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powered valve fluidly connected to the hot water flowpath;
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ture of the mixed stream and a setpoint temperature thereof
within a particular range.

12 Claims, 8 Drawing Sheets

/ 200

13A

12B 13B

19B



US010290433B2

a2 United States Patent (10) Patent No.:  US 10,290,433 B2
Breen et al. 45) Date of Patent: May 14, 2019
(54) PLASTIC SOLAR DYE CELLS HO01G 9/00 (2006.01)
HOIL 51/00 (2006.01)
(71)  Applicant: 3GSOLAR PHOTOVOLTAICS LTD., (52) US.CL
Jerusalem (IL) CPC ........ HO01G 92077 (2013.01); HO1G 9/0036
(2013.01); HOIG 9/2031 (2013.01); HOIG
(72) Inventors: Barry Breen, Givat-Zeev (IL); Nir 9/2095 (2013.01); HOIG 9/2059 (2013.01);
Stein, Tel-Aviv (IL); Ron Paz, Rehovot HOIL 51/003 (2013.01); YO2F 10/542
(IL); Jonathan Goldstein, Jerusalem (2013.01)
(IL) (58) Field of Classification Search
CPC ittt HO1L 51/003
(73) Assignee: 3GSolar Photovoltaics Ltd, Jerusalem See application file for complete search history.
L)
(56) References Cited
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 U.S. PATENT DOCUMENTS
US.C. 154(b) by 0 days. 2006/0219294 Al* 10/2006 Yabuuchi ........... HO1G 9/2031
136/263
(21)  Appl. No.:  14/904,953 2007/0209696 AL*  9/2007 DUEIT ..covconer HO1G 9/2031
136/252
(22) PCT Filed: Jul. 15, 2014 (Continued)
§ 371 (©)(D),
;! EP 1589548 Al  10/2005
(2) Date: Jan. 14, 2016 WO 2011009631 Al 12011
(87) PCT Pub. No.: W02015/008227
OTHER PUBLICATIONS
PCT Pub. Date: Jan. 22, 2015
Durr et al., “Low-temperature fabrication of dye-sensitized solar
(65) Prior Publication Data cells by transfer of composite porous layers,” Nature Materials 4,
- . 3k
US 2016/0141113 A1 May 19, 2016 G07-G11 (2003) (Year: 2009).*
(Continued)
Related U.S. Application Data Primary Examiner — Angelo Trivisonno
(60) Provisional application No. 61/846,093, filed on Jul. (74) Attorney, Agent, or Firm — Marc Van Dyke
15, 2013.
(51) Int. CL 57 ABSTRACT
HO2N 6/00 (2006.01) Solar dye cells having a plastic housing, and methods of
HOI1L 31/042 (2014.01) construction such solar dye cells.
HOIL 21/00 (2006.01)
HOI1G 920 (2006.01) 20 Claims, 12 Drawing Sheets

106

122
23 | 120

132 3
]34} 130

128




a2 United States Patent

Goldstein et al.

US009704653B2

US 9,704,653 B2
Jul. 11, 2017

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

")

@
(22)

(65)

(63)

(1)

(52)

(58)

PHOTOVOLTAIC CELL

Applicant: 3GSOLAR PHOTOVOLTAICS LTD.,
Jerusalem, IL. (US)

Inventors: Jonathan R. Goldstein, Jerusalem (IL);
Barry Breen, Jerusalem (IL); Ilya
Yakupov, Rehovot (IL); Eli Rosh
Hodesh, Rishon Lezion (IL); Ron Paz,
Rehovot (IL)

Assignee: 3GSOLAR PHOTOVOLTAICS LTD.,

Jerusalem (IL)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 14/562,728
Filed: Dec. 7, 2014
Prior Publication Data

US 2015/0243446 Al Aug. 27, 2015

Related U.S. Application Data
Continuation of application No. 12/618,741, filed on

Nov. 15, 2009, now abandoned, which is a
(Continued)

Int. CI.

HO01G 920 (2006.01)

HOIL 51/44 (2006.01)

U.S. CL

CPC ......... HOIG 9/2068 (2013.01); HOIG 9/2022
(2013.01); HO1G 9/2077 (2013.01);
(Continued)

Field of Classification Search

CPC .. HO1G 9/2013; HO1G 9/2018; HO1G 9/2022;
HO1G 9/2027; HO1G 9/2031; HO1G
9/2059; HO1G 9/2068; HO1G 9/2077

See application file for complete search history.

A30
fyﬁa.w’AW\

425 432
Yoo\

(56) References Cited
U.S. PATENT DOCUMENTS
2003/0230337 Al* 12/2003 Gaudiana ............. HO1G 9/2031
136/256
2004/0163700 Al* 82004 Mizuta ................. HO1G 9/2013
136/263

(Continued)

FOREIGN PATENT DOCUMENTS

JP 2006107892 A * 4/2006

Primary Examiner — Bethany L Martin
(74) Attorney, Agent, or Firm — Marc Van Dyke

(57) ABSTRACT

A photovoltaic cell including: (a) a housing adapted to
enclose the photovoltaic cell, and including an at least
partially transparent cell wall; (b) an electrolyte, disposed
within the cell wall, and containing a corrosive redox
species; (c) an at least partially transparent conductive
coating disposed on an interior surface of the cell wall,
within the photovoltaic cell; (d) an anode disposed on the
conductive coating, the anode including a porous film
adapted to make intimate contact with the redox species, and
a dye, absorbed on a surface of the porous film, the dye and
the film adapted to convert photons to electrons; (e) a
cathode, disposed within an interior surface of the housing
and disposed substantially opposite the anode, including a
conductive carbon layer, and a catalytic component, asso-
ciated with the carbon layer and adapted to catalyze a redox
reaction, the carbon layer adapted to transfer electrons from
the catalytic component to a current collection component of
the cathode, and (f) at least one metal strip or wire, electri-
cally associated with the anode and with the conductive
coating, the strip or wire having sufficient thickness to form
a protrusion protruding above a plane of the porous film by
at least 50 micrometers, wherein a distance between a
surface of the catalytic component and a surface of the
porous film is less than 20 micrometers.

20 Claims, 20 Drawing Sheets

440




United States Patent

US009574092B2

(12) (10) Patent No.: US 9,574,092 B2
Magdassi et al. 45) Date of Patent: Feb. 21, 2017
(54) SOLAR-RADIATION-ABSORBING 4,278,829 A 7/1981 Powell
FORMULATIONS AND RELATED 3,228,335 i 1% }ggé g/{lsen |
s A oore et al.
APPARATUS AND METHODS 4,849,298 A 7/1989 Raevsky
. . . 5,154,769 A 10/1992 Kuske et al.
(75) InVeIltOI'S. Shlo.lno MagdaSSIS Jerusalem (IL)S 5,196’228 A 3k 3/1993 Klrby """""""""" C09D 183/04
Daniel Mandler, Jerusalem (IL); 427/226
Mubeen Baidossi, Kefar Qara (IL); 5250,112 A 10/1993 Wussow et al.
Rachel Assa, Moshav Ginaton (IL); 5,409,777 A 4/1995 Kennedy et al.
Ophir Chernin, Beit Shemesh (IL); 5,814,434 A 9/1998 Nakamura et al.
Yaniv Binyamin, Tzur Hadassah (IL) 6,632,529 Bl 10/2003 Clough
2002/0047058 Al 4/2002 Verhoff et al.
: . : ; 2003/0035917 Al 2/2003 Hyman
(73) Assignee: JBrlghtl:SourIcIje Industries (Israel), Ltd., 2004/0011252 Al 12004 Sturgill et al.
erusalem (IL) 2005/0107870 Al 5/2005 Wang et al.
2006/0011490 A1* 1/2006 Nguyen .............. C25C 3/08
(*) Notice: Subject to any disclaimer, the term of this styen 205/372
patent is extended or adjusted under 35 2006/0052233 Al 3/2006 Beeckman et al.
U.S.C. 154(b) by 786 days. 2006/0249705 Al 11/2006 Wang et al.
2007/0027241 Al 2/2007 Akamatsu
21) Appl. No.: 14/112,052 2007/0149673 Al 6/2007 Sturgill et al.
(21)  App )
2008/0038561 Al 2/2008 Yoshizawa et al.
(22) PCT Filed: Apr. 17, 2012 2009/0162651 Al 6/2009 Rios et al.
? 2010/0139749 Al 6/2010 Mapel
. 2010/0139818 Al 6/2010 Ishii et al.
(86)  PCT No.: PCT/US2012/033878 2010/0167033 Al 7/2010 Poppe et al.
§ 371 (c)(1), 2010/0218822 Al 9/2010 Yamasaki et al.
(), (4) Date:  Jan. 24, 2014 2010/0239871 Al 9/2010 Scheffer et al.
2011/0017097 Al 172011 Ruckebusch et al.
(87) PCT Pub. No.: W02012/145283
PCT Pub. Date: Oct. 26, 2012 OTHER PUBLICATIONS
. s International Search Report and Written Opinion for International
(65) Prior Publication Data Application No. PCT/US 12/33878.
US 2014/0141236 Al May 22, 2014 Office Action issued Apr. 28, 2015, in Chinese Application No.
201280001921.9.
Related U.S. Application Data
(60) Provisional application No. 61/476,301, filed on Apr. * cited by examiner
17, 2011.
(51) Int. CL Primary Examiner — Charles Boyer
C09D 5/32 (2006.01) (74) Attorney, Agent, or Firm — Potomac Law Group,
C09D 183/16 (2006.01) PLLC; Mark Catan
F24J 2/48 (2006.01)
Co9D 7/12 (2006.01)
BOSD 3/00 (2006.01) (57) ABSTRACT
F247 2/07 (2006.01) . . . . L
(52) US.Cl Paint formulations having a high absorptivity with respect to
CPC . C09D 5/32 (2013.01); BOSD 3/002 solar radiation are disclosed herein. The disclosed paint
(2013.01); CO9D 7/1216 (20’13.01). F24J formulations are also thermally and mechanically durable,
2/485 (2013.01); F24J 2/07 (2013.01); YO2F thereby enabling the paint formulations to be used on
. . components in solar thermal applications where exposure to
10740 (2013.01); YI0T 428/26 (2015.01); Y10T p pp p
428/31612 (2015.04) high temperatures and environmental conditions may be an
58) Field of Classification Search issue. The paint formulation can include an oxide-based
(58) p
CPC ..o CO09D 5/32; F24] 2/485; BO5D 3/002  pigment, an organic binder, one or more additives, an
See application file for complete search history. inorganic filler, and/or an organic solvent. The pigment can
have a relatively high absorptivity with respect to light
(56) References Cited having a wavelength in the range from 250 nm to 3000 nm.
Curing of the paint formulation can irreversibly convert the
U.S. PATENT DOCUMENTS organic binder into an inorganic binder.
3,755,223 A * 8/1973 Engel ....cccoccuennns CO8L 63/00
244/1 R
4,224,355 A 9/1980 Lampkin et al. 18 Claims, 3 Drawing Sheets



a2 United States Patent

Kroizer

US009541071B2

US 9,541,071 B2
*Jan. 10, 2017

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

")

@
(22)

(65)

(60)

(1)

(52)

(58)

CONCENTRATED SOLAR POWER PLANT
WITH INDEPENDENT SUPERHEATER

Applicant: BRIGHTSOURCE INDUSTRIES
(ISRAEL) LTD., Jerusalem (IL)

Inventor: Israel Kroizer, Jerusalem (IL)

Assignee: Brightsource Industries (Israel) Ltd.,
Jerusalem (IL)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 233 days.

This patent is subject to a terminal dis-
claimer.

Appl. No.: 14/092,130
Filed: Nov. 27, 2013

Prior Publication Data

US 2014/0152024 Al Jun. §, 2014

Related U.S. Application Data

Provisional application No. 61/733,019, filed on Dec.
4, 2012.

Int. CL
Fo03G 6/06 (2006.01)
U.S. CL
CPC .o F03G 6/065 (2013.01); F03G 6/06
(2013.01); YO2F 10/46 (2013.01); YO2F 20/14
(2013.01)
Field of Classification Search
CPC ........... FO3G 6/065; FO3G 6/06; YO2E 20/14;
YO2E 10/46
(Continued)
3" Operating 2" Operating
Period Period
Lowest

level? NO

(56) References Cited
U.S. PATENT DOCUMENTS
2,933,885 A 4/1960 Vago et al.
3,977,197 A 8/1976 Brantley et al.
(Continued)
FOREIGN PATENT DOCUMENTS
DE 2510168 Al 9/1976
DE 10329623 B3 1/2005
(Continued)

OTHER PUBLICATIONS

Abengoa Solar, Inc., “Advanced Thermal Storage for Central
Receivers with Supercritical Coolants,” Grant DE-FG36-
08G018149, Jun. 2010.

(Continued)

Primary Examiner — Hoang Nguyen
(74) Attorney, Agent, or Firm — Potomac Law Group,
PLLC; Mark Catan

(57) ABSTRACT
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can be characterized by at least one of an insolation level, a
time of day, or a stage in the operation process. The
generated steam can be used in the production of electricity.
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(57) ABSTRACT

A photovoltaic cell including: (a) a housing including an at
least partially transparent cell wall having an interior sur-
face; (b) an electrolyte, disposed within the cell wall, and
containing an iodide based species; (c) a transparent elec-
trically conductive coating disposed on the interior surface;
(d) an anode disposed on the conductive coating, the anode
including: (i) a porous film containing titania, the porous
film adapted to make intimate contact with the iodide based
species, and (ii) a dye, absorbed on a surface of the porous
film, the dye and the porous film adapted to convert photons
to electrons; (e) a cathode disposed on an interior surface of
the housing, and disposed substantially opposite the anode;
(®) electrically-conductive metallic wires, disposed at least
partially within the cell, the wires electrically contacting the
anode and the electrically conductive coating, and (g) a
second electrically conductive coating including an inor-
ganic binder and an inorganic electrically conductive filler,
the second coating bridging between and electrically com-
municating between each of the wires and the transparent
coating, the wires adapted to boost collection of a current
generated by the cell.
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A photovoltaic cell including: (a) a housing including an at
least partially transparent cell wall having an interior surface;
(b) an electrolyte, disposed within the cell wall, and contain-
ing an iodide based species; (c) a transparent electrically
conductive coating disposed on the interior surface; (d) an
anode disposed on the conductive coating, the anode includ-
ing: (i) a porous film containing titania, the porous film
adapted to make intimate contact with the iodide based spe-
cies, and (ii) a dye, absorbed on a surface of the porous film,
the dye and the porous film adapted to convert photons to
electrons; (e) a cathode disposed on an interior surface of the
housing, and disposed substantially opposite the anode; (f)
electrically-conductive metallic wires, disposed at least par-
tially within the cell, the wires electrically contacting the
anode and the electrically conductive coating, and (g) a sec-
ond electrically conductive coating including an inorganic
binder and an inorganic electrically conductive filler, the sec-
ond coating bridging between and electrically communicat-
ing between each of the wires and the transparent coating, the
wires adapted to boost collection of a current generated by the
cell.
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