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What is GreEnergy prolect and why :t was born?
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World energy consumption by fuel
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https://en.wikipedia.org/wiki/Avoirdupois
https://en.wikipedia.org/wiki/Atmosphere_(unit)
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Kilowatt_hour
https://en.wikipedia.org/wiki/Calorie
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....back to the 70’ ....80%.....

Crude OQil Prices
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....back to the 70’ ....80%.....

Emerging technologies
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....back to the 70’ ....80%.....

Emerging technologies
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....back to the 70’ ....80%.....

1887 — Electrodes illuminated with ultraviolet

light create electric sparks - Heinrich Hertz Best Research-Cell Efficiencies LAY L
. . 50
1900 - Energy carried by electromagnetic
] n Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies
waves could only be released in "packets" of 4| Lh=ltie achs © CIGS (concentrator) S Sharp
[~ MM = metamorphic ® CiGS : Solar (MM, 302%)
energy - Max Planck IMM = inverted, metamorphic O CiTe ﬁmgﬁt; o (e (e
. . . . . 'V Three-junction (concentrator) O Amorphous SiH (stabilized) Spectrolab | Fraunhofer ISE . S duct 2oy 4-J, 297x =
1905 - nght energy Is ca rried in discrete vy - X Three-junction (non-concentrator)  Nano-, micro-, poly-Si (MpM 299%) r(a!\lﬂjlr\]ll %Eztx)\ Tmﬁozogi)w g
. . . Twodunction (concenirator) Emerging PV Bosing-Spectroiab  Boeing-Spectrolab ™\ 7 e, NREL
quantized packets - Albert Einstein A Twojunction (non-concentrator O Dy savsiizod ol o) (2000 N SO 3mg
. . '] | = Four-unction or more (concentrator) O Perovskite cells (not stabilized) ~ I Solar Boeing-
1914 - experiment supported Einstein's 40 [~ O Four-unction or more (non-concentrator) @ Oigaris el [zions ypes) (AREL(M) o o e o Spectrolab (5-J) | —
. Trsatle i A Organic tandem cells T——% “Boeing-' M, 418 oo
model of the photoelectric effect — Robert oot © Inorganic cals (C2TSSe) ooy P Spaop “ e 'TMSM““ () 37.5% A4
e /- A Congcemrryator < Quantum dot cells Spectrolab/™ ™ ol arp (IMM)
Milliken Y Thindi | Spectrolab SBOE‘”%'b NREL (IMM) * " Sharp (IMM) NREL
. " d' f h | |n-.|mcrysta SNREL\/b pectrola PSS ZELIRIELD v FhG ISE (467%) EYRTA A
1921 - Nobel Prize for " discovery of the law gl Crystatinesi cals Japan  Spectrola Spechl, s — -
. “ . . — B Single crystal (concentrator) NREL Energy IES-UPM (17x) Ata 44 31.1% P}
of the photoelectric effect” - Albert Einstein S B Skcpacrpsalnar oo Varian NREL Spectrolab o (1026x) 4 Devioes 4
. - ulticrystalline Varian (216x) FhG-ISE 57 Alta 29.1% N
1923 - Nobel Prize in for "work on the > opf & TS (2050 pA i ./ S & A P i
. O flicon heterostructures (HIT) &S N R e Qemm—m————————————— \ as0nic / SunPower
elementary charge of electricity and on the S V7 Thindfim crystal i O A e emm e == === === F?ana'uJu'_"" e
) . o 3 ub UNSW S Fang g
photoelectric effect” - Robert Milliken 2 - e Se_Se G
(TJ. Watson A====""" UNSW/  NREL Sanyo o~ —-—=—"7 ERPA | NREL
L 20 Research Center) - Georga  Eurosolare (1) === = FhG SE 7SW (Flex poly) .5 83 Flrst Solar
— C Georgia €orgia Tech l /
BN Tech ed NREL  NREL s / Solar
- eeting Unsw - 1 - NREL NREL NREL NREL  NREL TG g oo Eraunhof “\EQGSS;H
. 1+ ReA Sandia a2 - USo. = h - NRE '—VQ 0(|ar§2aar|%a) \4 Fir ""KRE?rseamh
0. Larolina Florida T N 1 it b - §
TOd ay -com merCIaI Mobil ././ State U, gojorey SOETEX _ Ny g ReL Mo g power U. Stutigart United Solar Mgshu dierL 1
Solar ARCO Achoemg ———§9 NREL EUOCIS niteq Solar (smalkarea) \ieq Soler (aSilncSifcSi). e — Electronics
12+ Boe % Kodak Kodak L A -~ Boeing —O— Sharp NI LA-
solar PV cells have ) e 5 o— P
Boeing oeing L Kaneka K
1 ARCO . “ onarka
United Solar Solarmer <
a p p rOXI m ate Iy NREL / Konarka  Konarka A
o o Groningen U. Linz %
(o) K2— U, T =
15-20% efficiency, i e
U. Linz 0.Linz emens U.Dresden < NREL g
. : (ZnOIPbS-QD) -
and the prlce Ofa AN T TN AN T TN TN TN AN T TN NN M I I TN NN TN AN TN TN TN NN AN TN M AN TN YT TN N TN Y TR N |-

o 1975 107, 1985 1990 1995 2000 2005 2010 2015
1m2 is around €400.

GreE



...PV effect efficiency limit!!!
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The Shockley—Queisser limit for the
efficiency of a single-junction solar cell
under unconcentrated sunlight at 273
K. This calculated curve uses actual
solar spectrum data, and therefore the
curve is wiggly from IR absorption
bands in the atmosphere. This
efficiency limit of ~34% can be
exceeded by multijunction solar cells.

William Shockley and Hans-Joachim
Queisser presented in 1961 for the first
time the calculation of the maximum
conversion efficiency of a p—n junction
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Sﬁlar cell illuminated by the sun, wf:je{)e T
the sun spectrum was approximated by
the emission of a black body with a Bandgap (eV)

surface temperature of 7. = 6000 K
(Shockley and Queisser, 1961).
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https://en.wikipedia.org/wiki/Shockley%E2%80%93Queisser_limit
https://en.wikipedia.org/wiki/Multijunction_solar_cell

But......quantum theory...
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Nano Antenna effect hlstory
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@ 1973 - Robert Balley, along with James C. Fletcher, received a patent (US
3760257 ) in for an "electromagnetic wave energy converter".

@ 1984 - Alvin M. Marks received a patent in for a device explicitly stating the
use of sub-micron antennas for the direct conversion of light power to
electrical power

@ 1996 - Guang H. Lin reported resonant light absorption by a fabricated
nanostructure and rectification of light with frequencies in the visible range

@ 2002 - ITN Energy Systems, Inc. published a report on their work on optical
antennas coupled with high frequency diodes.

@ 2015 - Baratunde A. Cola's research team at the Georgia Institute of Technology,
developed a solar energy collector that can convert optical light to DC
current, an optical rectenna using carbon nanotubes.
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https://worldwide.espacenet.com/textdoc?DB=EPODOC&IDX=US3760257
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The dream
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Efficiency of Nano Antenna cell — app. 85% !1! -
Practically estimated app. 60%

Steven Novack estimates the current cost of the
antenna material itself as around 5-11 USD / m? in
2008

GreEnergy project goal

targeted efficiency of the overall system is 20-
40%, while the theoretical efficiency ...., at an
estimated system cost below €100 per 1m2.

GreE



GreEnergy challenges
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Efficient nano-antennas

Efficient diode

Energy storage

Architectures design and evaluation
Integration

Large scale fabrication

Expertise needed
Modelling and design
Fabrication and measurements
Integration
Design to cost

Large scale fabrication processes
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