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International Energy Outlook 2017
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Development of Countries strongly depends on availability of ENERGY
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Renewable energy sources

New Policies Scenario 2017-2030

Cumulative population accessing to electricity Global Electrochemical energy
storage capacity trend
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Water Management Report

Development of Countries strongly depends on availability of FRESH WATER
3% of water on earth

Demographic growth and water availability
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Energy Use fOr Water management International
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The Water — Energy Nexus

« Water and energy underpin economic and social development.
« Water is needed for each stage of energy production, and energy is
crucial for the provision and treatment of water.

Availability of clean water depends on
the energy sources of the Countries
and on their capability to exploit
renewable energy sources

A.M. Hamiche et al. / Renewable and Sustainable Energy Reviewsr651(2016) 819~831A DI BOLOGNA




Supercapacitors & renewable energy
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Supercapacitors vs Batteries
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v' EDLCs directly store energy from low voltage harvesters
v" For applications having high peak-to-average power demand

v" High cycling stability
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Microbial Fuel Cells (MFC)

Simultaneous wastewater treatment and electric energy generation
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Sustainable Materials, Processes & system design
Low-cost, bio-inspired electrodes and membranes from raw materials and by low-
impact production processes




Sustainable Supercapacitor Components

 Low-cost synthesis of inorganic oxides:
Binder — free Magnetite by autocombustion

Teheran
University

* Bio-inspired electrode materials
Melanin
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« Separators @ — K rrof. Clara Santato
Natural polymers : cellulose, pullulane ‘
Low-cost processing: electrospinning
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Binder free Fe;0,-C/NI by autocombustion
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K. Malaye et al., in preparation



Binder free Fe;O,-C/NI by autocombustion
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Fe;O,-C/ Ni is a promising pseudocapacitive material
for negative electrodes of hybrid- or pseudo-capacitors obtained by
low-cost processes |
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Melanin-based supercapacitors
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Natural pigment in animals, plants, human body (skin, eyes, inner ear, brain, hair

Heterogeneous macromolecule
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Functional properties: - biocompatible and stable in air and water

- UV-vis absorption, metal chelation, antioxidant
- electron and proton conductive when hydrated
- reversible redox processes

melanin as active material in energy storage systems

P. Kumar et al, J. Mater,. Chem. C, 2016, DOI:10.1039/C6TC03739A ~ UNIVERSITA DI BOLOGNA




Melanin-based supercapacitors
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Melanin-based supercapacitors
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Melanine is a strategic material for
biocompatible and biodegradable power

sources.

P. Kumar et al, J. Mater,. Chem. C, 2016, DOI:10.1039/C6TC03739A
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Siringa

Soluzione polimerica

Collettore

Generatore di tensione

Solution: Polymer powder 23% w/V in H,O
Flow rate: 0.9 mL/h thickness: 140 ym
Voltage: 18 kV

Distance needle-collector: 20 cm fiber diameter: 0.34 ym

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




Electrospun polymer separators e,
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Electrospun natural polymers can be used as separators and
enable green energy storage
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Take home message

Supercapacitors are key systems within the Water — Energy Nexus and
for Countries development

Melanine and natural polymers, and novel materials synthesis &
processing approaches, like inorganic oxides obtained by
autocombustion, and electrospun membranes, can be exploited to
develop low carbon foot-print supercapacitors, therefore enabling

low-cost and environmental friendly technologies
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