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Photosynthesis involves two light reactions in series:

Photosystem 1 to reduce CO, and Photosystem 2 to
oxidize H,0
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L essons From Nature For Solar Fuels

1. A plant in your windowsill absorbs all the incident | ight:

on an average sunny day 10 ° photons per second thanks to
highly concentrated chlorophylls in proteins organized in the
thylakoid membrane



Membrane Topview

400 Chls




L essons From Nature For Solar Fuels

A plant in your windowsill absorbs all the incident light: 10% photons per
second thanks to highly concentrated chlorophylls in proteins

A photosynthetic excitation can be transferred over
1000s of chlorophylls without getting lost thanks to
superposition states and coherence
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L essons From Nature For Solar Fuels

A plant in your windowsill absorbs all the incident light: 10° photons per
second thanks to highly concentrated chlorophylls in proteins

A photosynthetic excitation can be transferred over 1000s of chlorophylls
without getting lost thanks to superposition states and coherence

Reaction centers separate charges by electron tunnel Ing
on a picosecond timescale



Membrane Topview
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BioSolar Cell: The Reaction Center

Electron transfer = Electron Tunneling
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L essons From Nature For Solar Fuels

A plant in your windowsill absorbs all the incident light: 10° photons per
second thanks to highly concentrated chlorophylls in proteins

A photosynthetic excitation can be transferred over 1000s of chlorophylls
without getting lost thanks to superposition states and coherence

Reaction centers separate charges by electron tunneling on a picosecond
timescale

Plants extract electrons from  H,O with a ‘hole efficiency’
of 1 using an ingenious complex management of
electrons and protons
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L essons From Nature For Solar Fuels

A plant in your windowsill absorbs all the incident light: 10% photons per
second thanks to highly concentrated chlorophylls in proteins

A photosynthetic excitation can be transferred over 1000s of chlorophylls
without getting lost thanks to superposition states and coherence

Reaction centers separate charges by electron tunneling on a picosecond
timescale

Plants extract electrons from H,O with a ‘hole efficiency’ of 1 using an
Ingenious complex management of electrons and protons

Maximum energy efficiency solar->fuel is 30%, over the
complete solar spectrum 12%, to biomass 2-3 % or less
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Solution: Artificial Photosynthesis

1. The artificial leaf

2. The bio -hybrid device

3. The photosynthetic ‘solar fuel cow
4.Improving natural photosynthesis




Solution: Artificial Photosynthesis

1. The artificial leaf

2. The bio-hybrid device

3. The photosynthetic ‘solar fuel cow’
4.Improving natural photosynthesis




Artificial Photosystem ||

hv
"~y «2*4 ms, long lived
charge separation
~50% Q.Y.
« PCET
4.8
4 Megiatto et al. Proc. Natl. Acad. ci.
OEC PREEyenl USA 2012, 109, 15578.

The long lifetime of the highly oxidizing relay
provides a good match for the slow kinetics of
the OEC or metal oxide catalysts



Artificial Photosynthesis

1. The artificial leaf

2. The bio -hybrid device

3. The photosynthetic ‘solar fuel cow’
4.Improving natural photosynthesis




Wiring photosynthetic enzymes to electrodest
Adrian Badura, Tim Kothe, Wolfgang Schuhmann and Matthias Rogner
DOI: 10.1039/c1lee01285a
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Artificial Photosynthesis

1. The artificial leaf

2. The bio-hybrid device

3. The photosynthetic ‘solar fuel cow
4.Improving natural photosynthesis




Algae and cyanobacteria for biofuel production

Advantages:

easy to grow No competition for land with food
Use of salt water
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Semi-productive levels (high value products, 9‘9 c
optimization of fuel productions, ...

'Photofermenting’bacteria
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Synthetic biology (new metabolic R
pathways leading to fuel)



MIX Photosynthesis with Fermentation
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Artificial Photosynthesis

1. The artificial leaf

2. The bio-hybrid device

3. The photosynthetic ‘solar fuel cow’
4.Improving natural photosynthesis
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