
 



INSPIRATION EVOLUTION 



INNOVATION

Power from the Sun, Solar Cells that Mimic Photosynthesis

PCE = 23.25 %

SwissTech
Convention Center
Lausanne APPLICATION

Perovskite solar cells

Dye sensitized solar cells 



• Our motivation, inspiration and research 
approach 

• The advent of molecular photovoltaics and 
perovskite solar cells

• Architectural applications and commercial 
deployment.

OUTLINE



Our Motivation: Respond to the Quest for Renewable + Clean Energy Sources

Climate change and environmental pollution from burning fossil fuels produces 
planetary emergency
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PHOTOSYNTHESIS SHOWS THE WAY 

CO2 + 2 H2O + 8 photons → [CH2O] + O2      DG* = 477 KJ/mole
solar power converted to chemical energy stored in biomass is 95 TW 

Total solar power 
Incident on earth is 
178’000 TW



Natural photosynthesis continuously converts 90 TW of solar 
power to chemical fuels



6



 p-n junction photovoltaic cells dye sensitized solar cells DSC

Charge separation by electric field at 
the p-n junction minority carrier 
lifetime is a key issue in photoelectric 
convrsion

Charge separation by kinetic 
competition as in photosynthesis 
separatiom of light absorption from  
charge carrier transport  
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Dye sensitized solar cells are inspired by natural photosynthesis



Molecular photovoltaics goes  beyond the principle of light 
absorption via diodes
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• The advent of molecular photovoltaics 
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Our JACS paper from year 1985 reported for the first time  efficient 
sensitization of colloidal TiO2 particles (nanocrystals) and electrodes

J.Am.Chem.Soc., 107, 2988 (1985)

SrTiO3  nanocrystals

A.Hagfeldt and M. Grätzel, Light Induced Redox Reactions in 
Nanocrystalline Systems,  Chem. Rev. 1995, 95 ,49-68. 

The magic world of nanocrystals



Replacing the planar electrode by a mesoporous nanoparticle film 
architecture enabled 10’000 fold enhancement of photocurrent 

             Conducting glass Substrate

Dye monolayer on planar TiO2 single crystal

Dye sensitized mesoporous TiO2 film

h+

Single crystal 
TiO2 (<101> 
anatase) 

External quantum efficiency 
reaches close to 100 % .
IPCE (EQE) = LHE cg coll



The first patent application was filed in 1988

The patent protects the use of 
high surface area three- 
dimensional mesoporous 
junctions in photo-conversion 
systems

Today  the DSC patent family has 
grown to a number over 5000



First  prototype of a mesoscopic
dye sensitized solar cell (DSC) in 1988

Outdoor testing of DSC tiles by 
3GSolar in Jerusalem 2005- 2008 Roll to roll production of flexible DSCs started in 2007 

QCell Solar back pack

From the first prototype to large scale industrial applications

2013: Installing first façade: Swisstech 
Congress Center in Lausanne 



Scale up to mass production from 2008 to 2011

Shotton, Wales UK



Outdoor tests in Shotten,Wales reveal advantages of Dye sensitized Cells
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Higher Energy collection efficiency of DSC in façade application provides 

advantage over competition 

• Significantly higher output in the morning and evening hours
• In façade orientation: +75% (or higher)relative energy output every day  due to 

better light harvesting of the DSC at low incident light angles. 
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Dye-sensitized 
Solar Cells

Typical architecture of  a mesoscopic dye sensitized solar cell 

Nature, 1991, 353,  7377.
J. Phys. Chem, 1990, 94, 8720.



Chemical Structure of N3 Dye

Sensitizing Dye Titania Nanoparticles

20 nm Titania nanoparticles

Electrolyte 

Ionic liquid
Iodide/tri-iodide 
redox couple

The three key ingredients of dye sensitized solar cells



1991 Publication in Nature introduces first  photovoltaic cell with a 3D 
mesoscopic junction archtectture

1991 Cited > 20’000 times



As off January 21 ,2017 the paper has received 17176 citations (ISI-Web of Science=

The most highly cited research of all times



Science 2011, 334, 629 – 634. 

over 3600 citations



ECTRIC POWER PRODUCING GREEN NOISE 
BARRIER INSTALLED AT THE MOTORWAY 
BETWEEN BERN AND ZURICH Electric car charging station powered by green panels

Bridge at lake Geneva in Lausanne Private home in Basel Switzerland





PERVOSKITE PV  EMERGED FROM DYE SENSITIZED  SOLAR 
CELLS

 

Perovskite solar cell (PSC)Dye sensitized solar cell (DSC) 

courtesy Sony corporation Courtesy NTU SIngapore



Metal Halide Perovskites are a Revolutionary Renewable Energy Source

25Scopus Analysis (Sep 2018)

1000 x thinner than Si (µm)

Device cross-section



PVeducation.org

covalent and electronic mixed ionic-electronic hybrid organic-inorganic multidimensional

3D 2D

X– = I–, Br–, Cl–
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Optoelectronic & Structural Complexity: Challenges & Opportunities

Si Solar Cells Perovskite Solar Cells
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Stabilit
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 Cost 

Efficiency

The “Golden Triangle” of photovoltaics
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Graz Science tower

Swisstech Convention Center Lausanne



Dr. Shen  Hujiang,  project 
manager for DSC deployement 
supervises  PV curtain installation
on buildings in Shanghai China



MASS PRODUCTION OF DYE SENSITIZED SOLAR CELLS IN CHINA



inauguration of the Michael Graetzel Center (MGC) for mesoscopic solar 
Cells at the Optoelectronic Laboratory, HUST, Wuhan   in July 2010



Battery-free display powered by dye sensitized solar cells 

DSSC



E-READER POWERED BY MOLECULAR PHOTOVOLTAICS

E-reader with eternal life.

The Swedish company EXEGER has 
developed the prototype pictured 
here through seamless integration 
of the world's best indoor solar cell. 
The product has eternal life in 
standard indoor illumination alone.

http://www.exeger.com/



EXEGER ,STOCKHOLM IS HIRING TO MEET INCREASED 
MARKET DEMAND 



• Swiss CTI , CCEM-CH
• Swiss National Science Foundation, Swiss Energy Office
• Horizon 2020 European Joule Projects:   GOTSOLAR
• European Research Council:  Adv. Research Grant 

MESOLIGHT
• The Balzan Prize Foundation
• Marie Curie Actions
• Industrial Partners 

We are very grateful for financial support from

Eric and Sheila Samson Prime Minister's Prize for Innovation in Alternative 
Fuels for Transportation 





Anzère, Valais Switzerland group skiing day  


