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DSC Cartoon
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Factors to Optimize

Light absorption

Carrier generation

Electron transport

Ion/hole transport

Recombination

CT at outer contacts

Series resistance



Photocurrent
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F. Fabregat‐Santiago, G. Garcia‐Belmonte, I. Mora‐Seró and J. Bisquert,  Phys. Chem. Chem. Phys., 2011, 13, 9083–9118



Photocurrrent

I fl f ti i h t t d h t t ti lInfluence of energetics in photocurrent and photopotential
• The lower the LUMO of  the dye the lesser the  injection towards the TiO2: 
current decreases
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Photocurrent

I fl f ti i h t t d h t t ti lInfluence of energetics in photocurrent and photopotential

Lowering the conduction band of TiO2 is possible to recover the injection.
Th i l i h i lThe cost is a loss in photopotential
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Photovoltage

E.M. Barea, J. Ortiz, F.J. Paya, F. Fernandez‐Lazaro, F. Fabregat‐Santiago, A. Sastre‐Santos and J. Bisquert, Energy Environ. 
Sci., 2010, 3, 1985–1994



Recombination and Vococ

sample Vocsample Voc

K19 0.68

N719a 0.80

N719b 0.73

N719c 0.45

ZnPc 0.44

H2Pc 0.35

BG1 0 45BG1 0.45

BG2 0.39
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How?



Record DSC

Aswani Yella, et al.  Science 334, 629 (2011)



Dye solar cellsy
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Dye solar cellsy
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Dye solar cells

Sensitizers with ‐extended  S
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Dye solar cellsy

UV‐Vis spectra of N719 (red), K19 (blue) and K77 (black)
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Dye solar cellsy
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Dye solar cells

D5L6
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Organic dyesOrganic dyes
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D5L6 12.50 685 0.74 6.29
D9L6 13.36 641 0.70 6.08
D21L6 13.70 733 0.72 7.25
D25L6 13.73 745 0.69 7.05



Dye solar cellsy

Organic dyesOrganic dyesOrganic dyesOrganic dyes

7.2% 8.0%



Dye solar cells

Phthalocyanines
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Dye solar cells

Perylenes
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Perylenes
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Dye solar cellsy

R d lRedox role



Dye solar cells

Cèl l l l d l (d l ll)

y

Cèl∙lules solars de colorant (dye solar cell): nanoestructures

Nanotubs de TiO2 Nanotubs de ZnO



Dye solar cellsy

ZnO Nanorods

Electrodeposited nanorodsElectrodeposited nanorods

d = 30 - 300 nm
L 100 1L = 100 nm – >1 m
S/Sg = 5 - 30



Why?



Why Sensitized Solar Cells?

 Environmentally Environmentally friendlyfriendly

 Readily available raw materialsReadily available raw materials Readily available raw materialsReadily available raw materials

 Operating voltage not dependent on light level or orientationOperating voltage not dependent on light level or orientation

 Better performance in normal solar conditionsBetter performance in normal solar conditionsBetter performance in normal solar conditionsBetter performance in normal solar conditions

 Power all day every day Power all day every day ‐‐ delivers kWh/delivers kWh/SqMSqM (not Watt peak)(not Watt peak)

 Long term stability of Long term stability of technnologytechnnologyg yg y gygy

 Can be directly integrated into productsCan be directly integrated into products

 Only solar cell technology that can be transparent and bifacialOnly solar cell technology that can be transparent and bifacial

 Looks good Looks good –– many colours and effectsmany colours and effects

 Low cost manufacture Low cost manufacture –– low embodied energylow embodied energy



Dye solar cells

Integració en façanes i cobertures:g ç



Dye solar cells

Cèl l l l d l (d l ll)Cèl∙lules solars de colorant (dye solar cell)



Less Sensitive to the Angle of 
I id (I)Incidence (I)
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Less Sensitive to the Angle of 
I id (II)Incidence (II)

Power output from façade panels throughout a day
Test Date: 8/04/09, Queanbean, facing North
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Less Sensitive to the Angle of 
I id (III)

P f f d l h h d

Incidence (III)

Power output from façade panels throughout a day
Test Date: 8/04/09, Queanbean, facing North
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Dye solar cellsy

Objectives: beat CIGS & Si monocristalline

Solar decathlon: http://www sdeurope org

Producció del 200 %  de l’energia consumida

Solar decathlon: http://www.sdeurope.org



Facades

AISIN  ‐ Japan

DSSC  Façade System ç y
at the CSIRO Energy Centre
Newcastle, Australia ‐ DYESOL



Better Relative Performance at 
Hi h T tHigh Temperature

DSC
c‐Si
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Dye solar cells

Cèl l l l d l (d l ll)

y

Cèl∙lules solars de colorant (dye solar cell)

Font: Tetsuo Nozawa, Nikkei Electronics Asia  (July 2008), Data from Sony



Long Term Stability
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Versatility (I)



Versatility (II)

• Large palette of coloration

•Patterns•Patterns

Courtesy: 



Flexible Substrates (I)

Courtesy: 



Flexible Substrates (II)

 Flexible Panel I‐V CurvesFlexible Panel I V Curves

VOLTAGE VS. CURRENT PLOT
for all types of outdoor light conditions 
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Flexible Substrates (III)

 Flexible Panel Power Curves
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Flexible Substrates (IV)

 Can you see the panel?Can you see the panel?

Courtesy: 



G24I



G24I facilityy



G24I productp



G24I productp



G24I + logitech productg p



Dye cells strike backy

Up to 28.9% efficient under indoor
illumination (Osram 930 warm‐white (
fluorescent light tube)

Freitag, M. et al. A. Dye‐sensitized solar cells for efficient power generation under ambient lighting. 
Nature Photonics 2017, 11, 372.



ConclusionsConclusions

• Solar Energy is the energy source with higher 

potentiality to solve the energy problem.potentiality to solve the energy problem.

• A full exploitation of solar energy needs the 

development of cheaper devices  in order to attend the 

grid parity.

• Different technologies have been used for photovoltaic  

li ti N t h l h th t ti l f thapplications. Nanotechnology has the potential for the 

development of a 3rd generation of solar cells cheaper 

and more efficient.



ConclusionsConclusions

• Sensitized solar cells are a good example of a new 

paradigm in solar cell configuration separating the lightparadigm in solar cell configuration separating the light 

absorption from the charge transport processes, allowing 

relax the quality requirements of materials.

• Sensitized solar cells present a series of interesting 

d t f th d l t f h t lt i d iadvantages for the development of photovoltaic devices: 

High design freedom, flexibility, versatility…


