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Oil yield per hectare of microalgae significantly exceeds other
common oil sources such as soya and rapeseed
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ABSTRACT

Recent talks have outlined the disadvantages of land based (agro-fuels) as feedstock for biofuels. This report looks at these disadvantages and proposes an alternative scenario, the potential of aquatic alternatives; primarily micro-algae. Micro-algae come in different strains, each strain contains a differnt carbon content and different fuels can be produced.
Although other aquatic alternatives exist, like macro-algae and fishwaste, this paper focuses on micro-algae and looks at the harvesting potential in the Mediterranean region. It also gives examples of where pilot projects are being implemented in the EU, as well as possible areas where algae could be harvested, mainly in the southern and east Mediterranean basin (Turkey, Morocco, Algeria, Tunisia etc).
It outlines the various processes of extracting oil for bio-fuel production from algae and the technologies currently available. It also highlights the fact that producing algae oil is not yet completely economic viable and the only way economic viability could be achieved is by producing and selling valued by-products. 
Keywords:
Micro-algae, Mediterranean basin, algae oil, open pond, photo-bioreactors, 

1 Introduction
Recent talks on biofuels from agricultural resources (agro-fuels) have outlined their un-sustainability in the production phase; commodities such as corn, rapeseed, palm oil and soya are being grown and harvested in a way that could have negative economic, social and environmental effects, and have a global impact on land use, food security, water resources, deforestation and global markets.  

The European Union directive (2007) will require all EU member countries to rely on biofuels for 10 per cent of their transport fuel needs by 2020, in order to cut greenhouse gases, energy consumption and combat climate change. Bio-fuel production will have to therefore increase. But at what costs?  A solution could be found in algae oil, algae oil has many advantages over agro-fuels and can contribute to achieving the 2020 directive in a much more sustainable manner. 
This paper will be looking at alternatives to agricultural commodities for bio-fuel production and focusing primarily on micro-algae production as a feedstock for biofuels. On going algae projects in Europe will be mentioned as well as the potential for algae oil production in the countries of the southern Mediterranean basin.
2 agro-fuels vs algae fuel and the potential for algae oil 
production  in the mediterranean Basin
Up until very recently agro-fuels were thought to be the answer to part of the worlds’ energy problems. Soya, rapeseed, sugar, etc could be grown, harvested and made into a liquid fuel relatively easily and at fairly low cost.  What was not considered was the negative impacts growing these feed-stocks would have on the world as a whole. 
2.1
Negative Impacts of agro-fuels:

Some of the negative impacts of agro-fuels are briefly highlighted below;

· Biodiversity – Increase in monoculture as farmers grow one product and do not diversify

· Markets - Growing crops for the production of biofuels can be a lucrative business having hence an impact on markets.

· Food security – Growing crops for bio-fuel production takes land away especially in developing countries from food production.

· Increased nitrogen in the environment - Another concern is that intensive farming increases the amount of nitrogen oxide released into the environment.
2.2 Micro-algae the alternative:
Micro-algae have been aqua-cultured for many years for pharmaceutical and for health food purposes but never in a large scale commercial enterprise. The oil/lipids contained in some species of micro-algae is very similar to vegetable oil making it very suitable for energy production. Some of the main advantages with producing micro-algae for energy production are;
· Does not compete with agriculture

· High per acre yield

· Contains no sulphur therefore no SO2 emissions

· Does not require soil for growth

· Industrial emissions of CO2 can be productively consumed by micro-algae. 

Yields from micro-algae are much higher when compared to agro-fuels biofuels. 
[image: image3.png]


Soya – 446 litres yield from 1 hectare of land (mainly used in the US)
Rapeseed – 1190 litres yield from 1 hectare of land (mainly used in EU)

Micro-algae – Up to 39 500 litres yield from 1 hectare of land

      Source: www.aquaticbiofuel.com

Micro-algae hold great promise because they grow rapidly, and are rich in vegetable oil they can produce more oil in an area the size of 2 garages than an entire football field of soybean. 
Different strains of algae can produce different types of oils for different kinds of fuels, from jet fuel (kerosene) to heating fuel for household use, making it very versatile and diverse.
2.3.1
Growing Micro-Algae:
There are three main ways to grow micro-algae for fuel these are; engineered photo bio-reactors or PBR’s (picture 1), open pond system (picture 2), or closed pond systems. (Similar to open ponds but covered in cooler climates).
Picture 1: Photo Bio-Reactor (PBR)

Picture 2: Open Pond system

The open pond system requires constant 15o C temperatures, ​less maintenance, is less expensive to set-up but does produce lower yields, where as the photo bio-reactors have a higher start-up cost, require engineered maintenance but do produce a higher yield per hectare. (Recent companies in the US however, have dropped the price of PBR’s to almost the same cost as open ponds).
Hundreds of species of micro-algae are being experimented with, such as Arthrospira platensis (spirulina) which is easy to culture and easy to harvest but does not contain a high oil content and Haematococcus pluvialis (red algae), which is very high in oil content. With the correct species in place and the right conditions, 1 tonne of wet algae biomass can yield about 200 litres of oil.  


Significant hurdles have yet to be overcome however before micro-algae to bio-fuel production becomes cost-effective and makes a difference to the world’s supply of transport fuel. Some recent developments in technology have managed to surpass some of the problems making the process more energy efficient.

· Capital and operational costs
· Development work to increase productivity and harvesting systems.

· Cost of drying and extraction.
It is foreseen by the US industry that full commercialization of algae oil will begin to take place in the US in roughly 4 to 5 years.

2.3 Micro-algae Bio-fixation Process – with wastewater (open or   


closed pond system):
Micro-algae can grow in open raceway, mechanically mixed (paddle wheel) ponds, supplied with all the nutrients required for the algae to grow CO2 (Carbon dioxide) + N (nitrogen) and P (phosphorous) and other minor elements like Fe, S, Mg, Mn, Ca. Wastewater can provide most of these elements although their carbon content is limited when compared to the other elements present. 
Flue gas
 or transported organic waste can account for most of the CO2 that is delivered to the pond however some sequestered CO2 may need to be provided from nearby plants. Open pond sewage facilities may very well be the option for developing countries especially those countries in the Mediterranean basin, to produce, harvest and convert the algae biomass to biofuels and other products through the bio-fixation process. 
Each tonne of micro-algae biomass produced is equivalent to about 1 tonne of CO2 abated.
2.5
Current work in algae oil production in the EU

United Kingdom:
Possibly the biggest algae venture in existence in the EU is the ₤26 million publically funded project by the British company Carbon Trust. Carbon Trust plan to build a large algae farm in Northern Africa. It has been working extensively over the last year, analysing the algae bio-fuel opportunity and developing a R&D strategy, to overcome challenges. The Algae Biofuels Challenge, (ABC) is a 2 phase project. Phase 1 will address fundamentally R&D challenges and phase 2 will move to large scale production of algae oil
. 

Scotland:
Another EU funded project for EUR 6 million, has just been launched by the Scottish government, called BioMara. The BioMara project will not only be looking at the single celled algae species but also at the larger seaweed species which grow quickly and can be harvested for their biomass
.
Spain:
In 2007 Aurantia (A renewable energy company in Spain) and Green Fuel Tech (Massachusetts, USA), joined forces to produce algae oil. Their $US92 million project will eventually scale up to 100 hectares of algae greenhouses producing 25,000 tons of algae biomass per year. The plant will obtain its CO2 from a cement plant near Jerez. 
Italy:
Eni the Italian Energy Company have a 1 hectare pilot facility in Gela, Sicily. The project is testing the photo-bioreactor facility as well as open ponds.


2.6
Potential of algae harvesting in the mediterranean region:
The countries with a coastline onto the Mediterranean Sea (roughly between 45oN and  30oN), are suitable locations for algae farms, in particular in those countries south of the Mediterranean that experience warmer climates and whose temperature do not go too much below 15o C throughout the year. New technologies in algae harvesting have also made it possible for such open pond farms to be located in slightly cooler climates by covering them with special material making them behave in a similar was as a greenhouse, this can certainly increase the latitude in which such farms can be built.  
Many countries in the Mediterranean basin have a large potential for algae harvesting. Some countries like Israel have being growing and harvesting algae for pharmaceutical purposes for decades and recently have begun to produce different strains for fuel production. 

Particularly attractive are the southern countries that border the Mediterranean Sea which have high temperatures and vast unused desert land, like Morocco, Algeria, Tunisia and Egypt. Whereas countries like Libya, Cyprus and Turkey could also harvest algae on marginal land. Although it may be true that some of these countries do not have abundant water resources it is also just as true that algae do not require freshwater (they can grow with recycled brackish or salty water). Furthermore these countries are developing countries and could strongly benefit from such an industry. Algae farming can provide jobs for locals and the transfer of technologies to developing countries can only be beneficial for the country concerned.. 

With the high temperatures in the Mediterranean region, the open or closed pond system would probably be the most efficient and most suitable to grow the algae.

2.7
Other factors to be considered:
Some other important factors should be considered when finding a suitable location for algae farming. Firstly algae thrive on CO2, therefore a good source of CO2 should be identified before setting off on a project, whether the CO2 comes from a factory or a cement manufacturer makes little difference. Secondly wastewater is a good nutrient for algae giving it not only extra CO2 but also other nutrients like Nitrogen and Phosphorus. 

2.8
Economic Viability:
It is a well know fact that algae oil is still not economically viable, the United States is making huge steps in trying to accomplish this and experts say that it may still take 3-5 years to achieve algae’s full economic potential. In the meantime other sources of revenue can come from by products of the algae production system and from other resources. 
Both CO2 and wastewater can add economic value to the project, by providing revenue for the algae farm. Carbon Credits can be obtained for sequestering CO2 from nearby emitting plants and then resold at higher costs. Utilising municipal wastewater for algae cultivation can also provide revenue. 

Once the algae has been harvested and the algae oil has been extracted the left over biomass can be utilised in various ways. It can be burnt to produce more energy, made into biogas through anaerobic process or used as animal feed.
3 CONCLUSION:
It is obvious that algae fuel cannot solve the entire needs of the EU liquid fuel requirements, however it can make a significant contribution to meeting the 2020 directive. Algae farms can be established in the countries of the Mediterranean basin area to produce algae, hence making the EU less dependent on fossil fuels and at the same time contribute to the climate by lowering CO2, NOx, and SO2 emissions. Desert and coastel areas of the southern Mediterranean countries could host such farms produce the crude oil and either refine it or transport it to Europe as a crude oil. Initial investments may be high, however in the long run these investments would pay off economically and environmentally. 
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� � HYPERLINK "http://journeytoforever.org/biodiesel_yield.html" ��http://journeytoforever.org/biodiesel_yield.html� 


� Flue gas is � HYPERLINK "http://en.wikipedia.org/wiki/Gas" \o "Gas" \t "_blank" �gas� that exits to the atmosphere via a flue, which is a pipe or channel for conveying   �            exhaust   gases from a fireplace, oven, furnace, � HYPERLINK "http://en.wikipedia.org/wiki/Boiler" \o "Boiler" \t "_blank" �boiler� or � HYPERLINK "http://en.wikipedia.org/wiki/Steam_generator" \o "Steam generator" \t "_blank" �steam generator�


� http://www.carbontrust.co.uk/News/presscentre/2008/algae-biofuels-challenge.htm 


� http://www.biomara.org/





