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Prometheus, meaning forethought, was the Titanwho, in the Greek mythology, stole the fire fromOlympus for the benefit of humanity against thewill of Zeus and the prevailing GodsFire = Solar Power TechnologyFET ProjectFuture Emerging TechnologiesStarting TRL = 1/2
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Production Method of Electrical Energy by Enhanced Thermal Electron Emission by the Use of  Superior Semiconductors – ProME3ThE2US2Grant agreement no.: 308975 Basic ResearchApplied ResearchHigh-Tech SMEsMultinational IndustryDuration: May 2013 - Apr 2016•Total Project Cost: 4.3 M€•Total EU Funding: 3.0 M€



ETIP- SNET- Nicosia, November 24th, 2017 Project Coordinator D.M. TrucchiETIP- SNET- Nicosia, November 24th, 2017 Project Coordinator D.M. TrucchiCATHODE ANODE Vacuum enclosure(pressure as low as possible)ZLOADPETE devices utilize both photonic and thermal processes for energy conversion, and are not subject to either the Shockley-Queisser limit or the thermal limit (Carnot): conversion efficiency close to 70% ** **G. Segev, Y. Rosenwaks, A. Kribus, Solar Energy Materials & Solar Cells 140 (2015) 464
PETE* devices can be defined as high-temperature cells for solar concentrating systems, since they avoid the limitations of junction cells and even benefit from high operating temperatures*J. Schwede,et al., Nature Materials 9 (2010) 762 Secondary conversion systemProME3ThE2US2 – High-Temperature Solar CellsCONCENTRATED SOLAR RADIATION Applications:• Domestic use• Rural environment use• Solar Towers



ETIP- SNET- Nicosia, November 24th, 2017 Project Coordinator D.M. TrucchiETIP- SNET- Nicosia, November 24th, 2017 Project Coordinator D.M. Trucchi
Conversion efficiencySegev, G., Rosenwaks, Y. Kribus, A.,J. Appl. Phys. 114 (2013) 0445050-D Model: Ideal cathode
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DOSE
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Proof-of-Concept demonstration
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T (°C)PETE demonstrated for the FIRST TIME under relevant conditions!Experiment TRL = 3,to be increased to TRL=5 with 3 years development
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Z
LOAD

FlexibilitySolid-state device:
✓Compactness
✓No mechanical parts in movement
✓Up- and down-scalable
✓Efficient use of materials The lowest device operatingtemperature could be 450 °C:

✓Topping cycle of additionallower-temperatureconversion cycles
✓Compatible with energystorageSecondary conversion systemorEnergy storage system



ETIP- SNET- Nicosia, November 24th, 2017 Project Coordinator D.M. TrucchiETIP- SNET- Nicosia, November 24th, 2017 Project Coordinator D.M. Trucchi
Z
LOAD Concept/CogenerationCogeneration: Thermal energy outputThe refrigerant performs an Organic Rankine Cycle (ORC).The anode heat dissipation is equivalent to a preheating + evaporation stage.Design of a modular system Sizing Mathematical model describing the overall system behavior



ETIP- SNET- Nicosia, November 24th, 2017 Project Coordinator D.M. TrucchiETIP- SNET- Nicosia, November 24th, 2017 Project Coordinator D.M. Trucchi600 – 1100 °C = TA
TE

Rload npnpnp Rload
450 °C > TC

TTEG,hs

T0
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FinalThermalStageConcentrated SolarRadiation

T zVacuum
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VacuumEnclosure
TTEG,cs

ElectricContacts
TEGTECCathode Total efficiency up to 45% @ 1050 °CST2G - Solar Thermionic-Thermoelectric Generator

*Pending PCT Patent WO 2014/033690Inventors: D.M. Trucchi, E. Cappelli, S. Orlando, D. Sciti Secondary conversion systemorEnergy storage system
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Future NeedsPhoto-thermionics Thermionics Thermionic-photovoltaicsTRL = 3 TRL = 4/5 TRL = 1/2For each technology, additional R&D is necessaryCollaborative projects for increasing TRLCollaboration is welcome!In 3 years:TRL = 5 TRL = 6/7 TRL = 3
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Future Needs• Specifically designed thermal cycle (small-scale Stirling engine?)• Specifically designed storage system (T < 450 °C)• Indoor irradiation conditions for upscaled prototype• Outdoor irradiation system for scalability and modularity, and testing under relevant conditions
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Why an Inter-Regional Cooperation?• Highly interdisciplinary know-hows (storage materials, engineering of the thermodynamic engine, optics, etc.)• The outdoor testing operational site should be located in the Southern Europe• Other kind of uses: desalination combined to power generation?
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Additional ApplicationsNuclear energy recovery Geothermal energyIndustrial furnaces andmetallurgic processesEnergy recovery in Aerospace Long-termMedium-termShort-term Automotive & Aeronautical Transport Impact
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