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What we are generating? 



This is recycling? 



This is waste selection? 



Can we change this? 





Is this the future? 



5 countries dump more plastic into the oceans 

than the rest of the world 

At this rate, we would expect nearly one ton of plastic for every three 

tons of fish in our oceans by 2025 — an unthinkable number with 

drastic economic and environmental consequences. 



We dump 8 million tons of plastic into the 

ocean each year. Where does it all go? 

Concentrations of plastic debris in surface waters of the global ocean. Colored circles indicate mass concentrations 





Ins Sometimes we are inspired by science fiction … 

CLICK to watch the video 

Harry-Potter.mp4
Harry-Potter.mp4


Why paper? 

Cellulose is nature's most common building 

block. 

 

In a bio-economy and circular-economy 

in which renewable materials are one of 

the keys to a more sustainable future, 

cellulose has an active and a crucial role. 





… cellulose is: 

Most abundant biopolymer environmentally friendly  

Flexible and unbreakable 

Low cost material 

The lightest known material 

Well established production technology (100 km/h) 

Good dielectric properties 

Paper is ubiquitous 

Recyclable 



2-3 days 

4-5 years 



Bacterial cellulose 

 Produced by bacteria 

Ex: Acetobacter xylinum 

TC 

glucose 

UDP-glucose 

TC subunit 

Acetobacter xylinum 

nanofiber 

(40-60 nm) 

sub-elementary unit 

(1.5 nm) 

microfibril 

(~4 nm) 

 1 µm  
 



Bacterial cellulose 



Work done @CENIMAT 

Electronic devices 



In 2008 … 

Thin Film Transistors – interstrate 

structure 
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TETRA  solar 

A. Vicente, H. Águas, T. Mateus, A. Araújo, A. Lyubchyk, S. Siitonen, E. Fortunato, R. Martins, Solar 

Cells for Self-Sustainable intelligent Packaging, J. Materials Chemistry A, 2015, DOI 10. 

1039/C5TA01752A. 



Work done @CENIMAT 

Biosensors 



Affordable 

Sensitive 

Specific 

User-friendly 

Rapid and Robust 

Equipment-free 

Delivered to those in need 

World Health Organization  

 The WHO established guidelines for developing 

diagnostic tests adequate for developing 

countries and resource-poor settings, which are 

summarized under the acronym ASSURED  





Lab-on-Paper 



Paper Analytical Device 

Glucose biosensor 

1. μPAD 

Costa, M. N. et al., A low cost, safe, disposable, rapid and self-sustainable paper-based platform for 

diagnostic testing: lab-on-paper. Nanotechnology 2014, 25, 094006. 



Conclusions 



Challenges/Opportunities 

Healthcare 
   (aging population) 

Water 

Food 

IoT  

Requirements for Future Ubiquitous Electronics 

• Ultracheap/disposable 
 Scalable production of electronic inks 

• Seamless integration 
 Printable flexible electronics 

• Power management 
 Ultra low power electronics/ 
 Energy conversion/storage 

• Efficient wireless communication 
 High speed electronics/ 
 New devices for WIFI 

Paper        disruptive 

Applications 

and 

Applications       paper 

with more functions 



“If you want to go fast, go alone. If you want to go far, go together” 
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Filme EPO 

CLICK to watch the video 

Elvira-Fortunato_Paper_transistors.mp4
Elvira-Fortunato_Paper_transistors.mp4

