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Photosynthesis has produced over 85 % of the energy we use 

globally today! 

   - 80% comes from ancient photosynthesis (fossil fuels)  

   - 5 % directly from present day photosynthesis (Bioenergy) 

For sustainable bioeconomy  - 100 % must come from direct 

photosynthesis and other renewables 

In 2030 150 % ; in 2050 200 % ; in 2100 300 %  

Climate change has alerted 

photosynthesis researchers to find 

solutions for clean energy production. 

(2004 – 2005)       
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Photosynthetic machinery 

Efficiency 40% 

Efficiency < 0,1% 



TW year 
0 10 20 30 

Oil gas+coal Biom.,nuclear 

Wind, water 
2007; ca 14 TW 

80% 

Oil gas+coal 2050; 30 TW (28-35) Biomass Nuclear???? 

There is not a single solution....... 

The global concept 

? 

20% of all land where things 

can be grown (7-10 TW) 

 

? 



TW year 
0 10 20 30 

Oil gas+coal Biom.,nuclear 

Wind, water 
2007; ca 14 TW 

80% 

Oil gas+coal 2050; 30 TW (28-35) Biomass Nuclear???? 

The global concept 

Solar energy influx = 120 000 TW per year 

In less than 1 hour this corresponds to 

mankinds total yearly consumption 

Solar/hour 

Annual global photosynthesis  125 TW 



Use of solar energy 
 

1. Strong development in solar energy 

conversion to electricity. Electricity is 

used to carry a minor part of the 

energy that is used in the world. 

 

2. Production of biomass is limited on a 

global scale – not enough even in 

Finland for sustainable Bioeconomy. 

There is not enough biomass to 

exchange for fossile fuels. 



SOLAR ENERGY - OPTIONS  

!!  

!!  

Heat  

?  

SolarFuels 

hydrogen  or carbon 

based direct fuels 

!  ?  
Solar cells: 

Electricity  

Converted 

solar energy: 

Oil, Biomass 
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Photosynthetic light reactions can convert about ≈ 40%

from solar energy into chemical energy in the form of 

reducing power and proton motive force

Efficiency of solar energy conversion to different fuel feedstocks

Lignocellulose. Very complex structure with energy 

consuming biosynthesis and inefficient and expensive 

industrial processing

Chloroplast starch and cyanobacterial glycogen - the 

first hydrocarbon polymers synthesized from primary 

glucose units

Storage starch in seeds and tubers 

(Many energy consuming conversion 

and transport reactions of biomolecules required)

Seed or fruit oil (Many energy consuming conversion 

and transport reactions of biomolecules required)
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Soluble simple sugar molecules (Not far from photosynthesis)

Peat. Very far from online photosynthesis 

Animal fat. Very far from online photosynthesis 

Oil, gas and coal. Ultra far from photosynthesis 

First glucose units 

< 30% of energy left

Solar biohydrogen, artificial 

photosynthesis. Sustainable, 

clean and CO2 free fuel

Liquid fuels directly from water and sunlight (eg. ethanol, buthanol).

The most efficient form of biomass. 

Mass culture of micro algae - easy to 

convert into alcohols, hydrogen…
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The most efficient existing 

feedstock. (Sugar cane ethanol).

Can be applied only locally 

Abundant but inefficient feedstock. 

Sustainable only if the volume of 

the use is based on careful 

calculations

Very inefficient feedstock. Plenty, but

sustainable only in very limited use. 

Extremely slowly renewable

Extremely inefficient feedstock. Very 

abundant, but practically not renewable

Inefficient, danger for food security. 

Only for limited and controlled use. 

More efficient algal production 
under development

Very inefficient and limited feedstock.
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HIGH

HIGH
Nature of the fuel/feedstock:Solar energy stored via photosyntesis in:

Efficiency of Solar Energy Conversion 

SolarFuels:  
- Artificial Photosynthesis  

- BioSolarFuels 

Least amount of solar energy stored 

Peat 

Oil, Gas, Coal 

High 

Ethanol: sugar cane - the most efficient existing feedstock 



SolarFuels  

 

Vision – make a fuel from the 

endless resources of solar 

energy – water - CO2 

 

Photosynthesis 
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Photosynthetic machinery 

Efficiency 40% 

Efficiency < 0,1% 



Photosystem II, the water oxidizing 

enzyme 

The water 

oxidizing 

complex 

CaMn4 



H2O H2 

Mn 

Mn 

Ru 

Fe 

Fe 

P 

EU FP7 Solar-H2 network develops two  novel 

processes; both unproven and conceptually new 

Artificial 

photosynthesis 

Photobiological 

hydrogen production 

Hydrogenase 

Photosystem II 

Coordinator Stenbjörn Styring, Uppsala University 



H2O H2 

Mn 

Mn 

Ru 

Fe 

Fe 

P 

Interdisciplinary science 

Building closely integrated networks 

Biochemistry; molecular biology 

Material design; organism 

Spectroscopy, chemistry 

Coordinator Stenbjörn Styring, Uppsala University 



Screening of Cyanobacteria culture  

collection (University of Helsinki,  

Department of Applied Chemistry 

 and Microbiology) for  excellent 

H2 producers 

•  Cyanobacteria isolated from Finnish lakes  

   and the Baltic Sea (water, sediment and mats)  

•  Over 1000 strains 

•  N2-fixing filamentous strains, non-N2-fixing 

    filamentous and single cell strains 

Biodiversity of Cyanobacteria   

  

Further improvement of naturally 

efficient H2 producers 



 

Craig Venter Approach CyanoBioEnergy Approach 

Matthias Rögner Ruhr University 

H2O 



 

Matthias Rögner Ruhr University 

H2O H2O 



Direct photobiological conversion of solar energy to 

volatile biofuels 
 

May 2010, Patrik Jones 

PSII 

PSI 

O2 

H2O 

H+ 

H2 
e- 

Efficient and 

oxygen tolerant 

hydrogenase 



EU´s roadmap to the hydrogen economy 

2000 

2010 

2020 

2030 

2040 

2050 
Hydrogen  

based economy 
Some determining 

factors according  

to the EU! 

2000 

2010 

2020 

2030 

2040 

2050 

H2 from  

natural gas 

Fuelcell development 

Cheaper, better, versatile 

Fuelcells for vehicles  

In massproduction 

Hyrdogen first choice in vehicles 

with fuelcells 

H2 from fossile fuels 

using CO2 sequestration 

Non-coal based H2 beginning to 

become important. Start of renewable H2. 

Renewable H2 to 

dominate 

Fossile based 

economy now 

H2 from  

Photosynth. 

Cheap massproduction 

is necessary, established 

Industry and market 

Many early users demand H2 from 

Renewable resources 

A dominating industry and a huge  

source for renewable H2 

NOW!! Basic research towards 

              break through 

Basic research 

towards technology 

Technique development 15 years 



Direct photobiological conversion of solar energy to 

volatile transport fuel 
 

May 2010, Patrik Jones 

PSII 

PSI 

CO2 

O2 

H2O 

e- 

EU FP7 DirectFuel Network 

Synthetic Biology 



PSII 

PSI 

CO2 

O2 

H2O 

Engine- 

Ready 

FUEL 

Boiling point 

-42.1 oC 

Direct photobiological synthesis of engine-ready fuel 



Thank You ! 



Solar Land Area Requirements 

6 Boxes at 3.3 TW Each 



 




