1.
Introduction 


1.1
Background to the report
The world is currently dependant on crude oil, with consumption currently at 84.2 mbd (million barrels a day)1. Around 73%, or 65mbd, of crude oil is used for transportation fuels, including petrol (39mbd), diesel (14mbd), and jet fuel (8mbd), and LPG (3.6mbd)2,3. The remaining 27% percent of the crude oil is processed into heating oil, bitumen, etc2. Worldwide ethanol production, from crops such as sugar cane etc, in 2000 was 0.3mbd (ref 4) is small compared to crude oil production. Brazil produces two-thirds of the world’s ethanol4, which is equal to one third of its current oil needs5. Consumption of oil is rapidly increasing; for instance ten years ago consumption was 70 mbd6, and 20 years ago it was at 60 mbd7.  

China and India, which have over a third of the world’s population and are developing rapidly and hence are consuming considerably more oil each year. For instance China increased its oil consumption to 6mbd in 2003, a rise of over 10% from the previous year6. China in recent years has overtaken Japan as the second largest consumer of crude oil behind the US at 20 mbd6.

1.2
Definition of the problem

The demand for oil is expected to increase to 120 mbd by 20308, due mainly to increasing consumption in China and India. It is not clear if oil production can meet future demand, some research organizations (IEA8, CERA9) claim that demand will meet supply for the foreseeable future, whereas some oil geologists (Campbell8, Deffeyes10) believe that oil supply will peak in the next few years. Hence there is a great deal of uncertainty surrounding the future supply of oil.

 1.3
Aim of the research

The first priority is to understand in detail the future supply of oil, and to determine if the supply will meet the worlds demand for oil. In analyzing the future supply of oil it is necessary to look at the predictions, geologists, research organizations and others, have made to determine the most realistic assessment of what will happen in the future. The report will then try to determine how much of an effect, if any, the future oil supply will have on the economy. 

The second main aim of the report will be to review the alternatives to oil and determine how feasible they are. The analysis, of these alternative fuels, will be based on both the flow rates of the fuels needed, and also on the overall efficiency of the engines, from production of the fuels to the efficiency of the engines. The costs of the fuels are not considered part of the analysis, since governments could introduce taxes so that one alternative fuel is favoured over the other. For instance, ethanol produced in Australia, (from sugar cane etc), is subsidized by the government, but ethanol imported from Brazil has a 38.5c/L excise11. 

1.4
Structure of the Report 

The report has three key components. The first is a detailed look at the future supply of oil, and to determine the most probable future scenario. The second component of the report will summarize the standard alternative engines. To analyse the alternative engines it was considered important to look at how these fuels are produced/obtained. The analysis was done to determine, if the alternatives currently being considered by society can be practically implemented. 

The last component will critically analyse the alternative fuels. The report will look at the different types of transport fuel used and will attempt to determine which alternatives could be for which particular area. The report will also determine what must be done to minimise the effects of oil production peaking.
2. The transport energy issue; oil production peaking
Crude oil has two forms, conventional oil and unconventional oil, Conventional oil is the oil extracted from oil wells in standard oil reservoirs around the world. Unconventional oil is tar sand oil, oil shale and heavy oil (bitumen). Unconventional oil is harder to extract than conventional oil. If the report states oil without the word unconventional or conventional the oil is defined to be the sum of the conventional and unconventional oil. The assessment in section 2 on conventional oil reserves is limited to the oil that can be extracted. 
It is necessary to have a reference point in time, to work out the amount of oil discovered, the amount of oil to be discovered etc, change depending on the reference point, this report will have its reference point being the beginning of 2005, that is oil discovered to date, means oil found up to the beginning of 2005, similar oil yet to be discovered means oil found after 2005 etc. 
Conventional oil production from a particular reservoir is reasonably approximated with a bell shaped curve, initially the production is small, as infrastructure such as oil wells and pipelines are built. During the middle section of the conventional oil reserves life production is relatively flat as all of the conventional oil wells are extracting oil as fast as is practicably possible. Towards the end of the life of the oil reservoir the conventional oil becomes harder to extract, hence production begins to decrease12. The very top of the bell curve where oil production is at its maximum is called the peak. M. King Hubbert, a world renowned geophysicist, assumed that conventional oil production for a region (with many reservoirs at different stages of depletion) would follow a bell shaped curve with a peak13. M. King Hubbert’s theory essentially says that conventional oil will peak when half of the reserves have been consumed. M. King Hubbert used his model to predict, in 1956, that the peak in conventional oil production in America would occur sometime between 1966 and 1971 Conventional oil production in America peaked in 197113, and the production versus time curve resembles a bell curve. 
2.1 Introduction and estimates of when oil production will peak
The demand for oil is about 84.2 million barrels a day (mbd) or approximately 30bb per year1; demand for crude oil is expected to be around 120 mbd by 202512. Whilst oil demand estimations are widely accepted as reasonable, oil supply is highly controversial, with one geologist believing that oil production will peak in 200510 and the IEA8 believing that the supply of oil will meet demand until at least 2030. Table 2.1 shows the predictions of various people and organizations for the year of oil production peaking.  

Table 2.1 Predictions of when oil production will peak12
	Projected Date
	Source of Projection
	Background

	2006-2007
	Bakhitari, A.M.S.
	Iranian Oil Executive

	2007-2009
	Simmons, M.R.
	Investment banker 

	After 2007
	Skrebowski, C.
	Petroleum journal Editor 

	Before 2009
	Deffeyes, K.S.
	Oil company geologist (ret.) 

	Before 2010
	Goodstein, D.
	Vice Provost, Cal Tech 

	Around 2010
	Campbell, C.J.
	Oil company geologist (ret.) 

	After 2010
	
	World Energy Council World Non-Government Org.

	2010-2020
	Laherrere, J.
	Oil company geologist (ret.) 

	2016
	
	EIA nominal case DOE analysis/ information

	After 2020
	
	CERA Energy consultants 

	2025 or later
	
	 Shell Major oil company 

	No visible peak
	Lynch, M.C.
	Energy economist


2.2 Relevant oil information
To determine what is likely to happen to oil supply in the future, it is necessary to analyse some figures. BP has figures showing that world consumption of oil in 1993 was 66.687 Mbd (million barrels a day); in 2003 consumption had increased to 78.112 Mbd (Ref 6) or 79.9 Mbd (EIA Ref 14). Oil consumption for 2005 is expected to be 84.2 Mbd (ref 1), as stated earlier demand for oil is expected to increase to around 120 Mbd by 2025 (ref 12).
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Figure 2.1 The consumption of oil worldwide12. 

To illustrate the difficulties in determining the amount of convention oil reserves; in the late 80’s OPEC made an agreement, that OPEC nations could only produce a certain percentage of their reserves8. Shortly afterwards, there was a large and sudden rise in the oil reserves that OPEC nations had8. The sudden rise of the OPEC nations’ oil reserves is highlighted in table 1.2. For instance Saudi Arabia claims to have about 260 bb8 (billion barrels) however according to Sadad Al Husseini the retired executive vice president of Saudi Aramco, (Saudi Arabia’s national oil company) Saudi Arabia has only 130 bb (ref 15), before the OPEC quota war began Saudi Arabia had 170 bb. 
Table 2.2 The dubious increases in oil reserves8 
.
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Figure 2.2 The world’s remaining conventional oil reserves16 
. 
The spike in the conventional oil reserves, caused by the OPEC quota war is shown in figure 1.2 (A). Figure 1.2 will be explained in detail below. The highlighted discrepancy in OPEC’s official oil reserve figures mean that it is almost impossible to gauge exactly how much oil reserves the world currently has. BP claims that there is currently 1188.6 billion barrels, in the world17. However BP’s figure is inflated, as it includes 317.5 billion barrels (bb) of conventional oil which was ‘found’ in the mid eighties OPEC price wars. Campbell believes that there is approximately 884 bb16 (at 2002), of conventional oil which is known to exist but has not been extracted yet. Campbell’s estimate is similar to BP’s
 figure of 1188.6, if the 317.5 bb of oil ‘found’ during the 80’s OPEC quota dispute is removed. There is no information as to how much of OPEC reserves have been consumed since the mid 80’s. For instance Saudi Arabia has depleted its reserves by 40 bb since the mid 80’s15 
, so the figure of about 880 bb is most likely an overestimate.  What is known is that the world has consumed approximately 1000 bb of oil
. The amount of conventional oil which has been discovered to date is 1000 + 880 = 1880 bb. 
2.3 A look at EIA predictions and a comparison with the US peak

It is worth looking at the EIA prediction and comparing it to what happened in America, shown in figures 2.3 & 2.4. Figure 2.3 is the EIA predictions and Figure 2.4 is historic data from the US. 
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Figure 2.3 The EIA predictions of oil peaking, it assumes as a mean ultimate recovery of conventional oil of 3003 bb16. 
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Figure 2.4 Oil production peaking in America16.

In order to critically evaluate the EIA’s predictions, the assumptions that underlie the prediction need to be analysed. The main assumption used in the EIA prediction is that the amount of recoverable conventional oil is 3 trillion barrels, which as the EIA figure 2.3 shows is the U.S.G.S. estimate. Unfortunately the amount of recoverable conventional oil on earth is a murky issue. The amount of conventional oil which is known to have existed is 1880 from the previous section, so the murky part of the question is; how much oil can be found? 
The total amount of conventional oil on earth predicted by J. Laherrere16 is approximately 2000 billion barrels, or 1900 billion barrels by C. Campbell16. The IEA believes that there are ~939 bb of conventional oil still to be discovered. The U.S.G.S. (U.S. Geological Survey) figure of 3003 billion barrels (used by the EIA16) has 732 bb of conventional oil still to be discovered16. Most oil analysts do not believe the U.S.G.S is correct18. Since there is a large discrepancy in the amount of conventional oil to be discovered the next couple of paragraphs will attempt to determine the most realistic figure. 
Figure 2.2 above, is crucial in understanding the difference in opinions regarding the amount of recoverable conventional oil. The red line is the amount of unconsumed reserves left, as a function of when the conventional oil is found. For instance in 1970, the amount of known unconsumed conventional oil reserves was about 500-600 bb (Gb). As can be shown the red line is moderately linear (with the exception of the OPEC quota war anomaly) and essentially the USGS, and IEA etc presume that reserves will continue to grow linearly. At the time a new oil reservoir is found, it takes time to determine how much oil is in the reserve. Usually it takes many years to fully map out an oil reservoir, also companies prefer to under state the amount of oil in a particular reserve, as there are laws that companies on the stock exchange must follow, namely companies need to have good evidence that X barrels of oil exists in a reserve, before making the information public. 
The green line is the reserves of conventional oil backdated to the year that the oil reserve was found. For instance in 1970, the backdated value is 1100 bb which means that in 2000
 the amount of unconsumed conventional oil in the oil reservoirs known to exist in 1970 was 1100. Now as time continues, the green line will continue to change, for instance if in 2010, more oil is found in a reservoir that was discovered in 1990, then the green line point for the year 1990 will rise by the amount of oil found then. As more time continues the green line changes less, for instance if in 2010, the figure was replotted with all data known at 2010, then the amount of oil in the known reservoirs discovered in 1960 would be expected to remain unchanged. The reason is that by 2000, the amount of conventional oil in a reservoir discovered in 1960 would be essentially completely known and hence no new information about the reserve would be discovered between 2000 and 2010.
Figure 2.5 and 2.6 below highlight the increasing gap between oil discoveries and oil consumption. The figures are backdated so again there would be some increases to new finds in the future however the trend of less conventional oil being found each year is already well established. What is known is that most of the current conventional oil that is known to exist occupies reservoirs which were found before 198016. Since 1980 Significant amounts of wildcats
 have been drilled. Figure 2.7 highlights that, in the past 25 years, oil companies have searched for oil and yet very little oil is being found, compared to earlier times. The decrease in the discovery of more oil fields between 1980 and 2002 occurs despite significant increases in technical knowledge in determining where best to look. 
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Figure 2.5 Backdated world discovery of crude oil in comparison with production8, the added green line shows my estimate for the amount of oil to be discovered.
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Figure 2.6 The net difference of annual world oil reserves additions and annual consumption20 (backdated).
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Figure 2.7 The total amount of oil found as a function of Wildcats drilled8.
The true amount of conventional oil that has yet to be found is impossible to accurately determine, since it has not yet been discovered. Figure 2.5 indicates that the amount of oil discovered each year is decreasing. Ultimately the large number of wildcats drilled in the past 25 years compared to the relatively small amount of conventional oil found, emphasizes that conventional oil is becoming increasingly more difficult to find. However one or two big finds of oil could easily change the estimate of undiscovered conventional oil significantly. The amount of conventional oil yet to be found has been linearly estimated (green line in figure 2.6) to be approximately 300 bb. Hence the ultimate amount of conventional oil, to be discovered would be 1880 + 300 = 2180 bb, which is slightly more than the geologists’ estimates of about 2000 bb16, but significantly less than the USGS estimate of 3003 bb16. 
An estimate of the amount of recoverable oil in the ground is still not certain, as unconventional oil has been ignored. The world potentially has 7 trillion barrels of unconventional oil21. Both the IEA8 believe that the amounts of unconventional oil which can be extracted in the near future, between 2005 and 2030 is about 57 bb, oil geologist Campbell8 believes that heavy oil (unconventional) production will increase from about 1 bb at 2005 to 2 bb by 2030, hence Campbell predicts about 40 bb of unconventional oil being consumed between 2005 and 2030. The amount of unconventional oil that can be delivered between now and 2030 by either extremes
 in view is less than 60 bb, or less than 3% when compared to the conventional oil reserves of ~2180 bb. Finally an estimate of approximately 2180 + 60 = 2240 bb of oil discovered before 2030 can be made. 
By comparing the two cases in the EIA prediction in figure 2.3, the shape of the 2016 peak more closely matches the historic data of peak production of the US conventional oil reserves in figure 2.4. Hence the 2016 peak scenario, in the EIA figure 2.4 is more likely to occur. The EIA model would be more accurate to if it was conducted on a basis of 2240 bb of conventional oil
 instead of 3003 and to have stopped the analysis at the year 2030. Had the analysis been carried out using the assumptions of 2240 bb and with the same slopes as that of the 2016 peak, then oil production would have occurred earlier than 2016, most probably around or slightly before 2010. 

The peak production date will now be determined by M. King Hubbert’s estimate, however it is important to make clear that Hubbert’s curve is a crude generalisation, of oil production for a general region. It is important to note that worldwide as oil capacity decreases oil prices will sharply increase and hence demand will decrease, increasing oil capacity, which will lower prices and demand will increase. This wave like pattern will probably exist for several year so rather than a nice smooth curve in Hubbert’s curve, there is more likely to be a period of many years were oil production is a bumpy plateau. It’s the authors belief that this period will probably last less than 10 years, after which oil production will begin to steadily decrease. 

Hubbert estimated that conventional oil production peaks when half of the conventional oil reserves have been consumed. The Hubbert analysis should use only the conventional oil, however the 60bb of unconventional oil likely to be produced by 2030, will be included to help create a conservative estimate. Half of the oil reserves would be 
[image: image9.wmf]2

2240

=1120 from before about 1000 bb of oil has currently been consumed, demand for oil is currently at 30 bb a year and growing, so using Hubbert’s theory it can be concluded that conventional oil production will peak in 
[image: image10.wmf]4

30

1000

1120

@

-

years time or 2009. The spike in oil prices caused by hurricane Katrina in 2005, and currently by the Iran nuclear issue, may be an early indication that world oil production is entering the plateau period. Colin Campbell, who worked under M. King Hubbert recently predicted that oil will peak around 20088. For the rest of the report conventional oil production will be assumed to peak in 2010. Figure 2.8 below shows the prediction of Campbell of oil production peaking.
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Figure 2.8 Campbell’s bell shaped prediction of oil consumption peaking8.

2.4
Oil prices, its effect on demand and the economy
Section 2.4 will analyse oil prices, the previous sections have shown that conventional oil peaking will probably occur in the next 5 years. By analyzing oil prices, it is hoped that the prediction of when oil production will peak, can be refined, and to strengthen the argument that oil production will peak in the near future. Section 2.4 will reanalyse demand for oil.

The oil prices in the past are shown in figures 2.9 and 2.10. There are several spikes and dips that are related to worldwide events:

A 1979 Iranian oil crisis. Essentially a new regime took over in Iran and stopped oil exports. 

B 1991 First Gulf War a very pronounced spike due to oil wells being set alight. 

C Dip caused by the economic impact of September 11.

D Second Iraq War, the price of oil rose sharply as the US and Britton massed troops in preparation of the war in Iraq, the price dropped sharply, due to oil wells, remaining largely undamaged.

E Spike in Oil prices, caused by many factors including, Threats of violent Nigerian strikes, hurricane Ivan hitting the Gulf of Mexico, continued unrest in Iraq, and political instability in Venezuela etc. These events occurred towards the end of the 2004.  

F Spike in oil prices caused by a cold snap in Europe towards the end of the northern winter season the time of highest demand. The spike caused oil prices to rise in the early part of 2005. 

G Scared spike was initially caused by the EIA releasing data showing little spare capacity see below for details. 
[image: image12.emf]Crude oil prices

30

35

40

45

50

55

60

65

70

75

5/01/2004 5/02/20045/03/2004 5/04/2004 5/05/2004 5/06/2004 5/07/2004 5/08/2004 5/09/2004 5/10/2004 5/11/2004 5/12/2004 5/01/2005 5/02/20055/03/2005 5/04/2005 5/05/2005 5/06/2005 5/07/2005 5/08/2005 5/09/2005

Time

Price US $ per barrel   rr


Figure 2.9 The price of WTI crude oil, in recent years22  
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Figure 2.10 The price of WTI crude oil, on a longer time period23. 
The EIA released data in early June 2005 showing that the crude oil spare production capacity was only 1.5 mbd
 in the world, and almost all of the oil was in Saudi Arabia14 
. The EIA information caused oil prices to surge for 2 weeks to rise from $48 to reach a then record high of $60.95 (the beginning of the scared spike). The EIA on the 9th of August decreased the 1.5 mbd spare oil production capacity, to approximately 1.1 mbd1; oil prices steadily rose to a then record of $68.00, the only other oil news at the time was minimal refinery outages. The oil price began to decline reaching around $63.50, and was expected to fall below $60, however at that point hurricane Katrina formed and ultimately destroyed significant amounts of oil rigs and refineries and the price of oil rose to $70.85. The EIA has estimated that oil prices will remain above $55, until the end of 200624 
. 

Table 2.3 below shows the EIA prediction of the worlds, recent past and near future, oil demand and supply1. The EIA estimate1 highlights that the demand and supply of oil is converging, hence any supply disruptions or losses, have noticeable effects on the oil price, e.g. hurricane Ivan in 2004, and the price of oil has not been receding after the disruption has been fixed.   
Table 2.3 The past and projected oil demand and supply from EIA Short Term Energy Outlook August 20051.

	 
	 
	2004
	 
	 
	 
	2005
	 
	 
	 
	2006
	 
	 
	2004
	2005
	2006

	Quarter
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4
	Average 
	Average
	Average

	Demand
	82.5
	81.1
	81.7
	84.4
	84.2
	82.2
	83.9
	86.4
	86
	84.3
	85.6
	88
	82.5
	84.2
	86

	Supply
	82.3
	82.3
	83.5
	84
	84.1
	84.5
	84.5
	85.4
	85.4
	85.5
	86.2
	86.9
	83
	84.6
	86


The short term future for oil prices has been predicted by some organizations; the financial group Goldman Sachs25 and CIBC (Canadian Imperial Bank of Commerce)26 believe that oil prices will reach $100, in the near future. Goldman Sachs believes $100 will be reached in the next two years, whereas CIBC believes it will occur by 2010. The reason that oil prices have been rising in recent years (and will continue to) is due to the data released by the EIA, that there is limited spare oil production capacity. 
The last question that needs to be addressed in section 2 is: what is the effect of conventional oil peaking on the economy? As stated earlier oil prices will rise as a result of oil peaking; David Thurtell, Commodities analyst at Commonwealth Bank, says that for every $10 increase in the cost of oil causes a 0.4-0.5 decrease in the world GDP25. According to a Reuters interview with Fatih Birol the IEA chief economist, an average oil price of $50 will “slash 0.8% of the world economic growth”27. The economic effects of high oil prices stated above are typical of economic data, and economists are firmly in agreement on these figures.
What will happen to the economy if conventional oil peaks has been thoroughly examined and answered, in a recent report written by Hirsch etal for the US Department of Energy, in February 200512. The Hirsch report12 concludes that oil peaking will result in dramatically higher oil prices12. The Hirsch report also concludes that oil peaking will require trillions of dollars being spent to research and implement the alternatives to oil, and would “require 10-20 years of accelerated effort”12. According to Hirsch report if action into alternative fuels does not occur before oil peaks, then there will be oil shortages for at least 20 years and the decrease in consumption will “be achieved through massive demand destruction (shortages), which would translate to significant economic hardship”12 or in other words a global depression. News articles28,29, suggest that the effect of an oil peak production peak will be to initially cause inflation to rise, however after the initial inflation rise, the effect will be a deflation in the economy. So if no mitigating effects are implemented before oil peaking has commenced, then a global deflation style depression will result.

The steady rise in the price of oil in recent years is attempting to create two effects on the world. The first effect is for unconventional oil and some economically unfavorable oil to become economically viable to extract, and second the consumption of oil to decreases. Whilst oil companies are making large profits, and technology has improved the ways of finding more oil, the amount of oil discovered in the wells are very small; for instance the "biggest oil strike in Austria for 25 years," found recently contains the same amount of oil as the world consumes in one hour30. Consumption for oil has not decreased as a result of higher oil prices instead consumers are spending less on non essentials like going to restaurants and new clothes etc31. 
The knowledge from the current and previous sections means that it is very reasonable to assume that conventional oil production will peak in the near future, and that the high crude oil (and hence petrol) prices observed in recent years, is essentially a reaction by the market to the approaching peak. Alternative fuels will need to be research and developed to enable society in the future prosper, and to avoid the depression, however oil production in section 2.3 was estimated to occur around 2010, so it is probably too late to avoid significant negative impacts occurring on the world economy. Alterative fuels need to be researched and developed and implemented as soon as possible to avoid the depression. Alternative fuels will be analysed in detail to determine which fuels are the best suited for different situations.

3.
Alternative fuels

Section 3 will compare and contrast alternative engines; the analysis involves explaining briefly the main points of each of the alternative fuels. The engines will be compared and contrasted by focusing on technical details like comparative flow rates, feasibility issues that may exist in the engine generally, or in the processing of the fuel. Cost is excluded from the comparison as many alternative fuels are at there infancy so cost estimates would be very crude, and governments could change the relative costs by introducing taxes and subsidies.  


3.1
Biodiesel  

Biodiesel operates in exactly the same manner as regular diesel and is a good fuel; it is presumed that a diesel engine, designed for biodiesel would have the same efficiency as a normal diesel engine. Biodiesel in Europe is typically made from rape (similar to canola), and in USA is typically made from soybean32. If grown from rape, which is one of the most productive of the typical sources, it is possible to get 140 m3 of biodiesel per hectare of arable land33. The best crop is Palm oil
, will be used in for the calculations, which has a biodiesel yield of approx. 476-610 m3/km2y33,34. The world consumes 5.1bb/y of diesel3, the energy content of diesel is about 12.8 kWh/kg, and the density is 840kg/m3 ref(35,36). Biodiesel energy density is 11.2 kWh/kg37, and the density is 880kg/m3 ref(38) so the amount of biodiesel needed to replace the diesel oil is 
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km2. There is 1.5x108 km2 of land on earth, 10% of the earths land is arable (1.5x107 km2) so to grow enough bio diesel to meet the human populations diesel, society would need to sacrifice 9.7% of our farming land to biodiesel production. The efficiency of biodiesel has been assumed to be 50%, which is about what the best, diesel engine in the world can do
. With the data above, an engine operating at 50 kW would require 10 L/h, and 9 kg/h, which is slightly more than that required for diesel at 9.3 L/h and 7.8 kg/h (calculated from ref 35, 36).

There is a journal article39 which claims the actual amount of biodiesel produced (from Soy and Sunflower) is less than the amount of fossil fuel energy needed to produce it. It should be noted that whether biodiesel creates a gain in usable energy or a loss, is a contentious issue amongst scientists. Another article states that 3.2 litres of biodiesel are produced for every litre of oil consumed32. Nearly 10% of arable land needed to produce biodiesel is unfeasible, however a very small percentage of the future diesel needs, could be produced from biodiesel.
3.2
Ethanol

Ethanol can be produced for many different sources. Alamo has an ethanol yield40 of 293 m3/km2y, however the best yield is 475 m3/km2y from sugar cane16. Currently 14.4 bb of petrol are consumed every year3, the density of petrol is 737 kg/m3, and the energy density is 12.9 kWh/kg (ref 36,41). The energy density of ethanol is 7.4 kWh/kg37, and the density is 789kg/m3 ref(37). The amount of ethanol needed to replace petrol, is 
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bb/y =3.73x109 m3/y. The resulting area needed to produce the ethanol would be 
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km2 which is approximately 50% of the world’s arable land. Ethanol is similar to petrol in efficiency, assumed to be 30%. The data above results in a 50 kW engine requiring 22.5 kg/h or 28.5 L/h, which is moderately more than petrol at 12.9 kg/h or 17.5 L/h36,41. 
Ethanol can be added to petrol at about 10% of the overall fuel; however the reduction in the cost of the fuel is only ~5c/L (ref 42). To use 50% of the world’s arable land, to produce ethanol for engines is not practicable; so only a very small fraction of ethanol can be practically produced. 
3.3
Electric car

An electric car has an operating efficiency of about 88% ref(43), and a recharging efficiency of 88% ref(43). An electric car therefore, has an overall efficiency, electricity to useful energy of 77%43. The best battery in terms of energy density according to a slightly dated EERE website44 is Zinc and Aluminium Air Batteries, however the anodes dissolve into the solution, which makes the batteries complicated to recharge, even a simple batteries take several hours to recharge. The energy densities of zinc air battery are up to 200Wh/kg. Lithium ion batteries, have an energy density of 183Wh/kg ref(45) and a density of 2560kg/m3 ref(45), however it is claimed46 that a lithium sulfur batteries have an energy density of 400Wh/kg and a density of 1.06 kg/L. For a 50kW engine using lithium sulfur battery the mass flow rate is 162 kg/h and a volume flow rate of 152 L/h. 

3.4
Hydrogen   

Hydrogen has a high energy to mass ratio, 3 times higher than oil, and around 100 times higher than hydrogen peroxide47. To produce hydrogen from electrolysis of water is 70-80% efficient48, depending on the scale and speed of extraction hence 1.25- 1.43J of energy is needed to produce 1 J of hydrogen. The energy needed to liquefy hydrogen, varies in proportion to the scale of production. Small scale production need around 40-50 MJ/kg (hydrogen)49. Alternatively large scale production is as low as 30 MJ/kg ref(50), which results in 1.2 – 1.35 J of energy (electrical and the hydrogen) needed for every 1 J of hydrogen gas. Hence the energy needed to convert water into liquid hydrogen is 1.5-2 J. To compress hydrogen to 70 MPa requires ~16 MJ/kg51, which equates to 1.11 J of energy (including hydrogen) needed to compress 1 J of hydrogen gas. Hence to produce 1 J of compressed hydrogen at 70 MPa requires 1.38-1.58 J of energy. The density of liquid hydrogen is 70kg/m3 ref(52), the density of gaseous hydrogen compressed to 70MPa is 30kg/m3 ref(52). The energy density of hydrogen is 39.4kWh/kg53, the efficiency is 55% for fuel cell54, and 30% for internal combustion54. For a 50kW engine a fuel cell engine needs 2.3 kg/h, or 33 L/h (liquid) or 77 L/h (compressed gas), an internal combustion engine needs 4.2 kg/h or 60 L/h (liquid) or 140 L/h (compressed gas). 

The liquid hydrogen has to be stored in a special tank with an outer and inner wall separated by a vacuum to ensure that the heat losses are minimised. Losses from such a tank are around 3-4% per day50. The losses of 3-4% are caused by heat losses vaporising the liquid hydrogen into gas, because the tank has a vacuum between the two walls, it cannot support high pressures so the hydrogen gas has to be vented, to prevent the tank from rupturing. 
Pressurized hydrogen tanks and hosing need to be very well engineered so to not rupture during a car accident. Typically Hydrogen is stored at 35 MPa however researchers are looking at increasing the pressure to 70 MPa55. Compressed gas has been refueled in Munich Airport via a similar method to that of LPG56. Liquid hydrogen needs to have refueling stations with a robotic arm, which is complicated and expensive. For liquid hydrogen the temperature of the nozzle is too cold to be touched by a person. One such robotic arm is operating at Munich Airport56. 
3.5
Hydrogen peroxide 

Hydrogen peroxide has a moderately low energy density hence it will be shown that 98% hydrogen peroxide operating a diesel type engine, assumed to be 50%, would need 240 kg/hr, or 166L/hr, for a 50 kW engine. It will also be shown that 98% hydrogen peroxide in a turbine type engine would have a theoretical efficiency of 57% and a 50 kW engine would need 208 kg/hr or 145 L/hr. The current methods of producing hydrogen peroxide are highly inefficient. However there is research currently underway to make a fuel cell, which operates on hydrogen and oxygen and produces both electricity and concentrated hydrogen peroxide
. 
3.6
Methane  

Methane engines have an efficiency similar to that of petrol (say 30%) and already taxi’s, buses and private vehicles are running on methane. The energy per volume of methane relative to petrol or diesel is less. Methane can be produced from coal fields and there are considerable amounts of coal reserves- enough for several hundreds of years. Natural gas fields are predicted to peak a few decades after oil; however methane can be produced from coal. It is very hard to predict the natural gas peak date57; the difficulty is due to limited information, problems in measuring the size of the gas fields, and unknown increases in demand once oil peaks. Jean Laherrere predicts natural gas reserves will peak around 203047. The energy content of natural gas is 15.2 kWh/kg58 and the density of liquid natural gas is 0.448 kg/L (ref 58). A 50 kW engine operating on methane would require a flow rate of 11 kg/hr or 24.9 L/hr. 

3.7
Summary of Alternative fuels

Table 3.1 A summary of the different engines, from a variety of references.
	Fuel for a 50 kW engine
	kWh/kg
	efficiency
	kg/hr
	density kg/L
	L/hr

	Diesel
	12.76
	50%
	7.8
	0.86
	9.3

	Petrol
	12.9
	30%
	12.9
	0.73
	17.5

	Biodiesel
	11.2
	50%
	9.0
	0.88
	10.2

	Ethanol
	7.42
	30%
	22.5
	0.789
	28.5

	Electric car
	0.4
	77%
	162
	1.063
	152.8

	Hydrogen Fuel cell liquid
	39.4
	55%
	2.3
	0.07
	33

	Hydrogen Fuel cell gas @70 MPa
	39.4
	55%
	2.3
	0.03
	77

	Hydrogen Internal Combustion L
	39.4
	30%
	4.2
	0.07
	60.4

	Hydrogen Internal Combustion G @70 MPa
	39.4
	30%
	4.2
	0.03
	141

	hydrogen peroxide 98% (Diesel type)
	0.42
	50%
	239
	1.443
	166

	Hydrogen peroxide 98% (rocket type)
	0.42
	57%
	208
	1.443
	145

	LNG
	15.2
	30%
	11
	0.441
	24.9


Biodiesel and ethanol are excellent fuels but there is not enough land that can be used to produce the entire petrol and diesel needs for society. Electric cars are highly efficient and quiet, however recharging the batteries takes several hours and the rate of consumption is very large. Hydrogen has a high energy density however there are issues both with the tank and refuelling. Hydrogen peroxide is easier to refuel than hydrogen, but it has a very low energy density and hence has a high rate of consumption. Methane like oil can be used in many engines; however natural gas reserves like oil reserves are predicted to peak. 
Hydrogen, hydrogen peroxide and battery power are all forms of an energy carrier, these cannot replace oil, the alternatives to oil will come from the electricity source that is used to produce these fuels, (or possibly in the case of hydrogen some other fuel source). Of these energy carriers electric batteries are by far the most efficient at converting electricity into energy. Electricity is currently mostly produced from coal and nuclear power; both of these fuels are finite. Australia in particular has the capacity to build wind farms, which could in the future produce 30% of Australia’s energy needs. 

The hydrogen peroxide engine has several faults. Firstly, hydrogen peroxide has a low energy density hence it requires a very large flow rate compared to petrol. However it is comparable in volume to an electric car. Hydrogen peroxide’s flow rate is large compared to hydrogen, but liquid hydrogen requires very expensive machines to refuel the car without human intervention, and compressed gases generally are more difficult to transport than liquids. Hydrogen peroxide being liquid at normal temperature and pressure makes it easier to transport and transfer into devices more easily than hydrogen. Hydrogen peroxide has also been largely ignored by researchers as a valid alternative fuel, whereas fuels like hydrogen, electric etc, have been heavily researched for decades. There is also very interesting new research underway into hydrogen peroxide production. For these reasons hydrogen peroxide was deemed a fuel of interest and has been researched in detail. 
4.
Analysis of how alternative fuels will be used in the future
Section 4 will analyse the alternatives and determine what role each of these fuels will have in the future. The attempt to determine which alternatives will succeed in the long term is a challenge, which scientists and engineers are debating. Section 4 will assumed that hydrogen is produced from electrolysis of water and hydrogen peroxide from a future possible fuel cell operating on hydrogen. Section 3 illustrated that none of the alternatives, are capable of replacing oil on their own. The question to be answered therefore is what role can each alternative practically accomplish, and are there any engines which have no alternative? 
4.1
Analysis of the role each alternative fuel
4.1.1
Basis the analysis will use
To answer the posed question, it is necessary to determine how the analysis will proceed. To analyse the different alternatives this section first looks at the different uses for oil in engines used for transport, starting at small engines and ending at the large enignes. The time period chosen in the analysis has been 2030. It will be assumed that conventional oil peak in 2010
, hence by 2030 conventional oil production will have been decreasing for 20 years.  By 2030 oil production would have decreased to about 20 billion barrels a year. Section 2 also predicted that a global depression would occur as a result of oil peaking, so demand for oil will be assumed to be only 30-35 billion barrels a year, as opposed to 40 billion barrels a year predicted on the basis of a strong world economy12.
4.1.2
Small appliances
Most probably electricity will replace oil for gardening appliances, such as lawn mowers etc, and some now are electric, for instance some lawn mowers are now electric. Many others oil operated appliances such as blower-vacs will be replaced by brooms, and other un-motorised appliances. Small yards for instance may use a mechanical push mower. Small essential, appliances such as chainsaws etc will either operate on oil, or will operate on ethanol. 
Small scale moving appliances such as forklifts etc, appliances that operate in factories, will probably be powered by electric batteries and motors. The batteries have a large weight and volume, and hence will have a lower range than typical forklifts etc. However forklifts can be plugged into the mains of a night-time when the factory is shut. Small factory equipment requiring a smaller tank volume or lighter fuel would probably use methane initially from standard natural gas reserves however further into the future from coal.

What will fuel farming equipment, tractors, quad bikes, farming four wheel drives etc is not trivial. Farms typically have a storage tank on site that is filled by a tanker. These tanks are filled every couple of months, depending on the size of the farm. Whatever fuel is used it must be able to withstand being stored for several months, be moderately safe and easy to handle, and have a high energy content. The Biodiesel is a possible solution, however can enough biodiesel be produced to meet the demand. Assuming biodiesel cannot meet the farming demand, the only other alternative is to use some of the oil reserves. Liquid hydrogen has a very good energy density, but would evaporate too quickly to be useful to the farmer. Compressed gas especially gas stored at 70 MPa, which is what is hoped will be feasible, has a reasonable energy density, but is neither safe nor easy to handle. Hydrogen peroxide and electricity would have too low an energy density, and would therefore be impractical.   

4.1.3
Medium sized engines
The alternatives to cars in the short term are definitely methane, and ethanol blended fuel, however in the long term (2030), cars will probably be divided into two types. The first type will be micro-cars, similar in size to the Mercedes Smartcar, operating on electric batteries, and would be about half the size of a regular car, having two seats, have a range of about 100-200km and have a top speed of 80km/hr. The micro-cars would be used to drive to work and back in cities around the world. The micro-cars would plug into the electricity grid at night to recharge. Hybrid petrol electric motors may also be used to power these cars.  
The second type of car would be the people movers, commercial vans etc; these cars would be reasonably large normal cars. These cars would possibly run on hydrogen, it is difficult to say whether compressed hydrogen or liquid hydrogen are the better options, though researchers seem to be favouring liquid hydrogen. If the car is compressed hydrogen, then significant safety obstacles need to be overcome, first to build a tank, capable of withstanding the pressure and be relatively affordable, and secondly prove that it is safe in an accident. Liquid hydrogen, has safety concerns particularly in regards to the boil off, and has functionality issues; it could be the case that some cars will continue to run on oil and natural gas. Whatever happens by 2030 car travel will be more expensive than today, and unnecessary travel will be less. 

What fuel will succeed for large trucks is uncertain. If the world had enough farm land or if oil production is sufficient, then biodiesel and diesel would meet the role perfectly. If not, then it is possible that liquid hydrogen engines running on a modified diesel engine would be a solution, however this is uncertain. Hydrogen peroxide and electricity are both unsuited to this size engine, due to the large flow rates required.

Passenger trains will probably operate on electricity, though the cost of electrifying train lines will be very expensive. A solution for freight trains might be to reintroduce steam locomotives running on coal. Since the technology is already available and coal reserves are comparably plentiful. Though using oil or methane is also a strong possibility. Other options such as liquid/compressed hydrogen might be unviable options due to refuelling difficulties. It may be the case (or not) that hydrogen peroxide is used; the large flow rate required is easily solved by having a hydrogen peroxide wagon. Also hydrogen peroxide would be easier to refuel than hydrogen, particularly if small hydrogen peroxide factories are nearby. 
4.1.4
Large engines
Cargo ships could operate on several different fuels. Likely candidates for cargo ships could be coal steam ships, or methane from coal. Using coal is possible as the technology is well known, and there are large worldwide coal reserves. Due to the increased danger of refuelling ships hydrogen, would be less favoured than other options. And due to refuelling times battery power is unacceptable. It is unlikely that biodiesel would be used for cargo ships as other applications rely more heavily on biodiesel being an alternative, and there would not be enough arable land to produce both. Hydrogen peroxide is again a potential resource, with small hydrogen peroxide plants located at the harbours.  

Finally the most difficult engine to replace is the jet engine. There is little or no research being carried out by either of the two airline manufacturers into any alternative, or in the companies that supply the engines etc. Equally there is no really good alternative with the exception of either, making the jet fuel from diminished oil reserves or using liquid hydrogen. Liquid hydrogen is hard to implement, due to the larger volume of fuel that would need to be carried, and considerable research would be needed to be undertaken, which is not happening. It is probable, that air travel will be significantly reduced by 2030
4.2 Possible methods of minimizing the effects of oil peaking 

Mitigation can be achieved by following three broad ideas, these ideas Knowledge, Conservation and Clean energy. The first category knowledge, encompasses informing the public of the position the world is in regarding oil supply and demand, and significant research and development in alternative fuels and into the electricity production, and devices to produce the fuels, and ways of distributing the fuels. The second category conservation involves reducing petrol consumption, electricity consumption etc. It will be explained how reducing consumption can be done with minimal impact on our quality of life. The third category, clean energy, is a push towards clean energy, for instance in countries such as Denmark and Germany wind power produces a large fraction of the countries electricity needs.

The first part of knowledge is that the media, governments, oil companies etc., around the world need to state clearly and concisely the issues surround oil supply; which is that conventional oil production is likely to peak around or before 2010 and hence society must adapt. Oil peaking data needs to be accurately researched and published, so that the general public will be more willing to decrease the amount of consumption. The current information available to the media surrounding future oil production is widely contradictory and difficult to understand; hence the media has typically not explored the issue in detail.    
One component of the knowledge section is research and development into alternatives fuels, which will require large funding by world governments, and industry. The research into alternatives needs to be practical research, which can be quickly implemented into society. The research would explore the alternatives described in section 4.1, and the production and distribution of the fuels etc. The research would be similar in structure to research is the Manhattan project, to build the first nuclear bomb, as instead of making sure patents and journal articles are written, time is spent fully on experiments and development etc.
One aspect of the conservation section would be a subsidy/tax system on new and old cars. For new cars there would be a subsidy on small fuel efficient cars, which would be funded by a tax on new inefficient cars. A fuel consumption of X would be defined as a zero point, a car with fuel efficiency lower than X would receive a subsidy as a percentage of the difference. And similarly a car with a fuel efficiency greater than X pays a tax, the size of which depends on the difference. The tax/subsidy system would also be placed on the registration of old cars. So an efficient car gets a subsidy and an inefficient car has a tax. The scheme ought to be mathematically rigged so that it neither costs the government money nor funds the government. 

A similar tax/subsidy scheme should be implemented to household goods, so that things like air conditioners, and conventional hot water unit were taxed and low or no energy appliances such as whirlybirds for roofs, insulation bats and solar hot water units are subsidized. New houses and renovations should be forced to meet certain thermal efficiency standards. That is a house would have to be built in a way that suits the environment of the area. As part of conservation of land, new houses in outer suburbs should have to pay a tax, which fund a subsidy scheme to entice urban renewal in inner city. The scheme would encourage cities to be more compact and hence decrease the distance traveled by inhabitants to work, hence fuel consumption would decrease. 

The last component clean energy is a shift in the future energy needs of Australia, from coal fired power stations to green energy. Wind farms, hydroelectric and solar ideas such as the solar chimney ought to be built instead of new coal fired power stations or nuclear power stations. A large media campaign to highlight the issues of oil supply (part of Knowledge) should ease NIMBY concerns, against things like wind farms. The clean energy component is easy to implement, but it will require a government push combined with a well informed general population of the issue surround oil supply. 
If the three notions of Knowledge, Conservation, and Clean Energy are implemented, and if conventional oil production does peak around 2010 then the world economy would probably still suffer a global depression, however the impact of the global depression would be less severe, than if the proposed mitigation ideas had not been implemented. Societies and individual need to be aware of the issues surrounding oil supply and to change lifestyle patterns before oil peaks.  
5.
Conclusion and Recommendations





It appears that conventional oil production will peak sometime around or before 2010. The exact year of oil peaking is uncertain due to limited and inadequate information, being available. Oil peaking will probably result in a global depression. High oil prices are already impacting negatively on world economic growth. 

A hydrogen peroxide engine has been investigated and designed. A review of literature has shown that the engine almost certainly works. A detailed look at relevant patents has determined that the engine is new. The engines’ theoretical efficiency has been calculated to be 57% for 98% hydrogen peroxide and 62% for 90% hydrogen peroxide. The flow rate of the engine is large with 98% hydrogen peroxide using 145L/h, and 90% hydrogen peroxide using 179L/h for 50KW’s. The hydrogen peroxide engine may have a potential future use in train engines and cargo ships. 

The alternative energy options have been investigated. None of the alternative fuel sources are as easy to use or have as diverse applications as oil. It is believed that all of these alternatives will be utilized in the future and that none of these alternatives will be able to be used for all the applications that oil can. 


It is strongly recommended that three broad policies be implemented by governments around the world and especially in Australia. These policies are Knowledge, were information of the approaching peak oil production is researched are made widely known to the general public. The second category is Conservation, whereby a raft of tax/subsidy schemes are implemented to conserve energy consumption and to produce more compact cities. The schemes would be rigged to neither fund, nor cost, governments. The third component was Clean Energy, which involves a nation push towards clean energy. 
6. 
Appendices

6.1
Climate Change

Another side issue to the future limited oil supply is the effect of pollution on climate change. Figures 6.1 and 6.2, show an increase in the both the average global temperature and the carbon dioxide emissions. 
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Figure 6.1 The rise in carbon dioxide levels59.
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Figure 6.2 An Alternative carbon dioxide graph60.
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Figure 6.3 The rise in average global temperature61.

Already some scientists believe that the higher global temperatures are resulting in more severe hurricanes being formed, such as hurricanes Katrina, Rita and Wilma. So the temperature rise observed in figure 6.3, may already be having an effect on the world climate62. 

There is concern that the rise in temperature could cause ice in Antarctica and Artic regions to melt causing the water level to rise. The area of most concern is the West Antarctic ice sheet. If the West Antarctic ice melted it would cause the world sea level to rise 6m ref(63). The ice is relatively unstable, and is believed to be stabilized by the Ross, and the Ronne-Filchner ice sheets63. Both the Ross and the Ronne-Filchner ice sheets have had icebergs the size of small countries, breaking off these sheets in recent years63. What is even more worrying is that the temperature in Antarctic peninsular, which is nearby, has risen by almost 3oC in the past 50 years63. It should be pointed out that the probability of the ice breaking up in the next 100 years is low. Hopefully the alternatives to oil which, will be implemented will be non-polluting as well as sustainable, otherwise the world’s sea level may be different in only a few hundred years.       

6.2
Algae Diesel

There is the potential to create biodiesel from algae. The idea is that carbon dioxide from coal fired power station is used to produce algae, which is used to make biodiesel and natural gas. Research is being done by Murdoch University in Western Australia into uses of algae64, and Cognis operates a large algae plant near Geraldton65. The NREL (national Renewable Energy Laboratory, part of the Department of Energy) conducted research into algae production66. NREL favoured unlined “raceway” ponds which were stirred using a paddle wheel, and had carbon dioxide bubbled through it66. The water used for these ponds is wastewater (treated sewerage) freshwater, brackish water, or salt water, depending on the strain of algae grown66. The algae should be a native to the region. 
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Figure 6.4 A schematic of the Raceway ponds66. 

Other countries, notably Japan67,68, are interested in closed systems; however these systems (at least from NREL perspective) are very expensive.

If the carbon dioxide from a coal fired power station is pumped directly through a pipeline to a near by algae ‘farm’, then the amount of carbon dioxide absorbed into the algae is around 30% (ref 69). The reason the value is so low is that the algae does not grow at night hence all carbon dioxide pumped then, goes straight into the atmosphere, also the algae grows more in summer than in winter69 (and the carbon dioxide is assumed to be constant at all times. Assuming the power plant and the algae plant are close together, then the carbon dioxide costs would be minimal or negative. The other method is to concentrate the carbon dioxide and pressurize it and truck it to the algae farm, and then release the carbon dioxide into the ponds as and when it is needed. It is hoped that >95% of the carbon dioxide can be consumed70, since the exact amount of carbon dioxide is pumped into the ponds, for the given time. The ponds would be 10 hectares in surface area69 and have should have a depth of 15-25cm ref(66). The paddle wheel would be moving the water at a steady flow of approximately 15-25 cm/s ref(66). The ponds would be unlined, that is made of compact clay, with gravel in the bottom to ensure no soil becomes agitated into the water. 

The following are assumed

· Algae yield 100 tonnes/ha.y ref(71)

· 2.2 tonnes carbon dioxide needed / 1 tonnes algae70.

· Water needed 4m3/m2.y ref(70). Most of the water is lost due to evaporation, some is consumed by the algae, and some is lost in the harvesting of the algae. 

· A 500 MW coal fired power station produces 3.67x106 tonnes of carbon dioxide69. 

· 3.5 barrels of biodiesel per tonne algae produced69.

· 6 MJ methane per tonne algae generated69.

· Energy density of LNG is 15.2 kWh/kg and density is 448 kg/m3 ref(58)

·  Capital Costs to build the algae farm are US$100,000 per hectare69. 

· Generic Operating Costs US$30,000 per hectare per year69. The operating costs include the money to grow the algae and to extract the vegetable oil, and methane. 

· Cost of concentrating and trucking carbon dioxide US$40.5/tonne CO2 ref(72)

· Assumed an exchange rate of AU$1 = US$0.75 

· Biodiesel sold for AU$1, LNG sold for AU$0.4. (Assumed no taxes)

· Operating costs of a biodiesel plant being US$0.32/gallon biodiesel73.

· Capital costs of a biodiesel plant being US$1.04/annual gallon of biodiesel73. This is AU$100 million for the 30% option and AU$320 million for the >95% option. 

With these assumptions two different designs will be analysed, direct pumping the carbon dioxide to the farm (30% efficient), and concentrating, compressing and transporting the carbon dioxide to the farm (>95% efficient). A basic list of the costs and needs associated to the algae farms is shown in table 6.1, based on a 500 MW power station. 

Table 6.1 The needs and outcomes of the algae farm

	 
	30%
	95%

	Land area (ha)
	5005
	15850

	Water needs (ML/y)
	200180
	633910

	biodiesel produced (m3/y)
	278470
	881830

	methane produced (m3/y)
	122
	388

	Capital costs (AU$ millions)
	769.3
	2436

	operating costs (AU$/y millions)
	231.6
	931.5

	biodiesel money (AU$/y millions)
	278.5
	881.8

	Methane money (AU$/y)
	48995
	155150

	Total fuel money (AU$/y millions)
	278.5
	882.0


The strains of Algae most favoured by the NREL researchers66 were Chlorophyceae (green algae). The other favoured algae is Bacilliarophy (diatom algae), however the diatom algae needs silicon in the water to grow, whereas green algae requires nitrogen to grow66. The researchers noted that under nutrient deficiency the algae produced more oils per weight of algae, however the algae also growths were significantly less66. Green algae tend to produce starch, rather than lipids. Certain green algae strains are very tolerant to temperature fluctuations whereas diatoms have a fairly narrow temperature range66. Green algae had very high growth rates at 30oC and high light in a water solution of type I at 55 mmho/cm ref(66).  
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Figure 6.5 The different salt water solutions tried by NREL66.

It is believed that these values are in mg/L, however the report is not completely clear on this matter66. Salt water has 35-45 mmho/cm ref(66) and approximately 35g/L of salt. A 500ML/d desalination plant would produce a salt solution of ~70g/L, at a rate of 500ML/d. A desalination plant would produce ~180,000ML/y which is almost the necessary water needs of the 30% algae pond. As stated in the assumptions, the water is lost due to evaporation in the ponds and also to water lost in the extraction process. 

Essentially all research into algae ponds assumed the ponds grew in desert locations. Desert locations are ideal for algae growth due to the hot temperatures. The land for the algae ponds needs to be land which unusable for anything. The algae ponds would be unlined and the water contains a high salt content. The land would not be capable of supporting any plant growth after the ponds are removed due to the salt being absorbed into the soil. The farm land 5000 ha is significantly large, to consider the scale, it is approximately the same as a trapezoid, with the points Newcastle esplanade, the John hunter hospital, Gateshead high school on the pacific highway, and the bottom of Glenrock at Dudley. The land also needs to be very flat, to accommodate the ponds. 

For the ponds to be feasible the there would need to be a location, which has a desert, near a city, with nearby coal and moderately fresh water for the power station, a significant amount of land, and would need to be close to the water for the salt water supply. The algae ponds means of converting carbon dioxide waste into biodiesel could only be considered a viable option for very specific locations in the world. 

Water has been assumed to be free and both the power station and the desalination plant would need to be built in close proximity to the algae ponds. The cost of the carbon dioxide for the 30% analysis is assumed to be nil. The capital costs for the 95% analysis was assumed to be US$100,000/ha. Other reports have claimed capital costs around US$75,000/ha ref(66,70). The biodiesel plant would require large amounts of natural gas, significantly more than what the residue algae produce. It is assumed that the natural gas produced would be used to supplement the natural gas needs of the biodiesel plant. 

The operating cost of $30,000/hectare.y includes the harvesting of the algae and the conversion of the algae into vegetable oil, methane and algae residue69. The harvesting process involves making the algae to “bioflocculate”, and to settle to the bottom of settling ponds69. The algae are then put into a centrifuge to concentrate the algae69. The paste then formed is then transformed into vegetable oil and remaining algae66. The process is assumed to follow the same process as soybean extraction, and is assumed to be 3 times higher in unit cost than soybean extraction66. The remaining algae is put into a covered pond and anaerobically consumed into methane gas and residue algae66,69. The residue algae can be put into the ponds as a source of nutrients66. It should be strongly stressed that bioflocculation, whilst possible, has not as yet been fully researched69. Also the conversion of algae into vegetable oil has not been researched in any meaningful way by any institution66. Equally it is believed that the algae may contain too high a water content, which would not enable it to be converted to vegetable oil by the same means as soybean66 and hence the three-fold price increase. The operating costs have also factored in the cost of converting the vegetable oil into the biodiesel.    

 It should be noted that (ref 70) claims that the carbon dioxide concentrating and trucking costs are US$100 per tonne carbon dioxide. Assuming this the carbon dioxide operating costs for the 95% option becomes AU$1222 million, which is considerably more money. The analysis generally should be taken with a grain of salt, and should be considered to be overly optimistic and simplistic.   

The amount of biodiesel oil that can be produced is approximately 3.4% of the diesel consumption of Australia, on an energy basis for the 30% option. Or in other words Australia would need 30 ponds of the same size to meet its diesel needs. The difficulty in finding a location, which has the entire necessary resources close by, means that algae is not an option for many locations. Algae farms are definitely not a solution for a place like the hunter region, as most power stations are a considerable distance from the ocean, and algae ponds in the hunter region would probably cause salt to seep into surrounding areas, which would create salinity issues. Ultimately research by NREL was abandoned research into algae biodiesel production66. There is still some research into algae biodiesel production at the University of New Hampshire74. However the general idea still requires considerably more research to be carried out, before it can be implemented anywhere, and it is only practically suitable to a small number of locations in the world.  

Table 6.2 The Capital and Operating Costs for a system using carbon dioxide flue gases pumped directly into the ponds (ref 69).

[image: image24.png]Table 1. Microalgae capital and operating costs

PRODUCTIVITY ASSUMPTIONS Currently ~ Maximum
Projected  Theoretical

Avg, ash-free dry weight, g/m?/day 30 60
Annual Productivity, mt/ha/year 109 219
Oil Produced, @ 3.5 barrels/t, barrels/ha/year 380 760
CHy Produced, @ 6 MJ/t, MJ/ha/year 650 1,300
Solar Conversion Efficiency, % total 5 10
CO, Fixation, tC/haly 66 131
LAND AREA REQUIRED (500 MW(e) Power Plant)

1 MtCly CO; Production, growth ponds x 1.2, ha 6,000 3,000
CAPITAL COSTS (S/ha);

Ponds (earthworks, CO; sumps, mixing) 27,500 33,000
Harvesting (settling ponds, centrifuges) 12,500 17,000
System-wide Costs (water, CO5 supply, etc.) 30,000 40,000
Processing (oil extraction, digestion) 10,000 20,000
Engineering, Contingency (25% of above) 20,000 27,500
TOTAL CAPITAL COSTS ($/ha) 100,000 137,500
Capital Costs, $ tC/yr 1,515 1,050
OPERATING COSTS ($/ha/yr):

Power, nutrients, labor, overheads, etc. 10,000 15,500
Annualized Capital Costs (0.2 x Capital) 20,000 27,500
Credit for methane, @ $3/MJ -2,000 - 4,000
Credit for oil, $ 25/barrel -9,500 -19,000
Net Operating Costs 18,500 20,000
€O, Mitigation Costs, $/tC 280 150

ASSUMPTIONS:  30% CO average annual CO; utilization
500 MW(e) power plant, 1 MtC COp/year output
Recycle of 10% of the C fixed to ponds (in biomass residue)
Biomass composition: 50% lipid, 25% carbohydrate, 25% protein.
Heat of combustion: 7.5 Kcal/g (60% C in biomass).
Avg. annual solar insolation: 500 Langleys, 45% visible.
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� Table 2.2 the underlined anomalies equate to 317.7 bb. 


� Figure 2.2 will be explained in considerable detail below. 


� The BP figures are from 2005


� The OPEC figure of 170 bb of reserves in Saudi Arabia in 1989, is the last credible data from OPEC for Saudi Arabia, Sadad Al Husseini estimate of only 130 bb is very plausible, given the 15 year gap, and that he was once the executive vice president of Saudi Aramco.


� Campbell estimates 944 bb18, at the beginning of 2005 and 873 at 2002, oil consumption has been 30bb each year so this is just under 1000 bb now, and the EIA has consumption of oil between 1960 and 2004 at 870 bb19, and from figure 2.3 about 150 bb was consumed before 1960, so combining this is 1020 bb. 


� when figure 2.2 was calculated


� Wildcats are boreholes which determine if there is oil in the ground or not.


� IEA is considered optimistic, and oil geologists such as Campbell are considered pessimists.


� It should be stressed that 2300, is considered an overestimate


� The black heavy component in figure 2.6 is unconventional oil.


� Spare oil production capacity during the 90’s and early 00’s was around 3 mbd14. 


� Richard Gibb Chief economist at Macquarie Bank, believes OPEC can only increase production by another 1mbd and Non-OPEC countries are producing at capacity25.


� Saudi Arabia where most of the spare oil capacity production exists has dubious data, hence there has been speculation by oil analysts. 


� Biodiesel can be produced from algae, this is explored in detail in the appendices. 


� A diesel engine efficiency would more realistically be 40-45%, however all efficiencies used in the calculations are slightly higher than that which is generally practically reached.


� see section 4.1.2 for more details


� section 2 determined conventional oil was most likely to peak around 2010.
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