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Diamond and Carbon Compounds Laboratory

Innovative Conversion Technologies for Solar Concentrating Systems
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Development of an Outdoor Solar Concentration lab
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Development of materials and components for solar thermal en'éi:gy ;

Total CNR budget: 363 k€ (on 18.1 M€ total)
Duration: 2014-2017
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EU Project EEPHEST?US

Partners:

*CNR (Italy, Scientific Coordination)
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oA radiation absorber made of ceramic materials able to work stably

at high temperature (700 - 1000 OC)

oA thermionic conversion stage with CVD diamond as the active

material

oA thermoelectric conversion stage constituted by high Seebeck

coefficient materials

*Maximum theoretical efficiency >35%

Thermionic Stage Load
Duration: 3 years (Jan 2010 - Jun 2013)

*Total Project [Cost: 2.68 M€
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*For details, http://www.ephestus.eu

PCT Patent n. ITRM2012A000427 “Thermionic Conversion Device”

Inventors: D.M. Trucchi, E. Cappelli, S. Orlando, D. Sciti
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*Not Compact System : - cour radaton HP

*Mechanical Parts in Movement (Degradation with Operative Time)

absorber vessel

*Economically Reasonable for Large Plants (> 10 kWe)

OSCAR KoM - October 15", 2013



- daniele.trucchi@imip.cnr.if

Daniele M. Trucchi

Conversion Module Building Block

HfC — based absorber
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Metal Collector
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Absorbance Increase
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Femto-second laser texturing induces:
Solar Absorptance HCM30 (%)

Solar Absorptance S (%)
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ean excellent increase (>90%) in solar absorbance due to:

eIncrease of effective surface area
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*Diffractive effects owing to a structure with comparable periodicity with radiation

(grating-like behavior)
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*An increase of blackbody emittance.
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Laser wavelength optimization (ongoing activity)
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PCT Patent n. ITRM2012A000427 “Thermionic Conversion Device”
Inventors: D.M. Trucchi, E. Cappelli, S. Orlando, D. Sciti
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Thermionic Emitter — CVD Diamond

CVD (Chemical-Vapor-Deposition) Diamond deposited by MicroWave

Assisted System

*Deposition @ [CH,]/[H,] concentration
of 1.5%

I

Surface hydrogenation process after deposition induces NEA

condition (electron affinity < 0 eV)

If CVD diamond is n»doped by addiction of nitrogen during the deposition phase:

L )
*The emission current increases from 10 A/cm® to about 3X10% A/em® @ 780 C

*The output voltage increases from about 1 to 2 V (Fermi level shift) @ 780 °c

Large improvements are possible by acting on deposition parameters:
*[CH4/H2] concentration -> crystal quality
*[N2] concentration -> doping level and profile

eFilm thickness (< 1 um)

Collector is made of molybdenum that can be coated by Cesium (stability issues)

PCT Patent n. ITRM2012A000427 “Thermionic Conversion Device”
Inventors: D.M. Trucchi, E. Cappelli, S. Orlando, D. Sciti
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Low TI conversion efficiency due to an incomplete development of thermionic emitter (control of material deposition)

PCT Patent n. ITRM2012A000427 “Thermionic Conversion Device” "
OSCAR KoM - October 15", 2013
Inventors: D.M. Trucchi, E. Cappelli, S. Orlando, D. Sciti




Conversion Module - Design

*Compactness (11.4 cm diameter X 4.0 cm thickness). The

module has to be as compact as possible to reduce its
volume for minimizing heat and optical losses and for
reducing optical shadowing effects from non concentrated

sun radiation;

*Interchangeability of the components. Each component
can be mounted and dismounted thus favouring a strategy

of continuous optimization of the CM performance;

*Mounting easiness. The enclosure has been selected to

satisfy commercial standards and takes advantage of this

for mounting the module on its support;

'Sca]ablllty The design is completely scalable at larger

dimensions;

*Robustness. It has been studied a proper method to fix
the active elements on the supporting flange and favour

the collection of exhaust thermal fluxes in the primary

Daniele M. Trucchi - daniele.trucchi@imip.

thermal circuit.

E!'I !atent n. l I RCI!EHEKHHHZ% l Eermlomc Conversion Device
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Conversion Module - Design i

Absorber/Emitter

Molybdenum ferrule Window
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PCT Patent n. ITRM2012A000427 “Thermionic Conversion Device” ;
OSCAR KoM - October 15", 2013

Inventors: D.M. Trucchi, E. Cappelli, S. Orlando, D. Sciti
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Thermal Management Component

PCT Patent n. ITRM2012A000427 “Thermionic Conversion Device”
OSCAR KoM - October 15", 2013

Inventors: D.M. Trucchi, E. Cappelli, S. Orlando, D. Sciti



Conversion Module — Enclosure Fabrication
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PCT Patent n. ITRM2012A000427 “Thermionic Conversion Device”
Inventors: D.M. Trucchi, E. Cappelli, S. Orlando, D. Sciti
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Conversion Module under irradiation
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Experimental results are under elaboration!!!
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Tecnologie di concentrazione disponibili

*Collettori parabolici lineari (sistema 2D)
-Dischi parabolici (sistema 3D)
-Torre solare (sistema 3D)

Reflector

Absorber
Tube St o

Solar Field
Piping

7, . , 3
< Receiver/Engine >
Lot Receiver

Central

=

Q

XXX

O

XXX

Heliostéts

OSCAR KoM - October 15", 2013



Sistemi a concentrazione

Il fattore di concentrazione ¢ il
rapporto tra le aree di ingresso
(A,) e di uscita (Agp) del sistema
di concentrazione
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Per i sistemi di concentrazione 2D (concentrazione lineare), il valore

massimo teoricamente ottenibile & pari a:
CZD,Teorico = 1/sin(Bc) ~ 200
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Per i sistemi di concentrazione 3D (concentrazione puntuale), il valore
massimo teoricamente ottenibile & pari a:
C3p teorico = 1/8in%(6¢) ~ 40 000

OSCAR KoM - October 15", 2013
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Temperatura massima del ricevitore in funzione del rapporto di
concentrazione effettivo
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