure 5: The completed biodiesel bike at the Royal Adelaide Show
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Figure 6: The start of the local media interest (Ellis 2006 and Cooper 2006)
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Figure 7: Channel 7, Channel 10 and the ABC filming the bike
Outcomes

Although the students were attracted to the project for different reasons they now all have well balanced opinions regarding alternative fuels and sustainable engineering.  They were asked two questions in a brief survey: “What attracted you to this project and do you believe biodiesel can reduce fossil fuel consumption?”  While in each response the wording was subtly different, there was a general agreement in the answers to both questions. The attraction and excitement pertaining to the project was certainly the: “hands on nature of building something as exciting as a motorbike and learning first hand whether the challenge was achievable in a small team environment”. All of the students now firmly believe that biodiesel fuel can impact upon fossil fuel consumption, but also recognise its limitations. They believe that it may: “noticeably reduce the consumption of fossil-fuels in transport, but believe that something more dramatic for our total power needs is required”.
The project has proven to be extremely popular and has been an excellent catalyst for promoting sustainable engineering ideologies, or more specifically, sustainable alternative fuels and their application. While the students were successful in achieving their engineering goals and in raising the public awareness of biodiesel, the value of the project extended far beyond this.
The participating students have developed self motivated research skills and have learnt how to work in teams towards achieving a common goal.  They have also learnt how to market themselves in order to raise finances and how to work within the budget constraints of those finances. Their engineering skills have developed through their comprehensive use of CAD, engineering analysis software and prototype testing and their confidence and communication skills have also improved through their continued liaison with industry.
The biodiesel bike project is likely to continue for many more years and its high profile within the School has already increased the general interest in sustainable engineering. While sustainable engineering has been taught as part of our Engineering and the Environment course, it now also plays an important part in the level 3 Design and Communication course, where students are encouraged to consider it as important design criteria. A ‘Canola Oil Trike’ project will continue to be developed throughout 2007 and a supercharged road bike variation of the biodiesel bike will be designed and built by students next year. 
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