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Novel contributions

Addressed research questions/problems

Research context and motivation

Adopted methodologies

Future work
• Time abroad at Tyndall National Institute (Ireland) to interact with experts on real 

IoT device and sensors and perform real-life test of the prototypes  
• Keep working on open projects  

PhD program in 
Electrical, Electronics and 

Communications Engineering

XXXIV Cycle

23 %

19 %

13 %
                            C-based CE      PEDOT 

Jsc (𝜇A cm-2)            86                 82 
Voc (V)                      0,87             0,82 
FF                               0,70             0,68  

𝜂 (%)                          15,6             13,2

15,6 %

13,2 %

Indoor 1200 lux

Indoor 1000 lux

Highlights: 
• High output voltage of 3,2 V  
• Conversion efficiency of 13 % under indoor light  
• Integration on same substrate 
Possible Advancements: 
1. Real life compatibility 
2. Higher efficiency with new design  
3. Higher efficiency with new materials 
4. Long-time stability 

2. New design ! Symmetric-tandem-bifacial DSSC

2. New materials ! Printed carbon-based counter 
electrode for Cu-based electrolyte for DSSC

3.Stability ! In-sity polymerization of Cu-based 
electrolyte for DSSC

1. Real life test ! Current-voltage behaviour under real day-night cycle in indoor environment 
Integrated indoor energy harvesting & storage system

Integrated flexible energy harvesting & storage system

Highlights: 
• Shared pouch-sealing fabrication 
• Good stability under bending stress 
Possible Advancements: 
• Higher efficiency with new materials 
• Easier fabrication process

Easier fabrication process! Micro-grid deposited on transparent polyimide by photo-
lithography for transparent current collector stable at high temperature

Easier fabrication process! Electrophoretic deposition of TiO2 for flexible 
photoanode fabrication

Higher efficiency with new materials! Laser-induced graphene as counter 
electrode for Cu-based electrolyte for DSSC

Evaporation

DSSC with liquid electrolyte 
DSSC with in-situ polymerized electrolyte 120s 
DSSC with in-situ polymerized electrolyte 60s 
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Screen printing Photo-lithography

Laser writing UV photo-polymerization

Vacuum pouch-sealing Electrophoretic deposition

Scalable fabrication techniques

• Current-voltage measurement 
• Standard characterization 

technique for solar harvesting 
device 

• Performed under different light 
sources 

• Electrochemical impedance 
spectroscopy 

• Investigate electrochemical 
processes happening inside the 
device (e.g. charge transfer, redox 
reaction, charge diffusion) 

• E.g. scanning electron 
microscopy  (SEM)  

• Characterize micro and 
nanostructured materials  

Integrated energy harvesting 

& storage  

• SUPERDAPACITOR (SC)  ! Longer lifetime than batteries 
• DYE-SENSITIZED SOLAR CELL (DSSC) ! Self-powered by ambient light  
• SC+DSSC ! Greener, safer, possibly cheaper

questions

Real life application 
(can it really work?)

Scalability 
(can be done at large scale?)

Efficiency 
(is it worth it?) 

Flexibility 
 (wearable application?)

30 billion of connected Internet of Things (IoT) devices by 2025 (source: IoT Analytics)
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