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Energy Harvesting and Storage Devices
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Energy Harvesting and Storage Devices

1. Energy harvesting: solar

Supercapacitors cells "”"’
ASTEEP 2. Energy storage: Blue energy %
C‘D supercapacitors ‘.

. 3. Integration — e
_:,:_ Ihtearated 4, Err:eerrgy harvesting (2): blue ==
: gy
C,; devices 5. Energy harvesting (3): @ Raw materials
from CO , emissions recovery




Dye Sensitized Solar Cells

J Single absorber

Standard Solar
Cell

Single absorber

Bifacial Solar Cell

™~

Semitransparent
Back electrode

|

Double absorber

Tandem Solar

|

SYMMETRKIANDEMBIFACIAL DSSC

Double semitransparent
absorber

N

Shared Bifacial
Counter electrode



HTBDSSC

G. Gianola et &023 Solar Energy265, 112116.

Dye Sensitized Solar Cells
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Energy Harvesting and Storage Devices

1. Energy harvesting: solar
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Electrochemical capacitors or Supercapacitor

Supercapacitors are finding increasing interest in the scientific and industrial community due to their exceptional

power density and long life cycle.

charge
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Ue'—o‘

Specific power (W kg~')

A Automotive
A Renewables source & grids

Applications:

A Remote applications requiring long-life and no
maintenance

A Self-rechargeable portable power systems
A Wearable electronics.
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From the literature:Schiitteret al. Advanced Energy Material8.25 (2019): 1900334.

Estimation of Total Addressable EDLC
Market in Millions / EUR
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SupercapacitorsApplications

Packs Miniaturized device
Type CPH3225A
Max. Use Voltage(V) 3.3
Capacitance(F) 0.011
Internal Impedance(Q) 160
Size L X W x H(mm) 32X2:5%609
Weight(g) 0.024
Seiko InstrumentsK8373 l

222 F
51V
420 x 180 x 180 mm

Dialog Semiconductor

DA14580SoC
Lamborghini Sian FKP 37 Samsung Galaxy Note 9 Stylus
A Supercapacitoc Fuel Hybrid A Micro-Supercapacitor
A 610 kwW-> from 0 to 100 km/h in 2.8s A Fully charged in 40s
A Regenerative breaking A 30 minutes of use

A Replace batteries
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(a)

(8)

Voltage (V)

Current Density (A g?)

Faradaic type

Charging /| pischarging

Time (s)

Discharging

Voltage (V)

(e)

Voltage (V)

Current Density (A g)

Electrochemical supercapacitors

Voltage (V)

(c)

(f)

Voltage (V)

Current Density (A g?)

Pseudo Capacitive 2
Capacitive type
SR Y
Oxd @

Time (s)

Charging

Voltage (V)

3 different storage mechanisms

A Faradaic : chemical
Intercalation of ions into the
structure - > battery - like

A Pseudocapacitive : surface
redox reactions

A Capacitive : electrostatic charge
accumulation in the electrical
double layer

12



Green Supercapacitor

Selection of the advanced materials able to warrant the green route for the fabrication of sustainable

energy storage

In particular:

A aqueous electrode processing & green electrolytes

[ 3 [ ]
Conductive
carbon ﬁJ 1
: | . ; . Solvent recovery
é SIUI’I’Y @ é 5 g § ;7'~\|
o D -
: Cutting/notching

+ ® Further processing:
e @ @@ \
< @ ﬁi o

Calendaring

Active
material

Mixer
-« -
Solvent Mixing Coating Drying Recovery
: : - Solvent vapours needtobe :  Recovery system required to
2 . . H . .
ventilation system and PSE : enviroment needed : dispersion in the atmosphare * P e

PSE only required for

: Canbe performed :
hendiing of poclars s el inpsirorme - Norecovery necessary Not needed

From the literature:Bresseret al. Energy & Environmental Sciendé.11 (2018): 309@127.

A active materials derived from biomaterials and bio-
derived polymers as binders

POLYACRYLATES

Polyacrylic acid (PAA)

Polymethyl acrylate (PMA)

Polybutyl acrylate (PBA) 7
Polyvinyl acetate (PVA)
Polyacrylonitrile (PAN)

OLIGO-AND
POLY-SACCHARIDES:
Carboxymethyl cellulose (CMC)

Chitosan, Alginate, Pectine,
Amylose, Starch, Gums
(Xanthan, Arabic, Gellan,
Karaya, Guar)

&‘4? (Fluoro acryclic
_*V polymer)

=

="

- Natural

cellulose
(R=H)

ALIPHATIC POLYMERS
Polyethylene (PE)

Polyisoprene

Polyvinyl pyrrolidone (PVP)
Polyvinyl butyral (PVYB)

L ———

recHcon OF dn

I

Poly tetra-
fluorethylene
(PTFE)

PROTEINS
Gelatine
Caseinate

F F - AroMaTIC POLYMERS

=y Polystyrene (PS)
FE Polyurethane (PU)
N Styrene-butadiene rubber (SBR)
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Technologies, competencies and facilities on electrochemical devices

Electrodes

packaging

Packaging

P Electrode Material

> Separator/Electrolyte

Electrochemical

characterization

Electrolytes

9 2D nanomaterials ( graphene , MoS2, MXenes)

9 Metal -oxides ( MN O2, ZnO, Fe203, Ti 02,
1 Thin film technologies (CVD, PDV, ALD, laser)
1 Chemical synthesis (hydrothermal , electrochemical deposition )
9 Innovative current collectors
9 Water -based (liquid and quasi solid gel)
9 organic solvent -based
1 lonic Liquids (commercial and homemade
bio -derived )
1 polymeric
1 Coin cell
1 Pouch cell (coffee -bag )
1 Flexible homemade (planar, wire  -shaped)

1 Wounded homemade
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1 Leakage current
1 Self-discharge
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Where can contribute?

3D Grapheneaerogel

\

+ Pseudocapacitivaaterials

(a) MoS, monolayer

Gigot et al. ACS Appl. Matdnterf. 8 (2016)
Gigot et al. Materials 11 (2017)
Lamberti,Mat. Sci.Semic Process. 73 (2018)
Garinoet al. Electrochimica Acta 306 (2019)
Serrapede et al. Materials 13 (1) (2020)

Requirements
A highelectricalconductivity

A controlledporosity

Lower costs
&
reduced environmental

Autoclave

Lamberti et al.Nanotechnology28 (2017)

Lamberti et al. 2D Materials 4 (2017)

Clerici et al. ACBppl. Mater. Interfaces8 (2016)
Parmeggianet al, ACR\ppl. Mater. Interfaces11 (201¢
Zaccagnini et al, Electrochirpica Acta 357 (2020)



2 and 3D micrsupercapacitors

Printing
syringe

PVA/H,PO, PVA/H;PO, layer
gel

(Solid electrolyte)

AC paste AC electrode

PET support sheet PET support sheet

3

Metal contact

. AC electrode Flectrolyte
N

A AC electrode AL slectrode

Electrolyte Electrolyte

/

Metal contact AC electrode AC electrode

330 mF cnd
1.0 Vin PVAJRQ,

AC electrode

10.1016/j.addma.2020.101525

3D printing of GO ink 3D GO aerogel 3D G aerogel 3D G aerogel/MnO2
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10.1016/j.joule.2018.09.020




Where can contribute?

microSupercapacitoréuSJ by laser induced graphene (LIG)

LIG disruptive technology for flexible electrodes:
A Direct laser writingy no mask or patterning

A One step process fast

A Low temperatured flexible substrates

A Low costh compatible with flexible electronics
A VersatileA many polymer as precursor

Laser source

Sample holder

— Clamping system
- Polyimide foil
LIG lines

Flexible and stretchable devices

‘A b c High temperature application
b) . -
LIG/MosS A Lm— h
| d T —

+ Pseudocapaciti
materials )
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Where can PoliTO & lIT contribute?

microSupercapacitoréuSJ by micromachining and polymeric additive manufacturing

Flexible or rigiduSC PolymericuSCbhy 3DP

h 4
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Gra/ss

3D printing

Electroplating Deposition =
For The Active Material =

' \. Pouch Sealing 3D printed interdigitated electrodes made of PEDOT
' ™ 1M NgSQ Gel Electrolyte
A Green Process for Electroplating %Zf_ e Eﬁﬁmz
A Water Based Electrolyte £ o] T ooz
A Large Voltage window 1,5 V 1)/
A Asymmetric Configuration
A Capacitance 1 to 5 mF/@n o] | o] ¥

A ESR around few Ohm

Voltage V Time S




The infrastructure from the point of view of covering a wide TRL rar
ddzYYlIF NAT SR Ay (4KS AR

¢ Nanotechnology RESEARCH
| Electrochemistry INFRASTRUCTURE
Material Science
el Research
a Outputs >, o
%5 :f’- : '
Q \\> Prototypes
Industrial
Needs and
Requirements

INNOVATION
INFRASTRUCTURE




Where we areEnvipark_abs- Energy storage pilot lindfyroom

DRY ROOM
7

Drying and
assembly
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Energy Harvesting and Storage Devices

Supercapacitons

N

71N

N

Ch

/ntqgrated
devices

la

> W

. Energy harvesting: solar

cells ”
. Energy storage: Blue energy 1
supercapacitors
Integration £ <3
Energy harvesting (2): blue _—
energy
. Energy harvesting (3): @ Raw materials
from CO , emissions recovery

21



Integratedenergy harvesting and storagg/stems

Sustainable energfrom ambient light

|~ Intermittent power generation

4

a ( , [l ) Stored energy availablen demand

\ ]
e - ey .
e &by / Need torechargeperiodically
470mF /5.5 Volt 3
+r:<l'
— @)

[1] www.epishine.com/product
[2] www.capxx.com/product/

22


http://www.epishine.com/product
http://www.cap-xx.com/product/

Integratedenergy harvesting and storagg/stems

&
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Selfcharging undeatrtificial indoor light

Maximumcharging voltage 3 V

Sharedabrication process orsharedsubstrate

TR AL
PRNTING **l FRINGAND DYEING

23

R. Speranza et al. 2023, Solar RRL



Integratedenergy harvesting and storage
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o Titanium foils  Titanium grids LIG on Kapton (Less) Titanium grids

24

R. Speranza et al. 2023, Journal of Power Sources; R. Speranza et &lezd28himicaActa



Energy Harvesting and Storage Devices

Supercapacitons

N
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. Energy harvesting: solar
cells :fbi

. Energy storage: Blue energy ¥
supercapacitors
Integration £ <3
Energy harvesting (2): e
blue energy

. Energy harvesting (3): @ Raw materials
from CO , emissions recovery
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‘- Blue energy V Secure
V Large scale

V Reliable
Ocean energy resources V constant
U Ssea waves
U seatides
u terr.1p.erature. gradient Complementary technologies to
U salinity gradient desalination : use of Gibbs free
) energy of mixing
A Pressure Retarded Osmosis (PRO)
Can use the discharge brine of A Reverse Electrodialysis (RED)
desalination plants! A Capacitive Mixing (  CapMIX)

Logan, Bruce E., and Menachem Elimelé&iiure488.7411 (2012): 31319.



Fabrication methods

20cm x 20 cm

GO gel Glass substrate
~, ge l

’ - Z
‘ /
2

Casting Drying at room temperature

Dr. Blade

V Medium control on order degree (influences
the permeability and selectivity)

V High thickness control
V Scalable technique

A. Aixala- Perell6 etal. 2023, npj 2D Mater Appl 7, 46.



Stability and morphology

f-GO+GO f- GO+PVDF \f GO+PVA

060

L. Baudino etal. 2022, Membranes, 12, 233.

Lithium recovery

Capture mechanism

LiCl release,
| Membrane
Ny regeneration

Lithium capture R
release ofFI)—ICI

70% of lithium recovered
from 1mM solutions in just a
few hours!

28



Energy Harvesting and Storage Devices

Supercapacitons
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Energy harvesting (2): blue _—
energy
. Energy harvesting (3): @ Raw materials
from CO , emissions recovery
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Energy Harvesting and Storage Devices
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