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Durham University ïDr Chris Greenwell
Å Addison Wheeler Fellow, Durham University 2007 - present.

Å Senior Scientist, Varicon c 2008 - present

Å Through Varicon Aqua Solutions holds a position on the EABA 
industry members board.

Å Works closely with Centre for Sustainable Aquaculture Research in 
Swansea: bioengineers, aquaculturists, algae physiology modellers.

Å Forthcoming project:

ú530K EU FP7 AlgaeBioSorb, 2010-2013. Working on catalysis for 
trans-esterification, decarboxylation & pyrolysis.

Å Previous Projects include:

2005-2007 Blue Biofuels, Global Petrochemistry R&D project, £1M+ 

2006 Pavlova2Jet, Global Petrochem R&D
2008 Technology RoadMap for Algae Biotech in Wales, Welsh 
Assembly Government, with Swansea University.
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Prof Toni Slabas: £2M project on algae-to-fuel.

ÅMaterials and Chemistry for Energy, 

ÅElectricity Conversion, Transmission and Distribution, 

ÅGeo-Energy, 

ÅSociety and Energy, 

ÅBusiness, Economics and Law, 

ÅTechnologies for Fusion Energy 
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KiOR

ÅKiOR is a leading biofuels company located in 
Houston Texas, USA. It is mainly funded by 
Khosla Ventures and was founded in 2007. 

ÅKiOR and its highly experienced and qualified 
team are developing Biomass Catalytic Cracking 
(BCC), a novel catalytic process that leverages 
existing technology, along with innovative 
proprietary catalysts to convert biomass into a 
high quality ñbio-crudeò that can be used as a 
direct replacement for imported crude oil. 



benjamin.smith@durham.ac.uk

Outline

ÅWorld Energy Outlook 2009

ÅBiofuels 

ÅFeedstocks

ÅBiodiesel

ÅGreen Diesel

ÅConclusions 

ÅFuture Studies



benjamin.smith@durham.ac.uk

World Energy Outlook 2009
Å2009: Global energy use is set to fall as a result 

of the financial and economic crisis, however 

demand is set to resume in the long-term. 

Å2030: Assuming no change in relevant 

government policies, world primary energy 

demand will be 40% higher than in 2007.

http://www.worldenergyoutlook.org/docs/weo2009/fact_sheets_WEO_2009.pdf

November 2009

http://www.worldenergyoutlook.org/docs/weo2009/fact_sheets_WEO_2009.pdf
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World Energy Outlook 2009

ÅCollectively, non-OECD countries account 

for over 90% of the energy increase, with 

their share of global primary energy 

demand rising from 52% to 63% by 2030. 

ÅChina and India represent over 53% of 

incremental demand to 2030, with strong 

growth from the ASEAN, which is 

contributing to a refocusing of the global 

energy landscape towards Asia. 

http://www.worldenergyoutlook.org/docs/weo2009/fact_sheets_WEO_2009.pdf

November 2009

http://www.worldenergyoutlook.org/docs/weo2009/fact_sheets_WEO_2009.pdf
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Climate Change

ÅWorld temperatures 
have been increasing in 
recent years, with 
evidence suggesting a 
strong correlation with 
rising CO2 levels. For 
example, in global 
terms, 2005 was the 
warmest year on record 
throughout all 12 
months.

ÅK. A. Shein, A. M. Waple and M. J. Menneet Al., Bull. Am. Meteorol. Soc., 2006, 

87, S6ïS102.

www.oar.noaa.gov
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CO2

Biomass

CO2

There is a pressing need to

develop alternative fuels that are

compatible with existing

automotive technology, rather than

develop wholly new fuels that

require the costly and time

consuming complete replacement

of existing transport infrastructure.

Alternative Fuels - Biofuels

B. Smith, H. C. Greenwell and A. Whiting, Energy Environ. Sci., 2009, 2, 262-271.
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Biorefinery

www.biorefinery.uga.edu/
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Biofuels
ÅBioethanol and biobutanol (Carbohydrate)

ïProduced by fermentation of sugars derived from starch 
and cellulose from e.g. sugar cane, corn and cassava.

ïCan be blended with petrol up to 10% without engine 
modifications.

ÅBiobased-diesels (Lipid)

ï1st Generation produced by chemical modification (trans-
esterification) of oils extracted from e.g. rapeseed 
(canola), oil palm and soy to produce Biodiesel. 

ïIf deoxygenated (2nd Generation) can replace petroleum 
diesel litre for litre - Green Diesel.

ïReduce emissions compared to petroleum diesel and 
contain only trace amounts of sulphur and are totally 
biodegradable.
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Why Diesel?

ÅEurope is a predominantly diesel-based transportation 

culture.

Why Algae?

ÅAlgae can produce ~10 times more ñvegetable oilò (lipid 

yield) than land based crops. 

ÅIt is a perennial crop and can be grown on marginal land.

Biofuels for transport: global potential and implications for energy and agriculture,

Worldwatch Institute, London, 2007.

Placing Microalgae on the Biofuels Priority List-A Review of the Technological 

Challenges. H.C. Greenwell, L.M.L. Laurens, R.J. Shields, R.W. Lovitt and K.J.Flynn, in 

press.
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Potential Feedstock Yields

Crop Oil Yield (L/ha)

Corn 172

Soybean 446

Canola 1190

Jatropha 1892

Coconut 2689

Palm Oil 5950

Microalgae a 136,900

Microalgae b 58,700

a 70% oil (by wt) in biomass      b 30% oil (by wt) in biomass 

Y. Chisti, 2007, Biotech. Advances, 25, 294-306.
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Kent, UK

Raceway Open Ponds

Kona, Hawaii
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Photobioreactors Varicon Aqua Solutions


