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Interests: [ emerging photovoltaics (PVs) and their upscaling
O novel agrivoltaic technologies

His research is now focused on perovskite solar cells (PSCs) and dye-sensitized solar cells (DSSCs)
Main upscaling technique under investigation: piezoelectric drop-on-demand inkjet-printing



mailto:chalkias@mech.upatras.gr
mailto:chalkias@uop.gr

Achieve a sustainable management of

Water-Energy-Food-Ecosystem (WEFE) nexus Patras, Patras is the largest economic, commercial center of the
Achaia, Peloponnese and Western Greece. Patras has one of the
-, Greece largest ports in Greece and is considered the gateway of

Culll, Ecosystems Greece to the West, both in terms of transport and

\ trade, as well as culture.

Achaia is considered a rich place and its inhabitants
g% are engaged in agriculture, animal husbandry and
, fishing. A large part of the agricultural production
& is occupied by cultivation of vineyards with grape
crops for the production of mainly wine, table
grapes and Corinthian raisins.

Agrivoltaic energy systems

Seprate L Useon 2 ecareCopand The cultivation of vineyards in greenhouses can lead to a
o BEES significant increase of their development rate (up to 100%, two
crops per year).

100% wheat - 100% solar electricity = ;%: m;aémxnry

The usage of renewable energy sources to meet the energy

Combined Land Use on 2 Hectare Cropland: Efficiency increases over 60%

g m demands of greenhouses (>25% of the total greenhouse costs
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are related to the energy needs) is considered an emerging and
T - very promising approach.

80% wheat 80% wheat = 160% wheat
80% solar electricity — 160% solar electricity
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(approach: shared structure and sunlight)

Development of an innovative low-cost photovoltaic (PV) technology
for agriculture-oriented applications

State of the art AgriTPVEng

tailored optical characteristics power production by
for greenhouses integration non-critical spectrum of
sunlight for the process of
low effect on the photosynthesis
photosynthetic action of plants

Opaque low development rate of

cultivations under them

land scarcity

low performance
in diffuse light
Silicon-based conditions

solar cells
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: : . no limitations in the orientation
inappropriate optical
characteristics o
no liquid state solar cell
~ low technological materials (without
Emerging maturity

translucent PV " : S
. uncompetitive cost . improved reliability
technologies '

high performance in diffuse
light conditions

performance limitations)

reduction of

manufacturing costs with
inkjet-printing upscaling




7 Dye-sensitized solar cells (DSSCs) Materials

research and
development

1 NS AN www.thesolarspark.co.uk

Scaling up of the Solar cells

solar cells using fabrication
inkjet-printing and design

technique optimization

4
T Solar cells performance,
stability and optical

characteristics evaluation

A piece of sticky/tape then seals the holesand
stopsithe electrolytelleakingout:

*Semi-transparent dye-sensitized solar
module fabricated for various applications

Technical novelty of the project

Systematic spectral engineering of semi-transparent DSSCs for agriculture-oriented applications

v" Novel dye-sensitizers that will absorb at non-critical wavelengths of light for the process of photosynthesis.

v Advanced quasi-solid state electrolytes that will demonstrate high transparency in the whole visible spectrum of light, without
performance limitations.

v'Novel electrode materials and nanostructures that will demonstrate a low overlap of their absorption spectrum with the
corresponding one of chlorophyll.

v Application of advanced and scalable inkjet-printing technique that will lead to the fabrication of large-sized high transparency
solar cells with low manufacturing costs.
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[Chalkias et al., J. Power Sources 496 (2021)
229842]
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*Small-sized spectral engineered dye-sensitized solar cell
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Possible collaboration with well-experienced laboratories in
designing novel dye-sensitizers (Dept. of Chemistry University of
Patras Greece, Institute of Chemistry Florence Italy, Dept. of
Chemistry University of Cyprus Cyprus, Institute of Technology
lzmir Turkey) and startups for upscaling 3™ generation
photovoltaic technologies (Patras, Greece), as well as farmers to
demonstrate prototypes in operational environment (Greece,

6% efficiency with 35% crop 8% efficiency with 40% crop

employment of conventional
liguid state electrolytes and

growth factor growth factor

employment of advanced
guasi-solid state electrolytes
and novel electrode materials

electrode materials
and nanostructures

accelerated ageing tests on

no systematic stability studies solar cells according to the

ISOS standards

use of conventional use of the advanced and
laboratory fabrication scalable inkjet-printing

techniques technique

The developed PV technology can be evaluated additionally
for a variety of cultivations, in different Mediterranean
countries, even for them who are characterized by a low

Egypt, Tunisia). Prospects for the development of
oo) oo c-Si / DSSC tandems
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spectral engineered DSSCs
- - - -improvement by AgriTPVEng

average solar potential (high performance of solar cells in
. diffuse light conditions).

. The successful spectral engineering of the solar cells will also

Wavelength (nm)

~ open the way for a variety of novel and niche applications.
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