
Renewable fuels from algal biomass



Oedogonium

cosmopolitan

common

diverse1,2

robust1,2

highly competitive1

rapidly dominant1
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Oedogonium - integrated production

freshwater (agriculture)

no addition of nutrients

no addition of CO2

no contamination

self harvesting

rapid growth5,6

5Cole et al. 2014 GCB Bioenergy doi 10.111/gcbb.12097, 6Cole et al. 2014 PLoS ONE in press
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Presentation Notes
Seaweed, on the other hand, has the potential to meet some of this demand and circumvent these issues as their production does not require arable land or freshwater, and for the most part does not compete directly with human consumption. So I’m interested in highly productive green seaweeds, that can be easily cultured in inland intensive cultures using various waste streams and that do not compete with human consumption 



Oedogonium - biomass productivity

Presenter
Presentation Notes
So when we talk about proteins we are really interested in the amino acids from which they are made, and in particular we are interested in essential amino acids as animals have a demand for these rather than proteins or non essential amino acids. So these are amino acids which animals cannot synthesise and therefore they must be obtained in the diet....and the two most critically essential amino acids are methionine and lysine as either of these are always limiting first when livestock are fed plant based diets (methionine generally more so for poultry and lysine for pigs and other mono-gastric animals such as fish). And so being limited amino acids, these amino acids determine how much of the rest of the protein can be utilised by the animal. 



Oedogonium - integrated production

freshwater (municipal)

no addition of nutrients

no addition of CO2

no contamination

self harvesting

rapid growth

Presenter
Presentation Notes
Seaweed, on the other hand, has the potential to meet some of this demand and circumvent these issues as their production does not require arable land or freshwater, and for the most part does not compete directly with human consumption. So I’m interested in highly productive green seaweeds, that can be easily cultured in inland intensive cultures using various waste streams and that do not compete with human consumption 



Oedogonium

total crude lipids = 8.7 ± 1.5 

total fatty acids = 4.9 ± 0.7  

protein = 22.7 ± 3.4

carbohydrate = 45.6 ± 10.7

ash = 20 ± 5.7

HHV = 16.5 ± 2.1 

(n = 4 - 46) 



Oedogonium - energy options

anaerobic digestion 

slow pyrolysis

fast pyrolysis7

direct combustion8

co-combustion9

hydrothermal liquefaction10,11

7Kan et al. 2014 Energy & Fuels 28, 104-114, 8Lane et al. 2014 Energy & Fuels 28, 41-51, 9Zhu et al. 2013, Pro. ACS 1-4, 10Neveux et al. 
2014  GCB Bioenergy doi:10.1111/gcbb12171, 11Neveux et al. 2014 Bioresource Technology 155, 334-341 
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Presentation Notes
The N in the environment strongly influences the TAA content of seaweed, and this is governed by the amount available in the environment which itself is primarily dependemt on the water N concentration and the rate at which this water is renewed or flushed. Now, the total amino acid content will determine the growth rate of the seaweed as it essentially represents the metabolic capacityy (ie. All the proteins and enzymes). SO this is how external N can limit growth – through the TAA content of the seaweedAt the end say ‘so we can see that high TAA or protein content will result in a high growth rate’….



Oedogonium – biomass composition

Macroalgae Ultimate HHV

C       H       O       N       S       MJ.kg-1

Oedogonium 36.6    5.7     30.9    4.8     0.4 15.8

C. vagabunda 37.5    5.9     32.9    6.5     1.8 16.4

C. linum 26.5    4.1     31.0    3.4     2.1 10.3

C. coelothrix 30.9    5.0     34.9    5.2     2.3 12.7

D. tenuissima 29.2    4.8     27.4    4.5     2.8 12.4

U. ohnoi 27.7    5.5     41.1    3.5     5.0 11.7

11Neveux et al. 2014 Bioresource Technology 155, 334-341 
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Presentation Notes
... And this variation within species is considerably higher than the variation we see between species.... And this is why we need to focus on manipulating in culture the species we know have high productivities 
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hydrothermal liquefaction

subcritical water conditions

medium temperature (250 – 400oC)

high pressure (10 – 30 MPa)

macromolecule breakdown

water = solvent + reactant 

hydrolysis
recombination

Visualisation experiment – Wood in HTL
University Twente – Quartz capillaries Prof. Van der Swaaij



Thermochemical processing - HTL

Research scale 

350°C in 3 minutes + 350°C for 5 minutes

150 bar 

Quenched and quantified  

Biocrude

Biochar

Gaseous phase

Aqueous phase 11Neveux et al. 2014 Bioresource Technology 155, 334-341 



Macroalgae Ultimate HHV

C        H       O       N       S       MJ.kg-1

Oedogonium 72.1    8.1      10.4    6.3     0.8 33.7

C. vagabunda 71.1    8.3      10.6    6.8     1.3 33.5

C. linum 70.9    7.7      11.4    6.8     0.1 32.5

C. coelothrix 71.6    8.0      10.6    7.1     0.9 33.3

D. tenuissima 73.0    7.5      10.6    6.5     0.7 33.2

U. ohnoi 72.6    8.2      11.0    5.8     0.4 33.8

11Neveux et al. 2014 Bioresource Technology 155, 334-341 



Macroalgae Ultimate HHV

C        H       O       N       S       MJ.kg-1

Oedogonium 72.1    8.1      10.4    6.3     0.8 33.7

C. vagabunda 71.1    8.3      10.6    6.8     1.3 33.5

C. linum 70.9    7.7      11.4    6.8     0.1 32.5

C. coelothrix 71.6    8.0      10.6    7.1     0.9 33.3

D. tenuissima 73.0    7.5      10.6    6.5     0.7 33.2

U. ohnoi 72.6    8.2      11.0    5.8     0.4 33.8

11Neveux et al. 2014 Bioresource Technology 155, 334-341 



Macroalgae Ultimate HHV

C        H       O       N       S       MJ.kg-1

Oedogonium 72.1    8.1      10.4    6.3     0.8 33.7

C. vagabunda 71.1    8.3      10.6    6.8     1.3 33.5

C. linum 70.9    7.7      11.4    6.8     0.1 32.5

C. coelothrix 71.6    8.0      10.6    7.1     0.9 33.3

D. tenuissima 73.0    7.5      10.6    6.5     0.7 33.2

U. ohnoi 72.6    8.2      11.0    5.8     0.4 33.8

11Neveux et al. 2014 Bioresource Technology 155, 334-341 



Oedogonium sp. (20-100,000 L)

Biomass productivity  15 - 30 g m-2.day-1

Carbon content 35 - 43%       

Biomass energy (HHV) 16 - 20 MJ.kg-1

Ash 6-11%

Biocrude yield  30 - 35 %

Biocrude energy 33 MJ.kg-1

Continuous Flow HTL (1 - 10 kg)

Pilot-scale commercial HTL (10 – 100 kg)



Renewable fuels from algal biomass
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