An autonomous perovskite solar farm enabled by 2D materials
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During the past decade, there was intensive research on the development of perovskite
solar cells (PSCs), which have emerged as an alternative efficient energy harvester for both
loT devices and solar farms. The power conversion efficiency (PCE) of PSCs has rapidly
increased and is now approaching the state- of-the-art PCE of 26.1%' obtained by
crystalline-silicon PVs. However, this impressive PCE obtained on small-area cells and in
laboratory conditions should be also valid to large-area PV panels in real outdoor
conditions. Interface engineering, using solution processable 2D materials (e.g., graphene
and transition metal dichalcogenides) is an effective approach to increase the readiness
of this technology for manufacturing. The incorporation of the 2D materials improves the
charge dynamics of the interfaces and most importantly protects the perovskite layer
against diffusion of external agents, such as oxygen and moisture and the metal ion
migration2. In this context, the Graphene Flagship partners University Rome Tor Vergata,
BeDimensional S.p.A, Greatcell and Hellenic Mediterranean University demonstrated the
validity of this technology through the entire value chain, from materials development,
perovskite modules and panels fabrication and their integration in an autonomous solar
farm, to outdoor field tests, and assessment of the real energy production output. The main
validation of the proposed approach is the realization of an autonomous solar farm,
consisting of 5m? perovskite PV panels in the HMU campus at Creted. A continuous
monitoring of the solar farm was performed through in-house developed maximum power
point trackers, coupled with a correlation of the environmental conditions, recorded by a
weather station, with the outdoor performance of farm. The assembled solar farm delivered
peak power exceeding 260W, proving the scalability of the proposed technology. The
energy production of the solar farm was monitored for 12 months, demonstrating a
remarkable 20% reduction (Tso)) of the PV performance over 8 months of operation.
Moreover, the solar farm’s electrical characteristics were monitored as a function of
temperature and light intensity. The data analysis demonstrated that the perovskite panels
enabled by 2D materials are promising for outdoor operation at elevated temperatures,
such as in high-irradiance global locations.
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Figure 1: A photograph of the solar farm
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