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The sun 



173 000 TW 

SUN – A nuclear fusion reactor located at a safe distance 
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The sun 



The sun 
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BI-DSC 



Building Integrated DSCs 
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Title: “Building Integrated Dye Sensitized Solar Cells” 

Ref.: BI-DSC, 321315 

Budget: 1 989 300,00 € 

Starting date: March 1st, 2013; 

Duration: 60 months. 
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Objectives of the project: 

 New laser assisted glass sealing of glass photovoltaic cells; 

 New graphene counter-electrode – as transparent and active 

as platinum counter-electrode; 

 More electrical conductive substrates – ETCO; 

 Better sensitizer – carbon quantum dots. 

Building Integrated DSCs 
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Building Integrated DSCs 

Objectives of the project: 

 Lab size devices with at least 13 % of energy conversion 

efficiency; 

 Larger size devices with at least 9 % of energy conversion 

efficiency. 



Nearly zero-energy 

buildings 



Nearly zero-energy buildings 
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Nearly zero-energy buildings – (Directive 2010/31/EU): 

“Member States shall ensure that by 31 December 

2020 all new buildings are nearly zero-energy 

buildings; and after 31 December 2018, new 

buildings occupied and owned by public authorities 

are nearly zero-energy buildings”. 



Nearly zero-energy buildings 

12 www.bnef.com/WhitePapers/download/82 

Moving beyond grid-parity  



Nearly zero-energy buildings 
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Local electricity storage is required because: 

 Stabilizing the local (low potential) grid; 

 Make the renewable electricity dispatchable; 

 Make the production of renewable electricity more profitable 

– no feed-in tariffs are assumed. 



Emerging PV technologies 
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A new world 

Energy from façades (Dye sensitized 
solar cells) 

Energy from wind turbine and PV 

http://dailyfusion.net/2013/11/swisstech-convention-center-features-multicolored-solar-panel-facade-24431/ 
http://architecture-view.com/tag/roof/page/6/ 
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Dye Sensitized Solar Cells 

Dye sensitized solar cells (DSC) : 

 Considered organic PV type. 

 Maximum energy efficiency: 12 %. 

 

+ Low cost and high efficiency harvesting 

diffuse light. 

+ Very aesthetic for BIPV. 

+ Uses abundant and non toxic materials. 

 

- Moderate efficiencies. 

- Not yet commercial. 

By Sony 
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Perovskite Solar Cells 

Perovskite solar cells (DSC) : 

 Considered organic PV type. 

 Maximum energy efficiency: >19 %. 

 

+ Low price and high efficiency harvesting 

diffuse light. 

+ Very aesthetic for BIPV. 

+ Uses abundant materials. 

 

- Contains minimal amounts of lead. 

- Not yet commercial. 

http://deepresource.wordpress.com/2013/08/12/perovskites-price-solar-down-to-10-20-cents/ 



η ≈ 15 % 
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2013 

Perovskite Solar Cells 
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Perovskite cells towards industrialization: 

 UPorto developed a new low temperature (<120 °C) laser assisted 

glass sealing process. 

Perovskite Solar Cells 



Technologies for storing 

electrical energy 
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Energy storage 

Storage cost per cycle 
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Solar rechargeable redox flow battery  

Electricity storage cost per cycle 
 Vanadium flow battery (VFB): 4 – 60 ¢€/kWh (3 ¢€/kWh by 2050*); 

 Polysulphide bromide flow battery (RFB): 4 – 60 ¢€/kWh; 

 Pumped hydroelectric storage (PHS): 0.1 – 1 ¢€/kWh; 

 Fuel cell: 4400 – 15 000 ¢€/kWh; 

 Lead-acid battery – 150 – 300 ¢€/kWh. 



Redox flow battery 
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Solar rechargeable redox flow battery  
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Solar rechargeable redox flow battery  

Discharge 

   Positive (anode):       VO2
+ + 2H+ + e-  VO2+ + H2O, E0 = 0.99 VSHE 

   Negative (cathode):  V2+  V3+ + e-, E0 = 0.26 VSHE 

   2(VO2)2SO4 + H2SO4 + 2VSO4  2VOSO4 + 2H2O + V2(SO4)3,  E0 = 1.25 V 

Charge 

   Positive (cathode):   VO2
+ + 2H+ + e-  VO2+ + H2O, E0 = -0.99 VSHE    

   Negative (anode):     V2+  V3+ + e-, E0 = -0.26 VSHE 

   2VOSO4 + 2H2O + V2(SO4)3  2(VO2)2SO4 + H2SO4 + 2VSO4, E0 = -1.25 V 



Concept and Efficiency 

Vanadium RFB 

Specific energy   ~30 Wh·kg-1 (compared Li-ion, 150 Wh·kg-1) 

Energy density    ~30 Wh·L-1  

Charge/discharge efficiency  80 % 

Time durability   20 years  

Nominal cell voltage   1.25 V 
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Solar rechargeable redox flow battery  
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Solar rechargeable redox flow battery  



Emerging redox flow 

battery 
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Solar rechargeable redox flow battery  



Solar rechargeable redox flow battery  

9,10-anthraquinone-2,7-disulphonic acid (AQDS) – 
bromide acid redox flow battery: 

 99 % cyclic efficiency! 

 Maximum power density: 600 mW·cm-2; 

 Current density: 1.3 A·cm-2; 

 Nominal cell voltage: ca. 0.8 V; 

 Energy density: 50 Wh·L-1; 

 Cost: 70 % cheaper than vanadium 
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Solar rechargeable redox flow battery  

Anthraquinone (9,10-anthraquinone-2,7-disulphonic acid - AQDS) 

Br2 + 2e-   2Br-    E0 = 1.07 VSHE   

AQDSH2   AQDS + 2e- + 2H+   E0 = -0.213 VSHE 

+ 2e- + 2H+   E0 = -0.213 V   
  

Discharge 

2014 
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Solar rechargeable redox flow battery  

Charge 

Full organic redox flow battery 

2014 



Photoelectrochemical cells 

for water splitting 



Solar powered water splitting system to produces H2 and O2 

4OH
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Bias 

How? 

4h+ + 4OH- 

2H2O + O2 

4H2O + 4e- 

2H2 + 4OH- 

Alkaline medium 

Hematite photoelectrode 
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Photoelectrochemical cells for water splitting 
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Photoelectrochemical cells for water splitting 
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PortoCell 
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Photoelectrochemical cells for water splitting 

Band gap and band edge position of few semiconductors, pH = 0. 



A completely new world: 

 

Solar chargeable redox flow 

battery 
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Solar rechargeable redox flow battery  



Charge, pH ≈ 0 

V3+ + H2O + h+  VO2+ + 2H+ 

V3+ + e-  V2+ 

V3+ + H2O + h+  VO2+ + 2H+, E0 = -0.34 VSHE 
H+ 
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Solar rechargeable redox flow battery  

Cuprous oxide (Cu2O) band edges: 

• Conduction Band potential: -0.91 V; 

• Reduction Band potential: 1.3 V. 

V3+ + e-  V2+, E0 = -0.26 VSHE 



pH = 0 
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Solar rechargeable redox flow battery  

V3+ + e-  V2+, E0 = -0.26 VSHE 

V3+ + H2O + 2h+  VO2+ + 2H+, E0 = -0.34 VSHE 

Charging 
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Solar rechargeable redox flow battery  



Expected figures 

Overall energy efficiency    ~80 % 

Electricity storage cost per cycle   3 ¢€/kWh 

Time durability    20 years  

Nominal cell voltage    1.3 V 

 

Solar rechargeable redox flow battery 

Specific power (assumed η = 10 %)   100 Wp·m-2 

Specific energy (assumed 1.6 MWh·year-1·m-2)  4.4 kWh·day-1·m-2 

Volume of electrolyte produced per day (assumed 30 Wh·kg-1) 29 L·day-1·m-2  

Typical electricity house - consumption per day  9 kWh -> 300 L -> 20 m2 

Heat production     61 kWh·day-1* 

 

 

*Enough for heating 960 L of water from 5 °C to 60 °C assuming η = 70 % 
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Solar rechargeable redox flow battery  
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Solar rechargeable redox flow battery  

Spin-off company founded in 2014 on 
 

Redox flow batteries and direct solar charging technologies 

Patent pending: Bentien, A., Mendes, A. and Andrade, L., “A Solar 

Rechargeable Redox Flow Cell”, EP 14154865.1, February 12, 2014 



Bio-chargeable redox flow 

batteries? 

 

The microbial RFB 
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Bio-chargeable redox flow batteries? 

 

 The microbial redox flow battery 

Charge carriers 

Bm+/B(m+1)- 

e- 

Proton Exchange 

Membrane 

Counter  

Electrode 

Electrode Charge carriers 

Counter  

Electrode 

Microorganisms 

An+/A(n-1)+ 

Membrane 



Conclusions 
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Conclusions 

 New perovskite solar cells are expecting to have a production price of 0.1 €/Wp, 

ca. 3.5 times less than the best present price! 

 Redox flow batteries will soon have a storage electricity cost of 3 ¢€/kWh/cycle – 

the lowest local storage cost technology; 

 Photoelectrochemical cells are better used to store sunlight energy into RFB 

electrolytes! 
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A new world 

My home is my castle: 
I need sunlight but no grid! 



Questions are welcome 


