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If there is an expression in Danish equivalent to the English word "serendipity", the lucky art of finding something valuable while searching for another object entirely, it may well have to do with looking in Icelandic hot springs for bugs that could make paper manufacturing more efficient, and instead finding a way to cut back on global warming and solve any coming fuel crisis.

A team from the Technical University of Denmark hunting microbes in Iceland wanted to find one that fed on the grass that blew into the hot, sulphury springs on the island, surmising that its ability to break down the lignin in the grassy stalks to get at the starches inside and make them into sugar for energy could be used to extract lignin from woodpulp to make paper in a more environmentally friendly, more efficient fashion.

Then someone had a lightbulb moment, and realised that if this bug was making sugars from grass, and could do the same with wood waste, or any other biomass material; producing sugars that could be made into ethanol, there was a potential here to make ethanol biofuel out of, quite literally, almost any old rubbish. 

The importance of biofuels to the world is that, first, they replace the fossil fuels that must, eventually, run out, second, they are cleaner, third, they are made from renewable resources, and fourth, and perhaps most importantly, they cut back on the carbon emissions that come from fossil fuels and that add to global warming. With even the leadership of the United States waking up to the risk to the planet from rising world temperatures, biofuels are growing in importance, and will do even more in the future as countries look to cut carbon emissions. In the US, for example, the Energy Policy Act, passed in 2005, calls for production of 1 billion gallons of biofuels a year. In Europe, the target for 2010 is a 5.75 per cent market share for biofuels in the overall transport fuel supply.

So-called "first generation" biofuel plants produce ethanol - alcohol – from raw materials such as corn (maize), rape seed, soy beans and sugar cane. Ethanol can be used in any modern car at a ratio of one-to-nine with gasoline without modification, and with a relatively inexpensive conversion kit, modern cars can run on fuel that is 80 per cent ethanol to 20 per cent gasoline. The ethanol that first generation plants produce is reckoned to be 60 per cent carbon neutral, that is, only 40 per cent of the fuel burnt is adding to the carbon in the earth's atmosphere. But there is a lot of unused waste from the plant, and although some of it can be used as animal feed, when more and more ethanol is produced, there will eventually be too much waste material to be fed to cattle and the like. In addition, there are ethical objections from many people about using foods that could be eaten by people to make fuel, when there is so much hunger still in the world.

This is where Professor Birgitte Ahring and her team from the Technical University of Denmark, together with their Icelandic microbes come in. For the past 15 years Professor Ahring has been developing a way of using almost all the ingredients present in biomass – the name for anything recently living, or its waste products, such as dung - to make not just ethanol, but other fuels as well. The so-called "second generation" biofuel plant Professor Ahring's company, BioGasol, has designed, is reckoned to be 90 per cent carbon-neutral, and the ultimate aim is to beat everyone else on cost as well.

BioGasol, which was formally established in January 2006, is one of more than 20 different spin-offs set up by the Technical University of Denmark in recent years. It is financed by the new Energy Solutions division of BankInvest Group, one of the largest asset managers in the Nordic region, which was founded in 1969 by local and regional Danish banks, and BankInvest's Jens Christian Mathiesen is chairman of BioGasol. So far, Mathiesen says, BioGasol has spent around 50 million Danish kroner of public grants and BankInvest money, about £4.5 million, with a total capital investment so far of £2 million, on its pilot plant at the Technical University, which has been taking quantities of straw and turning it into ethanol. 

In addition, Professor Ahring says, the BioGasol plant makes a lignin solid fuel from the leftovers after making the ethanol, ^which burns easily and is clean for ash – this lignin product is around 20 per cent of the incoming material, and we make it into pellets for sale to power plants or to consumers to burn at home," she says "We also make some hydrogen, pure enough to put more or less directly into a fuel cell. Finally we make a lot of methane that purifies our water during the process and runs everything we are doing and still makes 25 per cent excess energy for putting into the electricity grid. There's nothing that leaves the room without being used. The basic philosophy is no waste products at all – we believe this is going to set the rules for the future."

The next step is a demonstration plant, and BioGasol is well advanced to open a refinery early in 2009 using its technology on the Danish island of Bornholm, in the Baltic, which will make 10 million litres of ethanol and 10,000 tonnes of lignin pellets a year For biomass, professor Ahring says, "we will have a mixture of different grasses, waste products like garden clippings, and manure – which is a serious problem in Bornholm, they have too many pigs!" 

The appealing thing about ethanol, Mathiesen says, "is that you can distribute it the same way you distribute gasoline. You can substitute up to 10 per cent of gasoline consumption without changing anything, but even with a car that can run on pure ethanol it's a very minor change, a minor expense, about two or three hundred dollars." 

It is BioGasol's ability to use any raw biological material that is one of the factors in its likely successful future, Professor Ahring believes. "We can use virtually any agricultural material," she says. "I spoke with one colleague today and he had a fun way of viewing it – because he has done an estimate of how much grass grows along the roads in Denmark, his estimate is that for the Danish situation five per cent of all the fuel we need for all transport in Denmark is actually next to the car! When it comes to biomass material only imagination is filling the limit. So first of all it's waste products like straw of wood chips or all kind of residues like garden waste. In the long run we will see a lot of new energy crops coming up which is grown for making a lot of biomass per unit of land. That means compared to making corn or grain, or whatever you will have maybe 50 times more outcome per plot of land. Then you can really move the field."

Unsurprisingly, with the excellent prospects for biofuels, BioGasol has a lot of competition in the race to be first with viable mainstream technology - "new ones coming up every day", Professor Ahring says. But he professor, and Jens Christian Mathiesen, say BioGasol is "18 to 24 months ahead of the competitors". "Our strength is the fact that we have all kinds of technologies – not just in the biotech part but all the technology we have put together, which makes it possible for us to make ethanol more cheaply and in the long run that's what maters for our survival," Professor Ahring says. "We have 11 or 12 patents, some of them covering very major fields where no competitor can go in. But there are two important elements that really distinguish us from anybody else that has started in the field. We have a very effective way of 'opening' the biomass so that we can get into these sugars that are in there but which have not previously been available for the production of fuel. The second is our technology in using all sugars, which we can do because we have this 'superbug' we hunted a long time ago in Iceland."

The superbug the Danish investigators found "was good from the beginning – all we did was take away some of its variety, when it was converting the sugar into ethanol it would also naturally make so lactic acid, and the lactic acid pathway we deleted. It's not like a bug that has lots of foreign DNA, it's a bug that has simplified its way of living." 

One area where BioGasol expects to do big business is providing bolt-on kit to "first generation" biofuel plants that currently have to sell their waste material as "distiller's grains" cattle feed. "We would be able to help a first-generation plant, because the distiller's grains looks a little like biomass, and our technology can make that into more ethanol – we have calculated that by using our technology you can make 20 per cent more ethanol in a first-generation corn-to-ethanol plant," Professor Ahring says, adding that BioGasol is already talking to an American customer about just such a bolt-on addition.

The business model for BioGasol, she says, "is to be a technology provider, licensing out our proprietary technology and delivering specific equipment where we have patents." The company "has concentrated on two markets – we want to demonstrate the technology at home, by making the Bornholm plant, and secondly we want to be in the American market, so we are working on setting up a demonstration plant in the United States. We will sell the technology to operators in the US."

On the financial side, Mathiesen says, " we will go through a funding round in the autumn with a view to raise 50 million euros to finance part of the plant on Bornholm as well as a further strengthening of the biotech platform, proving the technology is economically viable both in the Born Biofuel stand-alone plant on Bornholm and as an add-on to a first-generation plant. Then we intend to go to the public market with a float."

With the popularity of "ethical" investments, as well as he bright future that appears to be in front of biofuels, it is hard to see any float being anything less than a huge success.

