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...troubled times 

Fukushima nuclear plant 



Will algae save us from environmental and economic disaster?  



Will algae save our future? 

Yes .. , says the ABO… 





Fortunately, there is a solution to these 
challenges: algae! 





Cultivating Algae for Liquid Fuel Production  
(http://oakhavenpc.org/cultivating_algae.htm) 

 
 Gallons of Oil per Acre per Year 

 Corn    20 - 30 

 Soybeans  50 

 Sunflower   110 

 Rapeseed   130 

 Oil Palm    600 

 Microalgae   5.000-25.000 
 
 
 

50.000-250.000 L oil per ha and year 

Algae oil yield? 

http://oakhavenpc.org/cultivating_algae.htm
http://oakhavenpc.org/cultivating_algae.htm
http://oakhavenpc.org/cultivating_algae.htm


• Assuming an oil concentration of 42% and the 365 t ha-1 year-1 
productivity achievable in AlgaeLink reactors, algae can produce > 150 t 
oil ha-1 year-1  ( i.e.  250 times than traditional crops)   
 

• Open ponds, with 300 t biomass ha-1 year-1  and 20-30% oil, give an oil 
output of 60 to 90 t ha-1 year-1, which is only (sic) from 100 to 150 
times greater than oil seed crops.  

Singh & Olsen, 2011 

Let’s listen to the voice of SCIENCE! 

Perform their LCA of algal biofuels 





It is frequently claimed that algae are 
more productive than higher plants.  
 
On the contrary there is much experience 
which shows that algae are not more, but 
less productive.  

Let’s listen to the voice of SCIENCE! 



Company/University Reactor type and 

volume/surface 

Reactor cost Biomass 

productivity 

(t ha-1 y-1) 

O il  

productivity 

(t ha-1 y-1) 

PE 

(% total solar 

radiation) 

Microalgal  

species 

FLAT PHO TO BIOREACTOR 

Subitec GmbH (Germany) vertical flat panel (FPA), 

180 L 

38 € m-2 occupied area 120a  - 7.28 - 

FLEXIBLE FILM PANELS  

University of Florence/F&M Srl 

(Italy) 

disposable panel  

(GWP- I), 800 L 

50 € m-2 reactor              40b,c 20b,c,e 1.53 

1.53 

Nannochloropsis 

50b,c - 3.14 Tetraselmis suecica 

disposable panel  

(GWP- II), 350 L 

25 € m-2 reactor 54b,c 2.21 Tetraselmis suecica 

Archimede Ricerche Srl (Italy)  disposable panel  

(GWP- I), 40,000 L 

20b,c  - 0.97 Nannochloropsis, Isochrysis, 

Tetraselmis 

Vertigro Algae Technologies 

LLC (Texas,USA) 

vertical flexible film 

panel  

- 600a 275a 18.33 (biomass) 

 15.63 (oil) 

- 

Proviron Holding NV (Belgium) vertical flexible film 

panel  (ProviAPT) 

10 € m-2 bag - - - - 

Solix Biosystems Inc. 

(Colorado, USA) 

vertical flexible film 

panel (AGS-4000) 

3000 € m-2 basin 

(complete) 

- 27a 1.68 - 

Phytolutions 

(Germany) 

vertical flexible film 

panel (Phytobag), 25,000 

L 

15 € m-2 reactor 80-120a - 5.22-7.84 - 

Photon8, Inc. 

(Texas, USA) 

horizontal flexible film 

panel (Parallel Film 

Reactor) 

<10 US$ m-2   182b 51b 5.87 (biomass) 

3.06 (oil) 

- 

HYBRID SYSTEMS  

Diversified Energy Corp. 

(Arizona, USA) 

trough system 

(Simgae™) 

5 US$ m-2 50a 10-15a 1.41 (biomass) 

0.53-0.80 (oil) 

- 

Phycobiosciences, Inc. (Arizona, 

USA) 

trough system (Super 

Trough), 133,000 L 

6.2-12.3 US$ m-2 reactor - - - - 

MBD Energy Ltd (Australia) horizontal bag (BAGS) - - 26a 1.88 - 

Algenol Biofuels, Inc 

(Florida, USA) 

horizontal bag, 4,500 L - - 44a 

(ethanol) 

1.91 - 

AlgAmerica LLc (Pennsylvania, 

USA) 

horizontal flexible film 

panel, 2,600 L 

30 US$ m-2   - - - - 

Algae productivities measure/claimed in different cultivation systems 



Company/University Reactor type and 

volume/surface 

Reactor cost Biomass 

productivity 

(t ha-1 y-1) 

O il  

productivity 

(t ha-1 y-1) 

PE 

(% total solar 

radiation) 

Microalgal  

species 

O PEN SYSTEMS  

University of Florence (Italy) advanced raceway pond, 

500 m2 (25 m3) 

- - 10a 0.81 - 

Institute of Microbiology, 

Academy of Sciences  

(Czech Republic) 

inclined pond, 700 m2 

(Trebon); 100 m2 

(Kalamata) 

- 34b 

77b 

- 2.88 (Trebon) 

2.22 (Kalamata) 

Chlorella 

VERTICAL CO LUMNS 

AlgAmerica LLc (Pennsylvania, 

USA) 

column, 400 L 1,080 US$ unit  - - - - 

University of Florence 

(Italy) 

annular column, 120 L 1,000 € unit 

400 € m-2 IS (5 m2) 

5000 € m-2 occupied area 

(0.2 m2) 

73b,c - 3.16 Tetraselmis suecica 

Enalg SpA (Italy) annular column 10,000a 434 - 

Bio Fuel Systems (BFS) S.L 

(Spain) 

annular column - - 250 16.36 - 

TUBULAR SERPENTINE PHO TOBIOREACTO R 

University of Almeria (Spain) horizontal serpentine, 

4,000 L 

- - 16b 0.93 Scenedesmus almeriensis 

AlgaeLink NV 

(The Netherlands) 

horizontal serpentine, 97 

m3 

160 € m-2 

occupied area 

160a (The 

Netherlands) 

300a (Australia) 

- 9.12 

6.84 

Tetraselmis 

Institute of Microbiology, 

Academy of Sciences  

(Czech Republic) 

horizontal serpentine, 65 

L 

1,000 € m-2 

131 € m-2 occupied area 

(6.88 m2) 

33b,d - Arthrospira 

University of Almeria (Spain) vertical serpentine, 2,800 

L 

- 73b - 2.28 Nannochloropsis 

TUBULAR MANIFO LD PHOTOBIOREACTO R 

GFT Corp. (Massacchussets, 

USA) 

triangular airlift reactor - - 80a 6.33 - 

3D Matrix - 358b 14.58 - 

Mycrophyt sas 

 (France) 

vertical serpentine,  

5,400 L 

- 35b - 1.33 Neochloris oleoabundans 

 

 



COST 
Currently the plant gate 
production cost for the lowest 
cost algal biomass produced is 
that of Spirulina, which can 
be estimated  at about $ 
5,000 per metric ton. 
J. Benemann (2008) 

PRODUCTIVITY 
Assuming a currently achievable 
biomass yield of about 50 mt/ha-yr 
with a 25% oil content, the oil yield 
would be about 14,000 litres of oil 
per hectare per year. Given the 
capital and operating costs, a tripling 
in outputs of what is currently 
possible is required.. 
J. Benemann (2008) 



In looking for algae to make fuels...it is 
obvious that there is nothing in the natural 
world that produces the levels needed.  

Natural algae can produce about 2000 gallons 
of fuel per acre per year, and this is not 
sufficient. 



faculty.ksu.edu.sa/mmi/Pictures%20Library  

www.texaseducator.com/.../myourses/chloro3.gif  

1mkturin.wordpress.com 

There are  limitations… 

ALGAE PHOTOSYNTHESIS 



The numbers (efficiencies) :  
    
Total solar radiation (TSR) at sea level     →100% 
PAR (suitable radiation)        → 45% 
Maximum photosynthetic efficiency (PE) on PAR  → 27%  
Maximum (theoretical) PE on TSR     → 12% 
Maximum PE under optimal conditions outdoors  → 5% 
Maximum PE under real conditions      → 2.5%  
Actual best average in industrial plants      → 1.5% 

With 17.4 MJ m-2 = 13 g m-2 d-1 ≈ 50 t ha-1 year-1 

ALGAE PHOTOSYNTHESIS 



Board mixed ponds 

With the marine microalga Tetraselmis 

Productivity during a continuous 
cultivation period of 18 months 

52 t ha-1 year-1 

 Balloni W., Florenzano G., Materassi R., Tredici M. R., Soeder C.J. and Wagener K. (1982) 

 Mass culture of algae for energy farming in coastal 
deserts - Calabria, Italy, 1979-1983 



The GREEN WALL PANEL 

Necton S.A. 

Olhão -Portugal  

ENI S.p.A  

Gela (CL) - 

Italy 

Enel S.pA.  

Brindisi, Italy  

Archimede Ricerche S.r.l.  

Imperia, Italy  

Bioscan S.A.,  

Antofagasta, Chile 

Developed at Florence University and  commercialized 
by Fotosintetica &Microbiologica Srl 



Bioscan S.A.,  

Antofagasta, Chile 

GWP –  

Extrapolated productivity 
(Southern Italy)  

60-70  t ha-1 year-1 



Nanno Dic. 2009 

Nanno Ott. 2010 

Nanno Lug. 2010 

MAMBO project: algae oil production 
in different cultivation systems 



 

                                      N sufficient vs N starvation 
 
Experimental period: July 2006  
Location: Rosignano (LI) 
Starvation: - Nitrogen 
Culture system: GWP 110 L  
Dilution rate: 40% (daily)  
Light: Natural 
Light path: 4.4 cm 
Orientation: S-W N-E 
Average irradiance: 15. 7 MJ m-2 d-1  
Average irradiance on the reactor:  
Average temperature (Max - Min): 30.5°C- 25.8°C 

I Experiment 
Rosignano - Livorno 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 2 4 6 8

Day

B
io

m
a
s
s
 c

o
n

c
e
n

tr
a
ti

o
n

 

(g
/L

 )

+N -N

0

0.1

0.2

0.3

0.4

0.5

1 2 3 4 5 6 7

Day

B
io

m
a
s
s
 p

ro
d

u
c
ti

v
it

y
 

(g
/L

 d
)

+N -N

0

10

20

30

40

50

60

70

0 1 2 3 4 5 6 7

Day

L
ip

id
 %

+N - N

0

0.05

0.1

0.15

0.2

0.25

0.3

1 2 3 4 5 6 7

Day

L
ip

id
 p

ro
d

u
c
ti

v
it

y
 

(g
/L

 d
)

+N -N



Oil production by Nannochloropsis under nitrogen starvation 

raceway pond 

4-5 g oil m-2 d-1 

GWP II in a E-W full 

scale configuration 

5-9 g oil m-2 d-1 

 13 t oil ha-1 year -1 in 
Tuscany 
 

 18 t oil ha-1 year -1 in 
Tunisia  



Bioscan S.A.,  

Antofagasta, Chile 

GWP – an economic and energy analysis 



Production cost of  
Nannochloropsis and 
Tetraselmis biomass 
(Bassi & Tredici, 2008)  
 
• 400 ha 
• 360 days  
• Solar radiation 15 MJ m-2 d-1 
• 20 g m-2 d-1 





  
(Florence-Italy) (Tunis-Tunisia) 

   

% 

 

% (GJ ha
-1

 yr
-1

) (GJ ha
-1

 yr
-1

) 

OUTPUT 661 100 1260 100 

TOTAL INPUTS 

 

1151 100 1496 100 

E.E materials 504 44 504 34 

• GWP–II reactor 409 0,36 409 0,27 

• piping+fittings 45 0,04 45 0,03 

• machinery 13 0,01 13 0,01 

• buildings 12 0,01 12 0,01 

• 0ther 24,6 0,02 24,6 0,02 

Fertilizers 204 18 388 26 

• N 175 0,15 334 0,22 

• P-P2O5 21,72 0,02 41 0,03 

• K2O 6,6 0,01 12,58 0,01 

Operation Energy 443 38 604 40 

• mixing 160 0,14 228 0,15 

• cooling 134 0,12 174 0,12 

• medium pumping 12 0,01 12 0,01 

• harvesting  4 0,00 6 0,00 

• centrifugation 113 0,10 162 0,11 

• labor 5 0,00 7 0,00 

• plant decommissioning 12,8 0,01 14,8 0,01 

 

Net Energy Ratio (NER) 

 

0.57 

   

0.84 

  

Electric energy not converted to primary energy 



 Middle East oil 10 – 30  (fossil fuel quality varies)  

 Tar sands   1.5      

  Hydro-power  45 - 90      

  Coal    25  (according to accessibility)  

 Nuclear   5 – 20  (according to assumptions)  

  Wind    4 – 50     

  Solar    1 -10      

 Corn  ethanol ~  1  (therefore subsidised)    

  Algae in GWP ~ 1  

EROI of major energy sources 



 The fundamental issue in  

biofuels production  is  

WATER and the ENERGY-

WATER NEXUS 



Algae cultivation is all about water 

management:  

Because of  evaporation 

algae cultures in open 

raceways need 400 Kg 

of water per Kg of 

biomass.  

Huge amounts of water need 

to be handled to produce one 

kilogram of dry algae biomass   

In many countries large-scale algae 

cultures risk to further enhance an 

already stressed water situation. 



The FAO, IFRI and IEA forecast  

by 2030:  

 

1. a 50% increase in the 

 demand of food; 

2. a 40% increase in the demand 

of energy.  

 

Producing that food and energy (if 

ever possible) will impact heavily 

on shrinking water resources.  

The rapidly growing 

population puts 

unsustainable 

pressure on resources 





THANK YOU FOR YOUR 
ATTENTION! 


