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Our planet will be warmer
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Can we get rid of CO2?
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Methanol as carrier and storage of energy

a.) Methanol can be mixed to gasoline

b.) Methanol is used in fuel cells

c.) Methanol is starting chemical for
Many other derivatives

George Olah, Nobel Prize 1994
Univ. of Southern California, USA



LIOS

Linz Institute for Organic Solar Cells
Physics of Organic Semiconductors:
1.) Photoexcited spectroscopy
2.) Photoconductivity
3.) Thin film characterization
4.) Nanoscale engineering
5.) Nanoscale microscopy (AFM, STM...)
6.) In situ spectro-electrochemistry

Organic/Hybrid
Solar Cells CO2 Recycling into

Synthetic Fuels

Spectroscopy
and

Electrochemistry

„Incubator“ for small high tech spin-off companies

Bio-Organic
Electronic Devices
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LIOS @ JKU is #14
in the world ranking of

material scientists
(Thomson Reuters, March 2011)
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Sariciftci Heeger Patents at UCSB O R
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Birth of Bulk Heterojunction, 1992

Definition



Roll to roll produced solar cells

Konarka Inc.



Ultrathin, shrinkable, strechable
organic solar cells

Martin Kaltenbrunner, Matthew White et al. Nature Comm. DOI: 10.1038/ncomms1772  April, 2012





Textile integrated
organic solar cells fibers

Ayse Bedeloglu et al, Textile  Research Journal (2009)



Solar cell integrated textiles

A commercial solar jacket
and bag

(www.scottevest.com, www.neubers.de )



„Optimum“ Geometry for
Organic and Hybrid Solar Cells

Organic n-type
conductor
(acceptor)

Low workfunction
electrode

Organic p-type
conductor (donor)

High workfunction
electrode
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CHEMISTRY BASED SOLAR CELLS
REACH >10 %
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Aramaki et al,
Mitsubishi Chemicals Labs, Tokyo



What is the next challenge in

Solar Energy Conversion?

Solar energy STORAGE into chemical energy

What is the next challenge in

Solar Energy Conversion?

Solar energy STORAGE into chemical energy
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Storage-Transport Problem
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Space

Time

Energy
Conversion Consumption

later

Consumption
Somewhere else

Consumption
later and somewhere else

Storage of Energy

Transport
Energy

Transportable fuel created by solar energy conversion !!!



Unstability in Wind Energy Supply
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Windeinspeisung
E.ON Transpower Netz Juni 2009MW

Needs Buffering



Schwankung zwischen 0% und 100%

PV Deutschland: Durchschnitt 10%
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The problem: power fluctuation during

generation and use

Batteries are slow,
not suitable for
power handling

The solution:
Supercapacitors

G. Gruner, UCLA



Interfacing two R&D worlds

CO2 EMISSIONS
CLIMATE CHANGES

RENEWABLE
ENERGIES

RECYCLE CO2 !!!
CREATE FUEL

INTERFACE BETWEEN CO2 REDUCTION AND
RENEWABLE ENERGY CREATION

Future recycling of CO2 as important mission of renewable energies
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http://www.solar-fuel.net/
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Courtesy Dr. PenggCourtesy Dr. Pengg

CO2 Neutral Synthetic Fuels
OR

RO

OR

RO

OR

RO
n

O

OMe

e-



Natural Photosynthesis
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Recycling of CO2

Over 90 % of emitted CO2 is
generated by energy
products.

To convert back CO2 to fuels
hydrogen or energy is
required.

One promising field
in this direction is

the photochemical

Or electrochemical
reduction of

carbon dioxide
using solar light
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IS IT POSSIBLE TO RECYCLE CO2?
The answer is yes!
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Inverse Fuel Cells
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Methanol as carrier and storage of energy

a.) Methanol can be mixed to gasoline

b.) Methanol is used in fuel cells

c.) Methanol is starting chemical for
Many other derivatives

George Olah, Nobel Prize 1994
Univ. of Southern California, USA



Photochemical Reduction of CO2

K. Oppelt, D. Egbe, U. Monkowius, M. List, M. Zabel, N.S. Sariciftci, G. Knör
Journal of Organometallic Chemistry 696 (2011), 2252

Homogeneous photocatalysts as well as electrocatalyst,
Oppelt, Portenkirchner 2011
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Electrochemical reduction of CO2

• Excess electric energy can be conveniently used for the
catalysed  reduction of CO2 in water to afford alcohols
and/or Cn-hydrocarbons :

storage of electricity!
• Such use of excess electric energy can play a key role in the

short term for the conversion of CO2 into fuels
implementing a  significant recycling of carbon.

• The use of solar energy for CO2 reduction in water is a key
issue for the medium term: a substantial recycling of carbon
could be performed.
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Photocatalytic reduction of CO2

1.“Photochemical carbon dioxide reduction with metal complexes” E. Fujita, Coord. Chem. Rev. 1999

1.Ru(bpy)3
2+ (bpy = 2,2’-bipyridine) as both photosensitizer and catalyst

2. Ru(bpy)3
2+ as the photosensitizer and another metal complex as the

catalyst

3. ReX(CO)3(bpy) (X = halide or phosphine-type ligand) or a similar
complex as both photosensitizer and catalyst

4. Ru(bpy)3
2+ or Ru(bpy)3

2+-type complex as the photosensitizer in
micro-heterogeneous systems

5. A metalloporphyrin as both the photosensitizer and the catalyst

6. Organic photosensitizers with transition-metal complexes as catalysts
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From CO2 and H 2O to CH3
OH atrt

• CO 2 aq  HCOO - Formate dehydrogenase

• HCOO -  H2CO Formaldehydedehydrogenase

• H2CO  CH3OH Methanoldehydrogenase

• NAD+/NADH is the source of energy .
• Key issue : how to reverse the NAD +/NADH couple after

oxidation ?
• Use of chemical systems for solar light harvesting

and conversion
or r

Coupling Chemistry and Biotechnology:
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Scheme of the enzymatic reduction of CO2

CO2

H
C O

HO

H
C O
H

H3C OH
NADH NAD+ NADH NAD+ NADH NAD+

FatoDH FaldDH ADH

Reaction conditions

Solution buffered at pH 7

T = 37 °C
P = 1 atm
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1.6 mL TEOS

4 mL of solution of

Sodium Alginate 2% (m/v)
In deionized water

1 mL solution

FatoDH (10.0 mg)
FideDH (10.0 mg)
ADH (10.0 mg)

In buffer TRIS-HCl 0.1 M (pH 7)

Drop by drop addition in
20 mL  CaCl2 0.2 M+TESO
Drop by drop addition in

20 mL  CaCl2 0.2 M+TESO

Sol-gel-formation time 30 minSol-gel-formation time 30 min

FiltrationFiltration

Washing with waterWashing with water
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Michele Aresta, Bari, Italy
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Bulk Heterojunction Electrodes
in Photoelectrochemical CO2 Recycling



Photoinduced Charge Generation
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Red
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Red
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Photoinduced Redox Chemistry
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Future is…

Convergence of multiple crisis conditions:

1.) Energy crisis (oil running out)
2.) Climate crisis (CO2 and global warming)

3.) Demographic crisis (10 Billion population)
4.) Economic crisis (see your daily newspapers)

Will converge to a difficult future around 2050

Future is, what we make of it.
Investing in clean energy future

will solve and ease all four crisis conditions
simultaneously
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THANK  YOU  FOR  YOUR   ATTENTION


