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Introduction

There is one inconvenient truth that everybody in the energy business would agree and it is that one day petroleum oil will run out. Already cheap oil has run out and the world will have to pay more for energy, especially clean energy. With the world population projected to only plateau out at 9 billion in 30 years and with the unprecedented rapid growth in emerging economies, energy demand will be expected to be explosive. Fossil fuels which have taken billions of years to accumulate will continue to be depleted (and much more rapidly) and the resulting emissions of CO2 and other greenhouse gases have generated concerns of climate change and global warming. Whether these are the result of mostly human activities remain to be seen in the future but meanwhile the world has to be prepared to provide appropriate risk management. Most developed nations have finally realised the importance of sustaining the Earth’s ecology and have embarked on improving their ecological footprints. Policies to mitigate emissions of greenhouse gases and renewed efforts of finding alternative energy have gained worldwide acceptance. However it is only in liquid fuel alternatives that investment has risen significantly while coal still remain relatively cheap and continues to cause much pollution, e.g. to produce one megawatt hour of electricity it costs just US$7 in Australia using brown coal, versus US$43 in Singapore using imported fuel oil. 

Renewable Fuels
There are limited choices in the selection of energy from conventional and non-renewable fuels, e.g. nuclear fission (with associated radiation risks), petroleum, oil sands and gas (being depleted), and coal (polluting and will also be depleted) while fusion energy is not yet in sight. Renewable sources of energy are attractive as they can be carbon-neutral and almost non-polluting – solar (still expensive), wind/geothermal/wave (site specific only), biomass (still relatively expensive) and food/oil crops. Social and moral issues on saving the planet, reducing emissions and mitigating pollution are important but it is viable economics which will override all other considerations. The price of liquid petroleum has risen to meet that of edible oils which had been in a long-term decline for decades, e.g. petroleum at US$70/barrel ~ US$476/tonne and consider 1.5 times cost to provide refined diesel; for comparison July 2007 price of edible oil of about US$580 with cost of production in the range of US$250-400/tonne and consider 1.3 times cost to convert to biodiesel. Rising petroleum prices have made biofuels (mainly from food crops) the natural alternative renewable energy resource but there has been a subsequent impact on food prices. The energy needs of the world are actually massive and the present excess food sources (oil crops for biodiesel; sugar and carbohydrate crops for petrol) can at best supply 3-5% of total energy needs. Strategies need to be in place to cater for the present biofuels production while the urgent need remains to develop other known technologies for the production of practical renewable biofuels.

Presently only a few food-derivable biofuels are economically competitive with petroleum, e.g. tropical sugar-cane for bioethanol; used vegetable oils, palm and jatropha oils for biodiesel. Even the use of crude palm oil remains marginally profitable unless oleochemical co-products (glycerol and derivatives such as propanediols, chlorohydrin and even methanol, selected glycerides and methyl esters) and phytonutrient by-products are factored in rather than purely for biodiesel. Jatropha oil from a shrubby tree having an oil yield about a third of that of oil palm, provides suitable biodiesel but production is a labour intensive activity; it is however readily acceptable being a non-food crop that utilizes semi-arid land not suitable for food crops. Though tropical biodiesels may be attractive, selling them to Europe and N. America suffers from some disadvantages such as added shipping costs, necessary discounts to rapeseed biodiesel and various protectionist practices. 
Sustainable Biofuel Production

Much of the explosive growth in biofuel production has been fueled by government policies, e.g. US has mandated to use 20% of biofuels by 2017, EU 20% by 2020 and China 20% by 2020. It is unclear whether these targets will have to be modified with time or how they can be met realistically just by rapidly expanding agriculture without new ecological impacts.

Brazil has been a leader for bioethanol production from decades out of necessity due to lack of own petroleum as well as having natural advantages of available land and sunshine. While there may be further demands for land for the production of sugarcane bioethanol, the biofuel is considered carbon-saving in view of high yields and that energy-efficient processing utilising bagasse is practised; up to 90% carbon-emission reduction has been estimated for sugarcane bioethanol. While energy security and partial independence from petroleum may have been achieved, bioethanol use had not come about smoothly for Brazil. During the years of cheap petroleum (below $20/barrel) bioethanol lost its competitiveness but this has allowed the entry of flexi-fuel engines which can use bioethanol or petrol; the final outcome is that Brazil is now an advanced biofuel-using country that will probably produce more biofuel than that from Europe and US combined.

In the US ambitious plans for corn bioethanol to reduce petroleum imports depend on the lower yielding corn crop (4 times less than sugarcane) and requiring a two-step enzyme processing and without using the stover biomass; carbon-emissions reduction may be only about 20%. Prices may be competitive with gasoline but production still needs government subsidies to be economic and the present diversion to grow more subsidised corn for bioethanol has exerted considerable upward pressure not only on carbohydrate food prices but also on edible oil prices. The commitment to use biofuel in the US may have useful impact in urban areas because of improved emissions from biofuel combustion. However, the gasoline needs of the US are massive and the little benefit in percentage terms, even with competitive bioethanol prices, for the ecology of large swathes of the country, is only minimal. But instead, given the scale of biofuel operations which require large expenses of new agricultural land and other infrastructure, other simpler options should also be considered. Such a massive land needs can upset the food prices and the creation of too much co-products, increased use of fertilizers, etc., will also need to be considered. Since such small ecological gains (usually around less than one percent) could otherwise be achieved if simple conservation strategies are enforced, e.g. efficient engines, lighter vehicles, optimal inflation of tyres, etc. However, if energy prices continue to escalate, biomass-to-liquid (BTL) technologies that can produce clean biofuels could make an economic as well as ecological impact by using biomass such as waste agricultural and forestry biomass.

The case for biodiesel from soy or canola crops in US faces similar problems as the demand for feedstock would create pressure on land presently used for food crops. Biodiesel from used vegetable oil and animal fat has always been acceptable but for economies of scale large inputs of crop oils are needed. Use of more biodiesel rather than bioethanol remains compelling not only in terms of energy density available, carbon-emission reduction and cost but also in view of higher, compression-ignition efficiency and clean emissions offered by new diesel engines. Also, the switch to use more hybrid electric-biodiesel vehicles would do much for improving efficiency as well as energy conservation. In an era of rising prices of petroleum, crop oils will be similarly impacted and this means that biodiesel production may not be the economic solution but that urgent solutions need to be found for more agricultural land or better crops. 

Palm Biodiesel. Palm oil seems well placed to be both a good food oil and a biofuel obviously due to low prices as a result of being the highest oil-yielding crop and cost-efficiency of the producers. Previously, in times of low edible oil prices, poor quality oils and palm acid distillate have been directly used as fuel. And at times of high petroleum prices, CPO has been used as fuel for electricity generation. The success of canola biodiesel in Europe because of the mandatory use of this fuel has opened up another opportunity for production of palm biodiesel, where high-priced canola biodiesel shortage has been predicted even with continuing subsidies. For a long time, palm oil has been mostly sold with a discount to many temperate oils and this has also been the case of palm diesel versus canola biodiesel. The surge in demand for palm oil for food by China and also US has escalated the price of oil as to make it unattractive to produce biodiesel. The demand coming from planned biodiesel plants is also evident at a time when there is not much designated agricultural land in Malaysia is available and new estates will have to be in land-rich Indonesia and Papua New Guinea. The shortage will be temporary until new trees mature or the faster growing Jatropha bushes provide an alternative feedstock for biodiesel. Jatropha produces about one third the yield of palm oil but can grow in poor dry soils in arid areas. However it is labour intensive for seed collection and it is not known whether in the longer term it will be subject to destruction by some parasites which have already been encountered. In locations where cheap labour is available, the cost of oil production from Jatropha can be lower than the higher yielding palm. Further with agronomic improvements and better crop varieties, there is the potential of improving oil yields. Similar considerations are also being given to another seed oil crop – Pongamia.

The food-vs-fuel issue for palm oil will remain; it is generally known that it will not be possible to replace any significant percentage of fossil energy with biofuels with the present technologies. More realistically substitution of a small percentage of biofuels into transportation fuels is advantageous to improve the quality of emissions and also help to reduce carbon emissions. In anticipation that palm diesel could be a traded commodity, there have been a marked increase in plans for biodiesel plants (Malaysia 2 mT, Singapore 1 mT, Indonesia 2 mT and eventually up to 6 mT each for Indonesia and Malaysia). However, prices of edible oils in 2007 have not been conducive for biodiesel and it is only those plants that have diversified to produce co-products and/or valuable by-products that can benefit. 

Palm Biodiesel, Co-Products and By-Products. It is known that virgin palm oil contains valuable minor components, e.g. natural vitamins A and E. Palm biodiesel essentially is methyl esters which are the fuel components while co-product glycerol and minor components remain. The following Table summarises potential of by-products that may be exploited so that the production of methyl esters as biofuel can remain price-competitive. At high feedstock prices profit margins based on biodiesel alone is small and may not be sufficiently meet the expected return-on-capital.  

Among co-products, crude glycerol needs to be purified by membrane technology. Despite fears of a glut in glycerine, there is increasing demand from China and as the world comes to the realisation that glycerol is not only a building block for the fine chemicals industry, lower prices will make it suitable for petrochemical derivatives that are in great demand, e.g. propanediols, epichlorohydrin (a surprising reversal of role when once this is an intermediate to glycerol) and even methanol, as microbial feedstock or fuel. Fractionated esters when fully hydrogenated are useful oleochemical intermediates. Under controlled conditions monoglyceride can be a valuable co-product. On a relatively smaller scale, the most attractive are the high-valued vitamin E and carotenoids, important phytonutrients which have shown good promise. Natural carotenoids contain -carotene and lycopene in combination with others unlike synthetic -carotene which can have adverse effects. Palm vitamin E is a unique combination containing tocotrienols, which are phytonutrients with rather remarkable biological activities, the potential of which are only recently being realised. Extraction of these high valued materials as shown in the Table will make esters and biodiesel appear as co-products. 
Diesel -Vegetable Oil Blends

It is well known that the original diesel engine has been designed to run on peanut oil or other vegetable oil but with cheap petroleum, engines are now optimised for diesel which has useful characteristics such as optimum viscosity, low residue and good combustion characteristics. While methyl esters of vegetable oils and fats can meet these criteria, it is straight vegetable oil that can provide better reduction in carbon emission. Methanol, a fossil gas product, and energy required for processing as well as waste product mitigation all add to reduce the intended carbon-emission or greenness of biodiesel. The planned use of 5% blends in Malaysia using refined palm oil with low residues will hopefully be successful for the present generation diesel engines, otherwise it would be a catalyst for engine modification to cater to a truly green biofuel. There are also obvious economic advantages that there is no dependence on new processing plants and percentages (e.g. 2% to 10%) of refined palm oil can be adjusted gainfully according to the prevailing prices of diesel and RBD palm oil. This is very much the earlier intended philosophy of assisting the palm oil industry in times of unusually depressed prices where excess stocks can be burned as fuel. However, the present consensus is that the collapse of petroleum prices is unlikely and that food prices will now be closely correlated to fuel prices, in view of convertibility of food to fuel.

Diesel -Vegetable Oil Blends

It is well known that the original diesel engine has been designed to run on peanut oil or other vegetable oil but with cheap petroleum, engines are now optimised for diesel which has useful characteristics such as optimum viscosity, low residue and good combustion characteristics. While methyl esters of vegetable oils and fats can meet these criteria, it is straight vegetable oil that can provide better reduction in carbon emission. Methanol, a fossil gas product, and energy required for processing as well as waste product mitigation all add to reduce the intended carbon-emission or greenness of biodiesel. The planned use of 5% blends in Malaysia using refined palm oil with low residues will hopefully be successful for the present generation diesel engines; otherwise it would be a catalyst for engine modification to cater to a truly green bio fuel. 

Table. Conversion of 1 tonne of virgin palm oil to biodiesel with by-product recovery (July 2007)

	Description
	Costs / RM
	Selling / RM*

	1 tonne of CPO 
	2,100
	

	Processing costs
	300
	

	Capital costs
	Not included
	

	Biodiesel and methyl esters, inclusive of shipping
	
	2,900

	Natural carotenoids 30% concentrate
	
	(1,700)

	Special vitamin E, tocotrienols, 50% concentrate
	
	(3,580)

	Glycerol and other minor components
	
	(300?)

	Co-products and transformation products
	
	(500?)

	Monoglyceride, hydrogenated esters, chiral diglyceride, etc
	
	(300-3,000?)


*Estimates in brackets, July 2007

There are also obvious economic advantages that there is no dependence on new processing plants and percentages (e.g. 2% to 10%) of refined palm oil can be adjusted gainfully according to the prevailing prices of diesel and RBD palm oil. This is very much the earlier intended philosophy of assisting the palm oil industry in times of unusually depressed prices where excess stocks can be burned as fuel. However, the present consensus is that another collapse of petroleum prices is unlikely and that food prices will now be closely correlated to fuel prices, in view of convertibility of food to fuel.
Other High-Yielding Oil Crops

Jatropha has been targeted as an alternative to oil palm for growing in marginal lands and when plentiful labour is available. Although of lower yield but faster growing, the cost of production can be lower than palm while the oil is quite suitable for biodiesel even for temperate countries. Further there is no food-fuel controversy for this crop, and concerns on cancer promoting chemicals in the plant have not as yet been shown to be a problem as the cake which contains most of the chemicals is not eaten but used as fertilizer. While the potential is there to improve yields from suitable varieties and good agronomic practices, sustaining it as an estate crop for the long term has still to be proven.

Except for sugarcane and to a lesser extent beet-root sugar, low yields and processing costs in bioethanol production from other food crops appear to provide minimal reductions to carbon-reduction. One notable exception that is being overlooked is that high yields of starch is available from the potato which is capable of yielding up to 21 metric tonnes of starch per ha which is the estimated equivalent of 10 tonnes of oil per ha, challenging the oil yield from palm.

The use of algal biomass as a source of triglyceride oils is well known as a high technology operation. In terms of per ha yield, algae grown in tanks can provide impressive yields of up to 37,500 gallons of oil per ha; estimates of yield/ha at 10-40 times that of the oil palm have been quoted. However, to obtain 37,500 US gallons/ha yield it may require an input of $80,000 and means that the production cost is $606/tonne oil. Other values have been quoted, such as 34-90 tonnes/ha/yr which in terms of cost can be about US$39-69/barrel, as compared to the cost of production of CPO at about $32/barrel or RM750/tonne. Commercial trials on marine algae could possibly have maximum potential in desert areas with plenty of sun and when close to a fossil-fuel powered electricity station where the CO2 emissions can be recycled by algae to make oil. Even then it may be more useful to dry the algae for burning as fuel rather than expending energy for further oil extraction. With petroleum prices remaining high, it may just be feasible to develop this alternative source of energy at certain specific locations. Likewise fermentation technology for another useful biofuel, biobutanol, which has better fuel properties than bioethanol, could be useful biotechnology especially if wastes can be used.
Biomass-to-Liquid Fuel Technologies

It is clear from the discussion so far that while it is possible to generate biofuels from crops, notably food crops, this has come about partly at the expense of food crops or forested land, and it is unlikely to be acceptable or even sustainable. Furthermore, the energy needs from fossil fuels are enormous and the present world’s biofuel capacity can only meet a few percent of these energy needs. While food and oil can be readily transformed to liquid fuels, the major part of the world’s biomass remains in the form of cellulose and lignocellulose. As biomass in the form of wood, straw, agricultural waste is ubiquitous and cost involved in their use will be in their collection for processing. The storage of solar energy which remains in bulk biomass happens to be in a difficult form to break down into sugars and then bioethanol. 

Old technology is available to acid-digest cellulose to glucose which can then be converted to bioethanol. Less energy consuming processes involve the use of enzymes (e.g. cellulases) which can break down cellulose to glucose which can be further transformed to bioethanol. Several trial plants have been in operation but the problem of cost remains as enzymes remain expensive and processing remains slightly high biotechnology. While renewable feedstocks can be grown (e.g. hemp, grass, etc) relatively cheaply, the present cost of production of cellulosic bioethanol remains high, usually 2-3 times that obtained from food crops. However, when previously not realised, xylose not just glucose is produced from the ubiquitous lignocellulose biomass but developments can now be made to provide the required yeast varieties for complete fermentation. Once low cost enzymes become available, cellulosic bioethanol as an alternative transportation fuel can be an economic reality. Further, as bioethanol is a poorer fuel compared to petrol, conversion to ETBE using in part butylenes from petroleum will provide for improved fuel efficiencies.

One of the more promising technologies is the old Fischer-Tropsch catalytic reaction which can convert gases (C1 carbon gases and hydrogen) to liquid fuel. Biomass can be converted thermally to gases which can undergo catalytic conversion to liquid hydrocarbons, very much like the present plants converting fossil methane to larger hydrocarbons. In Germany liquid diesel fuel can be produced at a cost of $1.22 per litre, slightly more than the price of petroleum diesel of $0.7/L with petroleum at $70/barrel (compare biodiesel from edible oils and fats in Europe costs about $0.8/L). Costs may be reduced for countries with an abundance of wood waste or other suitable biomass.

Other technologies for making mixed hydrocarbon-biofuels have also being explored. Depolymerisation techniques have been recently applied to generate biodiesel using vegetable triglycerides and petroleum hydrocarbons to produce diesel fractions which provide good emission characteristics.

It is noteworthy that research and development for biofuels can hitherto achieve targets previously thought to be unlikely. Investment in biofuels as alternative energy sources is encouraging but still remains small being dwarfed by the amounts spent for fossil fuel annually. Targets set on industrial and agricultural emissions for the next several decades depend on the success of promoting sustainable practices and creating new technologies otherwise the future generations may have to bear any undesirable consequences.

Conclusions

The energy demand of the world is massive and the present dependence mostly on fossil fuels is still high. While it is possible to convert vegetable oil or carbohydrate foods to biofuels, all of the world’s vegetable oil production can currently meet about 3% of the global oil demand.  Presently targeted biofuel needs have already caused the rise in food prices so that increasing biodiesel’s role as an alternative transportation fuel remains to be minor. Its introduction however has altered the decades-old decline in edible oil prices and will be beneficial for growers as excess oil can find ready markets as biodiesel. Since the need for biofuels is enormous, there is the urgent need to find more agricultural land and high yielding crops including non-food crops (potentially Jatropha, Pongamia, algae, etc), otherwise undesirable ecological impacts may arise. The original intention of using biodiesel and bioethanol to reduce pollution from vehicle emissions still remain important especially in large cities but biofuel use is unlikely to be able to reduce in any significant way the massive carbon emissions caused by fossil fuels.

 The present production of bioethanol relies on mainly on sugarcane and corn, the latter being actually minimal as a carbon-reducing fuel. Presently targeted for development is in the use of lignocellulosic wastes, the most abundant biomass on Earth, and the race is on to optimize the efficient production biotechnology for bioethanol. Significant reductions in production cost have been achieved and biomass to biofuel conversions may be economic soon if the price of petroleum continues to rise.

As biofuels are unlikely to make any significant impact on overall carbon emissions or for replacement of fossil fuels at the present time, conservation strategies remain just as important. Technological changes such as hybrid-vehicles, new concept vehicles and appliances requiring less energy, need to be created. Over the longer term sustainable renewable energy inclusive of biofuels can probably be attained at an acceptable cost relative to fossil fuels.
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