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Outline

 Indoor light harvesting

« Markets and applications of indoor PV
* Photovoltaic technologies

 Test conditions: indoor vs outdoor

« Strategies for high indoor efficiencies
 Indoor perovskite solar cells

« Challenges and perspectives
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Photovoltaics for indoor light harvesting

OUTDOORS INDOORS
Harvesting of artificial light inside buildings

* Product-integrated (MW-mW)

v" Improvement in buildings’ sustainability
+ Solar farms (MWSs) v' Reduction of battery usage

» Building-integrated v’ Portability
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Applications and markets
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« Market rise associated with lowering of consumers products’ cost

« Fastest growth among alternative small volume PV markets
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Applications of indoor PV
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Photovoltaic technologies

First Generation

Crystalline silicon solar
cells

Second Generation

Thin film solar cells

Third Generation

DSSC, OPV, perovskite,
multi-junctions
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Photovoltaic technologies — 34 generation
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Photovoltaic technologies — 34 generation

DYE-SENSITISED SOLAR CELLS ORGANIC PHOTOVOLTAICS (OPV)

(DSSC)

D/A BHJ blends OPV Device

— — _j/FTO

A4,
sea% Photoelectrode
9

Cathode

S oYX 7
9 oM\ %8 3Rt % | oo\ Lo L
20 gord T A, 100 g9-2 volgy

ole /X Py o005 S 82-Pe 02 "o
) D ,«o,%gé_{;j\}?\ U[\)O\.—O%é\o,f”o \
e Dye
o 8, -
| 8 |3 Anode
e o IR
|
|Glass j

* Donor/acceptor system of
polymers and small molecules
Efficiency: 17.4%

* Photosensitive organic dye
e Efficiency: 12.3% .

Low-cost
Printability
Flexibility

Colour-tunable, semi-transparent

PEROVSKITE SOLAR CELLS (PSC)

TCO
e SELECTIVE .
CON'i'.:xé:i‘ ® ®
Ot G ®
[ k [
&v ‘ ‘}:vd
N = ‘ Q " " LW
PEROVSKITE (4] d
(thin film) «
A :
v HTM
METAL
CONTACT
* Hybrid organic inorganic perovskite
crystals

e Efficiency: 25.2%

CsPbBrs
MR

Sutton R. (2016) Adv. En. Mat., 6, 8, 1502458

8

POLOSOLAREORGANICO
REGIONE LAZIO




PV performance evolution @STC
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Outdoor vs Indoor

STANDARD TEST CONDITIONS
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. =P Different optimization of indoor PV compared to outdoor cells!
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Strategies for highly efficient indoor PV

“» Bandgap engineering
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Strategies for highly efficient indoor Pv  TU/e

* Suppression of charge recombination TiO, electron transporting layer (ETL)

o

« Minimization of dark currents by insertion of a
compact, defect-free transport layers
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Strategies for highly efficient indoor PV

¢ Suppression of charge recombination
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« Minimization of trap-mediated recombination by morphological control of the active layer
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Strategies for highly efficient indoor PV

*» Light absorption and charge transport

 Dilution of electrolyte increases * Increase in active layer thickness
transparency (light absorption) of DSSC improves photogeneration in amorphous Si
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Indoor perovskite solar cells

Composite SnO,/MgO ETL for rigid PSCs
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« MgO interlayer blocks recombination (insulating thin layer)

 Reduces ETL roughness and defects at interface
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Indoor perovskite solar cells ~ # Fraunhofer
Flexible PSCs on R2R-coated ultrathin glass
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Indoor perovskite solar cells

\

~ Fraunhofer

FEP
Flexible PSCs on R2R-coated ultrathin glass
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Progress of indoor PV
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Progress of indoor PV - flexible
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Challenges & perspectives

IMPROVING

RELIABILITY
& DURABILITY

LOWER SOLAR
ELECTRICITY
COST

AR

LOWERING MATERIAL
& PROCESS COSTS

Universita di Roma
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« Big margin of efficiency improvement for
indoor PV (theoretical max. 50-60%,

depending on type of lamp)

Nanolnnovation 2020, G. Lucarelli

20

POLOSOLAREORGANICO

REGIONE LAZIO



Challenges & perspectives

IMPROVING

RELIABILITY
& DURABILITY

LOWER SOLAR
ELECTRICITY
COST 4
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LOWERING MATERIAL
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Low-volume a-Si
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Cell/Module manufacturing cost ($/cm2)
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* Low-cost printing techniques

* Replacement of expensive and rare materials
* Predicted increasing production volumes
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Challenges & perspectives

IMPROVING

RELIABILITY
& DURABILITY

LOWER SOLAR
ELECTRICITY
COST

AR

LOWERING MATERIAL
& PROCESS COSTS
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« Milder operating conditions indoor vs outdoor

 Efficient encapsulation methods

« Compositional engineering and material optimisation

for stable indoor PV
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Conclusions — how to choose the best indoor PV?

Functionality | Efficie_nc_y
(transparency, colour, flexibility, (STC, indoor low lighting e.g. CFL
weight, easy integration) and LED lamps, 200-1000 Ix)

Cost and

commercialization
environmental impact (market readiness, production

(toxic elements content, green volumes, cost of raw materials
solvents, lifetime in indoors) and processes)

Stability and

Nanolnnovation 2020, G. Lucarelli 23

POLO SOLAREORGANICO

REGIONE LAZIO



Acknowledgments

Prof. Thomas M. Brown Prof. Franco Cacialli
Dr. Sergio Castro-Hermosa Dr. Andrea Zampetti

Dr. Janardan Dagar ~Z Fraunhofer Prof. Maria Adriana Creatore
TOR VERGATA Dr. Francesco Di Giacomo eep Dr. Valerio Zardetto
— DDDDDDDDDDD Prof. Francesca Brunetti or. John Fahlteich

r. John Fahlteic
Dr. Francesca De Rossi TU / e _
_ Dr. Matthias Fahland
Dr. Babak Taheri o
Michiel Top

Na D Rome, 15-18 September
u @CHOSE_UniRoma2 crenlnnovation
CHOSE Center for Hybrid Conference & Exhibition

and Organic Solar Energy

'i Chose Polo Solare Organico ;’\
40

1 www.chose.uniroma2.it APOIO

European
Commission

Nanolnnovation 2020, G. Lucarelli 24



Thanks for your attention!
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