wo 2014/052902 A 1[I AP0 0 O R 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/052902 A1

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

74

31

3 April 2014 (03.04.2014) WIPO I PCT
International Patent Classification:
HOIL 31/042 (2014.01) HOIL 31/052 (2014.01)
International Application Number:
PCT/US2013/062424
International Filing Date:
27 September 2013 (27.09.2013) (84)
Filing Language: English
Publication Language: English
Priority Data:
61/708,001 30 September 2012 (30.09.2012) Us

Inventor; and
Applicant : TABER, William, Stevens, Jr. [US/US]; 860
Butterfield Lane, San Anselmo, CA 94960 (US).

Agent:. MANN, Jeffry, S.; Morgan, Lewis & Bockius
LLP, One Market, Spear Street Tower, San Francisco, CA
94105 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,

KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: RADIATION COLLECTION UTILIZING TOTAL INTERNAL REFLECTION AND OTHER TECHNIQUES FOR
THE PURPOSE OF DISPATCHBLE ELECTRICITY GENERATION AND OTHER USES

2

FIG. 5

(57) Abstract: A device for collection, concentrating and storing solar energy comprises an optical concentrator in operative connec-
tion with & transmission means which is also operatively connected to an energy recovery device, Concentrated solar energy is
transmitted from the optical concentrator to the energy recovery device where it is stored until it Is deployed as an energy source for
generating electricity.

Exniotled Yiew




WO 2014/052902 PCT/US2013/062424

RADIATION COLLECTHON UTHLIZING TUOTAL INTERNAL REFLECTION AND
GTHER TECHNIQUES FOR THE PURPONE OF RISPATCHABLE BELECTRITY
GENERATION AND OTHER USES

STATEME

CE AR TO RIGHTS TO INVENTIONS MADE UNDER FEBERALLY
SPONSORED RESEARCH OR DEVELOPMENT

JOBRTT N/A.
FIELD OF THE INVENTION

5{}{}{}“"3 The prosent invention relates gctrmmif.}; ty sodar power generation systems. In

geveration avatem with high operatin

Rrie

BACKGROUND QF THE INVENTION

IG033] There v s continuing demand for slown renswalbile anergy surses, saeh as solar

power. Ansxsmplary solution to this devurd resides in the artof solay powar towers, The

glohal clectricly goneration portivlio (that 3s, the s of types of generation thet make up the
overall electrioily goneration systens) has lncremsingly bncorporvated electoicity geosrgind from

solar snergy, Thiy has had nemerous bonefiis for the sleotvle power industry, the

enviromunent, electricily sorsumuars, and soeiy as & whaole,

10084] Sular-gensrated electriaity trploally suffers from cortain defocts, The fest typioad
drfect of solar-ganerated vlevtrioity s that 1t is only generated whey the sun o stuning ou the

generating squipment, This bas defeterious effecis on the electrio geid, whes compared

respeotively to “huse foad” goneration resources and “dispatchable” generation resourees,

Typieatly, solar-genersied electricly provides ne electricity when the sur is below the

harizon and noor less electricity when the sun obscurad by cloands, Thus, typical solar

ganerited slectriony i inferior to “hase load” goverating resources, such as coaly

geothermal, which reliably provide elpetrd

iy sronnd the oloek, and? dxs;‘vmim%\iv FESRITCRS,

such as v ¢ and gas-Hired, shich provide vasying capaciiien v reaponse to

v

factuating load,

{608] This defect is becoming Tnoreasingly problematic as the ;:,\mmi;‘.&éii;m of saim‘»gtxi‘;m‘a‘gm

cleciriclly into the gridys of certaln regions rereases, For example, Caltlo
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s B3

achigve 33% ponetration of renewable sreegy To e geid by 2020, crsating prid munagement
probloms which will vesalt fory the large amcunt of sulav-gonerated electrivity in the sale’s
goneration portfolio i 2020,

JRB06] Frior devicss inlended to addvess this defect ave solar power towers (FIGL 81, Solar

poaver towers genarats eloctrie powsr S sunlight by foousing conventrated solar radiation

H 2l

o 8 Wwer-nwanred receiver. Solar slectvie gonsrating plant combined with therma! stursge,
whareby taunerons wirrors ave placed in o ekl sach squipped el tworaxis acking
devieey whish snable ail the mirrors 1o concontrate solar radiation oo & hoat exchangey

fogntad 1o g lowey high above the fleld of minors, By acldoving high levels of concentration

of the vacagion, high tonmperatres can be achieved in the beat exchavgs

shoratio of 8 stored o v

on stoved, tvpic

- sxange its} producing

generating phat to perforn sy a peaking resoures,

o

{RO07] As shown in FEGL 6, the alignment system ncludes ¢ solar power towsy 118 with o
foval aves 113 and an offfocal arcs Ioation 120 thet s sobstantiadle olose o the focal wren
12 of the sudar power twor THE, a phavality of hellostats 130 with & reflective mive 132

samtem 13 that moves and aligoes the seflostive mivror 1o ref

y 113 of the solar povwer tower 11

§€3{§ 881 The powey trwer desige suffers from defvon of technical complesity and high cost

W

X >

oh cost avise from the Rillowing, smong other factors, For

exsmphe, sach vairvor nast be precisely parabolie, i ovder to alny the reflociod sunlight at a

soall hoat exchanger s slgaificant distance away. Bocause of the substantial distance

1.

babweor the mivrors and the heat ¢ -, sonadl errors i the parabolic shaps of the mimg

will resuit the reflocted sunlight not %.}ra:‘»in;o covoertratid on the heat exchanger, This reguives

posy 3

relativaly snacting and expensive fabrication technigues sned quality control, Bach mibrror
roust be highly reftective. This requires the wee o exponsive matorialy, such as silver, coating

3.

the refleetive surlice, Eaoh mvdreor minst be kopt very olean and freg of dust. This requees

<

freguent maintensnce. The wirrors must be highly securte i reflocting the selar radistion,

(the hest exchangery ¢ 4 lavge diskance away, Because of the

hitting & amall ta

¢ evrors will

g

subsiantial Gistance bepwesn the mirrors and the he small s

nearby scliv

3

o

rosult th @

:refloctad sunlipght wmissiog the heat exchanger and sven harmbyg

iy
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ey

o]

This fow-tolerance alming rewpiires Rglepracision, snd conseguently hgh cost, tracking

X

eguipment. I also reguires simost constant sdhstment of the mirror’s orientetion, making #

fively necossary thay each moieror bave twir dodioated miotors, cus ach for azimuth and

altitade. The beat exchangor must by mowrsed high ona fower

of mfreory fo “see™ the host sxchangsr. This requires the eapital cost of the tower sl the

o fes bring the storage medinn to the bsation of the geverating equipment, Rg

PipH

o pisnanse

feaunes nuisienancs personne! © mount the tower iy order &y po
H pe

withm for atning, sinee the e

Ly

aotivitias, Facoh mirror sinsgt have s owi s

conneting sach mireo to the heat exchanger Is onigue. Moreover, beosuse the aiming of the

axrrors ust bovery precize, the wounting of the nurrors must be highly resistant & wind

Boad, which will affec] the shaps and simof the wirrors. This means that sach mirvor must be
strautieally robust snough o resist deflection under foad, Increusing By weight and voat, and
the mounting of vach mirror must sorure the miteor precisely in position, noreasing the

"

wolght and cost of the mounting equipmnont,

o

photoveitade generation, the most somunn form of solar-generated ©

& yior device that addvosses this defect yees the priveiple of total luternal rellection { §."§F’-} i

e - -

capture sole radiativn which Iv incident o the surfsce of g tranaparent weedinm such as an

aorvlis panet and redivect B theough the frveparast medbay towand one edge o g radial
soncemration reglon of the medium, whore g stoall photovoilaie eloment receives the
concerirated radinting. Typivally, radistion pusses approvimately perpradicularty through

the swiace of » traveparent pane! and sneounters & zerles of plasse boundartes of the medium

at angles of meidense within the nurserieal aperture of the tuterial, it is, st angles less than

ihat at which TIR oceurs. This resulis in the diveeting of 100% of the radiation nto s Ywave
o through which 3t can pess 1o snadge or to the center of the mediam. A photevoellaie

~

slement is typioally pusitioned at that downstreant edge of conter of the medium, The cost of

the travisparent mediom {8 typloaily fower than the cost of the photovoliate eloment, so the

Lof vaptured mdiato & medussd,

U THIN vweer towver systems tvpivally include 3 "oold” stevage tank, & solar reosbver,

hetlostats, 3 "hot” stovage laak, and an onergy conversion sysiem, such as & steant generalo

o tarbing/ geverator set. {n operafion, a heat storage fluid Is prrmped frove the cold stovage
tank o the t:c»iar veeetver, The heat storage Hubd can be any medium that has the capability to
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transfor heat and thermadly madnialn the hoat in the roediung, soch as watey, Hauid voutal, or

fmoHen salt

{0011 Beosuse the seiar towsr power genergtion plants rely o heavil

onfrating

of sular erergy, the efficioncy of o solsr tower posver generation plint is heavily affosted if
the keliostate are msocurste at tracking the sun and conseguently are ndsaligned avay from
the foeal arsa of the selar power tower, Mellostate typically track the sun inan opes-loop
marmer, whers the Raown positions of the sun are mogramoed huto sach heliostat and the

sdrvor i moved secording 1o the known postiions, Howa

gesies that may

fat in the known positions of the sun sudfor the movemeniy of the heBlostat mochamsm, the

.

actnal ovientation of the veflsotive wmir of the heliostas

¥

and the reflosted sunbight may w be sligned corrently Wwards the fooal srea of the solar

oy

powsr ower, which decrsases efffcliney, Acsording to a report publis

by Bswdia

National Leboratories, a raduction in su

ors from just o to one millinadian way

(0131 Closad lonp systems that waek the sctual reflection divection of the hellostat and then

igrnent have beon propossd, but are vary o

ges

v i implennt, Examples of
sed i UL Pat Mo, 7207327 and ULS, Patent ﬁ\}f&}:ﬁi{:?ii‘.iﬂﬂ Wumber

FO0DM249TRT that utilize image recogniting elmiques losatad at each helio Aveording

to the report published by Sandiy National Laboratories, the vost of'bali

oty sonstitutes
about 86% of & solar towet power ganeration plant, The costof implersenting « sefluction

o

direction detestion systars for cach individusd heltostat will norease the oversll cost of the

s in the

sofay tower poser generstion plant at feast proportionally e the number of hedlost

1

hehostat Sekd, and with sueh Bigh nurubers of heliogats In each heliostar feld,

e may

substantially incroase the cost of the solar tower power generstion plant. € s lar fower

1,

Jentficant barrier to wider implomentation of solar owey

fo)

5

genwer generation dants s also s

powsr gensration plants

{00131 Thus, thers is o need in the solir power fekl to croate an Improved means of
catfesting, conventrating, storing and deployving solar cusrgy fres from the shorlenmings of

solar power towers incorporating heliostt sud Bulds of such bellostats, Surprisingly, the

present invention provides improved devices, systems and methods,
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SUMMARY OF THE INVE!

TN

{G034] In vartous envbadiments, the Tnvention provides an optical concentrator thit vollesls

r,,

aud conventrates soler engrgy. The optical comsentrstor i operatively Hoked o a

&3
L
fransmission memn configured to ransmit radiation from the concenirstor W 8 storage device

t which the transmission device s alse operatividy linked.

[B018] In e exemplary embodirens, the eptical concentrator is g device configurad from s

T

sraterial capable of total nterpal reflction. The concentrdor inchudes » waveguids, which

concentraios the incident solar vadintion and divecly the ponoo avcadintiom v a

fraymissinn device, which o exemplary ombodiment i3 a Gbey optic osble, The

x

tranansssion means divects the concentiated energy fo a storage deviee, which i an

b3

exzmplary ombodiment I g vessel holding a beat stormge mgans, 2. a salt

ey

18816] In an oxsraplary embodiment, the optical soncentratie includes a Srst colection

region that collects incidunt soler radiastion and transmats the collectod puliation & g second

]
i

goliection regior where the tmnsmitied radiation lvconeentrated bafore helng

-t

rarandsaion mosne, Seg, FIGUEA and FIGL 8.

(88177 Thus, in aperative, the sptical soncentrator eollects fneident salar 1

Ry

2

soncentrates and dirdota o the transmibrsion means, THe (ransmission means wan

o
b2e3
=
o
.
[l

the conosdratad solar radistion o s YRIZE § devioe,

8] I various embodiments, the fovention provides @ sestem for collecting, voncsntrating

rud atoring solar onergy. Dtan exemplary embodiment, the system inclodes o phovality of

optios] conpentrators aked fel andfor i sories and operatively Hoked 0 an snorgy

recovery devies. I an sxsmplavy erobodinwnt, the mewbers of the plarality of solw

concoriraiors gre lnked viz sonnections betwsan thelr fransmisgion means,

LS I varien

aits, there v also provided o method for collecting, conventrating

and storing solar ene smbadimeny, the method includes: {8} vollecting

Hcident solar radistion i an optical concentrator configured o conventy

v a beosrm focumed for transmiasion through 8 DROSISsion Meany 0w energy ogovery

O THosTE {o the cneegy recavery

pe=

devios; and () ransmiting the beany through the anem

dovice, transferting energy stored in the beam to the energy revovery deviee, thereby stoving

the ensrgy.

R

Y PR RPN SR g v U E YIRS S PR
devioe are operatively Haked iE‘ss‘z;\t‘s&gE\ fhe gransiussion means,
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28] Other smbodiments, objests snd advartages of the current nvension are apparent

from the detatled deseription that follows,
BRIEF DESCRIPTHON OF THE DRAWINGS

{21 FIG. LA and FIG. 18 show respectively a plan view and an isomatric wew of an

optical eoncentrator of wse In the invention, ineh uétngt‘mar\ svd soondary colteciors and

fiber optic cable for encrgy ouwtput. Also Hhustrated iy the ortentation of the axes of the

comeontrator and the location where seetion & s cul. The drawing

of th st wave guide as & panal with orthogonal ayes of redivection, The principle s‘ay;:w'iy

equally well to a panel with radial axes o rod

2
<

sepbrator of FRG. L

108227 FIG, 2 shows two versions of Section A through the optioal o

>

The sections show the detadl of the wave gulile design in the pelmwey Coflestor bt na delatl in

the sevondary collector, FHS. 24 shows the path of Hight radistion during vy

sobection. Radlaton RI (he meoming radiation fros

perpertoniay o axes X and Y, Radiation R1 i redire MESIES { z‘@f‘im:i‘i{fﬁi} through
sotion, exiting the
privoary collecior, and entering the seeondary collectery Is perpendicudar o axis X sod withis

the mumerival aperture with reapest to axis Y. ("Nomerieal aperture” with respest to it

t

1

¢ range of anglex within which lght th

optios dese dent on the fiber will be

ructure I the first

r»

tramamitied along it} FIG 2R shows sn oxemplary wavegiide 8

cosion vion 1 oeviiha plocality of aperatures 24

HHEZE] FIGL 34 and FIG, 38 show o plan view of the optical conventrator with the detatf of

X

v cotloctor bat no detail &

the wave guide desigr in the seconda aary eotlector. FHE,

3A shoows g plurailty of aperatures 24, ¢ an mesns X Inan mazz}z_ﬁ}iazs‘}f

embodiment, the ransmission & ablowing

o

aptic nable 4, FIG, 3B shows the path of Ught radiation during sovonsdary collention,
Radiation R {the radistion entering the secondary solleet) is perpendicudar to axis X and
i,

within the samerieal aperture with respest to axis ¥, Radiation B3 (the radiation after

socondary outloction, exiting the secondary collecter, and omering the fher oplic vable for

outmy o the panel) is not perpendioudar or pan s sl within the

N

cal aperfure with respect 1o axis X,
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{04] FIG. 4 shows multiple rows, cash of multiple optic

-
B
%3
=

mirmwe fwhich the fibor optic vuipot cables may b

flowe weithin the nurorical apertuve and fapering the caliies

828 FIGL S shows muuliiple optical

congentrators, iHustrating 8 manver v which multiple

fiber optic cabdey, sach gta.s‘:‘}-‘i;:: o radiation from nusltiple panels, may be divented at s sondl

area of the energry reeovery dovioe, &g, & heat exchamgey, The dudivery of the fiberoptis

A CoME

cables 1o 8 close proxiity of the heat exe stows a tghthy foused oomcenteation of

srciatioreon & sl surface arsy of the heat exchangey

18828] FBS, & shonws s oxeraplary sonventionad
DETAILED DESCRIPTION OF THE INVERTION

1. Infssiuction

FRO2 T Crvor th last Hve ex or wiy, the global eleetrivity geueration portfolio {that Iy, the

sy of types of generation that v

ceup the overall eleotvioity gonevation systamy has

o

incregaingly meorporated electricity govneatad front solaren This has had mamerony

w

benefits for the

i powsy industey, the sovironmaent, ok

wiriers, and ooty

§€}€}M8§ However, solar-generated olectrioity typioald fers fromn corlign defects, The first

<

{solar-goncrsted sleciricily v that # s i'srsi;g gensrated when the sun s shining

cquiprnent. This has deleterious offects on the slectvie grid, wh

Y S

base load™ generation resouwrveas and “dispatohabde™ generation

A R PUFIRRN g SO
comparad respectivaly 1o

X

resourees, Typleally, solar-gonerated eloctricity provides mo eleetrielty shon the sun s helow
thas horlzon and no o less electvioity when the sun obseuradd by clouds, Thus, typleal solae

generstad clectricity is inferior to Yhase Toad” geversiing resouress, such as cosl, nuclenr, and

such o hydvoslentrle and gas-tired, which provide varying Capacitios i response o

fluctuating load,

;smwg

wntional device which addresses this detbot is the “power tower™ design {see

FIG. 6) for s solar elecivie gevernting plant combived with theomal storage, wheraby

,

numerous mirrors are placed in s fisld, csch equipped with tvan-axis tracki

yabovs the Jeld of mdreors, By achiey
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high tomperatures can be achdeved in the heat - & medium suitebly for storing heat

fren bigh ratio of cosrgy stoved o volumi, such ss zs.aaii.s can be clrouhsted through

the heat

o

exchangse, then stored, typleally by molten form, and later psad {0 genorste

examnple by producing steam o driveoy stonm tebine, Typically, this onable

¢ LA ¥ W

genprating plant to perform s g hastoad resourcs, It also enables the x

o performm as & peaking rescuree,
{30 The power fower design suffers from dalects of techriond complexity and igh cost,
The techioal conpploxity and high cost agise from the fellowdng, armong other Botors:

1y Fach mivroy must by precisely parsbolio, in order to abm the reflectod sunlight

at a sioall heat exchanger 1 sipnificant distance sway. Becsose of the substantial

distivios bobweon the murrarsand the heat o

shape of the roirror will result the retle

sorchanger. This roquires rolatively exacting and expeuaive

&
f
5
g
P e
=
e

\»; SRR E

ke

4} Fach mivear mast be hghby scourste In reflecting the solag vadiation, hitting a

senall target (the heat exchanger? st a large distsnce asvay. Booause of the substantial

distarce batwoen the ooy and the heat exchanger, small siming ervovs will result

axchangs and oven harming nwarby sctivities.

ston, and consequently Righ cosy,
tracking sl'fc;ili;)!l.ﬁ:«“}?ﬂ H also requives almowt constant adjustmerd of the miven’s

ssary that each yeievor Bave be dedioated

53 The heat »xdm@\ st be roounted high o g fower, i order enable o large

i

fiold of mtrrors to “see” the heat exchanger, This regaives the cypital cost of the

sower and the piping o bring the storage medium to the lesation of the gonerating

foe,

sonnel (o moend the fower in arder 1o

eqipment. 1t also reguires mainienance po

porform malntenanos activities,

essd
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) Rach mirvor must have s owa gigorithen for abming, sinoe the seflontive smgle

sonnecting each miror o the bost exchanger By unigue,

7 Becauss the alming of the wirrors st be very praeise, the wounting of the

oo

vghly reaiatant Lo wind foad, which will aftoot thy shape sl g of

1
§

mrrors orast e
the mivrors, This mwans that sach miveor must be structurally robust snough to resist
defleation under load, Tnoreaxing s weight and cost, and the mounting of each mireoy
mast sevuve the mivror precisely In position, incressing the weight and cost of the

st NE g i ot gud,

HHIZTT A seoond typical defeot of solar generating fechnologiss s vapital cost. hu partiondar,
photovoliate generation, the most eommmon Torm of solar-generated elevtricity B expensive.
TLS, Pat New, 8,412,010 B2, Ghosh, af af, purposty o adddrses this defect asing the prineiple
of total infernad reflection (TIRY 6 capture solar radiation which s ineldent to the surfice of a

transparent mediun suoh as an aceyBe pane! sad rediveet B theough the trassparant medivm

toward one esdge or ¥ vadial concmteation region of the medium, whore & small phots

sied radistion.

clemont receives the con Pvpricatly, eadistion passss approsimsisty

i
i

perpendionlarly through the surfos of a transparent paned aod encounters a serios of planay

E*}::}m"ixﬁm‘im of the wedian ot angles of incidencs within the numerival aperturs of the

s

han that et which TIR coowrs. This resuls in the divecting of

owteriad, thit is, st angles loes
Y <. 1.

F00%6 of the radintion fnto a Mwave guide™, through wideh Wean pass foan sdge or tothe

center of the mediom, & photovoliaie element §s typloally positioned al that dowrstream

ar center of the medhum, The zost of the nmsparent mndivm 1§ typioally lower than the

gost of the photovohiale elemen, so the overall cost per KW of captured radiation is reduced,

HHI32E The current invention fs superior to the wavy guide design in priov mt beesuse #

seoduces sleptrie power that is fullv dispaichable and 1a superior 1 the power tower design in
<& ¥ by o

that 1t i simpler o design and operate, loss expensive 1o mandachars, more tolevant of

3 $4
3 )

alable, Specifically, #

operating errors st covirommenial conditions, and more ves

v 3 o > o .

achieves the high concenration fatios of, or bigher concentration ratios than, the power fowe

.

design and hudedes ranerous advmtiages ovi the powr o tower dealyr,

apparatuy; a systemy a composition of matter; & computer program product erbodicd on a
vompuier readable storage mediun andfor o processor, such as & processor vonfigured to

seute Instructions stored an andfor providesd by e memory oupled R the processor, In this

9
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spsoification, these foplementstio

X X

as, o any other form that the bregation may ke, may be

referved 1o gs tockudques. To genseal, the aeder of the steps of disulosed proce

e
,{4
?_":'
e
oz
.
G
o
i

alfsred within the scope of the nvension. Unless stated otherwise, s tomponent s
processor Of 3 rasmory dessribed as betoy configured to perform a task may be inplonentsd
ax @ genoral componunt thal v femporartty configured o porform the tak al a given tme or g

>, 3
g

component that is wenufectured 1o porfirm the sk, As used hereln, the term

S e one o moes deviees, olrouits, sudior processing 3 ponfignred to

ax sompulsr program sbractions,

{34 A detatieg

cription of one o sy cmbodiments of the invention is provided

below along with aceormpanying Hgures that ihatesie the prinviples of the fovantion, The

vention iy dexeribed in covmeetion with sush embodiments, bt the tnvention 1s net Bmited
to any embodivoent, The seope of the nvention is Hmited ondy by the clatms, and the

Brveniion Sneampas ous allernativas, modifications, aad oquivalents, Numeroas

W EEY

¥

apecifiv details are set forth o the Dollowing desoripticn In order o provide & thovough

undorstanding of the invention. Thess detadls me provided for the purposs of examy
the invention may be wactived sceording to the elaires without seane or slt of thass specihi
detsdle, For the purpose of elavity, sechoiealmaterial that I knowen 1 the technical fields

thad 1o detail so that the rverion 8 ng

A to the invention has not boe

unpecessarily obsoured.

The Embodiments

IOURS] In various ernbodiments, the presont invention uses the principle of totdd internad

reftectance (TIR) to capiure radiation which by ineldent to the surfaee ol s tansparent

¥

medium snd resdivect ¥ through the waree goide segion of the transpaeent modhng toward one

adye or radkinl concsnteation reglon of the medium, Unbike conventional d

Loyt oy 1
RRR AT A H

&%

s of theoming radiation, thern using the thrce-conesdratid

[

of achisy

sachation te drive ¥ storage-based gonerat] At the downstream adge o region of

ition-captu

of sonceniration, 4 3¢

{ linear sloment of seHatonecapbatog transpovent mednmy with

wave gulde s placed, achioving & second step of concentration. Inessence, the frst step

gonventrates the inoomming s Front an area b a line {Cither & sraight Hae o a curved

five vopreserding the concentrating region of g radial wave guidel, und the second step
5 8 & i
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conpenteatos the radiation from & lne (0 8 podot (oe moese preeisely, to soswall reglon where

il the radiation s within the numeriead sperture on a single dimension), fn an exeoplary

ambodiment, in which aratio of about 311 concgutestion iy each of the steps (an area of the

panal tra Hne, 3 Hoe 1 3 polnd), 2 conventration eatio of about 25:1 will te achipved in sach
optical concanteator,

o

JOB36] In av exemplay eathodimens, the invention provides g device fiw coliedting and

cotar energys thy device comprising: (5) an optical concentrator contigurad 10 regeive

1 soler eadinlion and conduct the ngident solar radigtion 10 a yoeany for tanspussion of

the roceived soler mdiation to an cnorgy tecovery devive, vhereln the optical Comeenteator

5

and the energy recovery devive sre aperatively connevted through the transmission means.

037 The present tnvention uses the principle of total internal veflestion {TIR) to saplure

s\

racintion ehich Iy neident o the surface of s transparent madiven and redireet 3t

watve gulid e

fonr of the transparomt medium toward e e

&

of the mediom, a in prie

art. However, rather thay asing o

of radiation direoted at z photovohaie element s i prior aet, the present tovention uses threg

crneenivation st 310 orente a low-con spdexity, foveecapital-nost method of ach §cxing high

o)
i
43
]
e
P
o2
o
')
=y
fw
PN
gooi
&
1%
Las
et
o)
e
w
)
pn
=
-
27
P

enirationy of onning racdiation, thon using the thriee

&3

storage-hased generstiing station. At the il i or pegion of the radiation-

capturing transparent medium to which the vadiation iy divected ju the fest stop of

¥

covweniration, s second Bnesr eloment of radiniion-ga

ansparent medium with wavy

puide bs placed, achisving o seeomd stop of concentration.

goncenirates the Jncondug eadlation from anan

line ropresenting the conpentrating region of a radialbwarve guids), and the seeond step

o

concentrates the radiation from a Hne to a poing {0f voore pracively, 10 2 small veglon where

the radintion ix within the menerial speriure on g single dimension),

{BO3R] The curvent bivestion is superior to the wave guide dealge In prior svt becanse #

produces sleatric power that s fully dispatchable and i supsrior to the power tower design in

T

mpfer to desien and cperaty, less expensive to mamaachie, more tolerant of

e
w .

hat i g

aparating errovs and envivonmental conditions, and moere readily svalable. Rpesitivaliy, #t

achioves the Kel oonnventration ratios of, or higher conconiration ratios than, the power fower

S

design and inchudes the following fnther advaniages over the powsr tower design:
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3 The pavely noad to track the sunwith a g

ithim for alf paneds
i a plant, meking the waeking mechandsm loos complex and expeuaiva, As dacussed
shove, conventional povesr tower designs have different racking alporithms for every

STER eI

v for azimuth

23 S all panels bave the same orlerdation, o motors {ope
and altitude} can control  plarslity of panply, As disoussed above, comventional
povery Srwer dostgos reguive sl constant ,;n‘ju:s;a‘.zm:& of the mirra™s oviontafion,
aaking it effoctively nocessury that sach viiveor have two dedicated motors, one cash

Forazimuth and altitude.

P ST S TR 3 W ey b
R fn contrast o power o deyvic Goes net need 1o taek

the sun very acarsioly; the

sngle of incidence i only approxima

»

¥ perpendicudar, Thersfore, the tracking

mechanian can be relatively lowsiach and Inexponsive,

4

wer tower destgns, the

panels can effectively ght with much less freguent simi

bebween pancly fur purposes of

&

adiustments, ensbling s

orieniaiiog.

S This tolerance of improcise tracking angles ma & porformanes of the
;TS'EBM’ vobuat oven 1 the panels gre somewhat defurmed by wind lads; thie onables the
sapport mechanisms 1o be less robust structursiy, Hglior and raade of lesy

and foss pracisely falwicy!

&} The effevtiveness of the pansds will degrade less quickly than mirrors s

vesult of acoumulaied divt and swface pitting.

7} The materialy from sehich the panels and fibor optic cables ave made are
inexpensive {aovylic and glass), av opposed to the use of bighly reflective materials

apteh ag sibvor in the power ower desten’s moroes,

e

&y The wanulectoring tolwances 1, 10 sourirast

tor the pregisely parabolic shaps of the power fower™s mitrors,
4 Because there iv o need to budld o tower o recetve refleciod mdintion o a
field of mivrors, the heat exchanger ean be focutad at ground lovel, where support,

foundation, weather profestion, snd sdnienance are caster and loss sxpengive.

i
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3{}} The field ran be sondod wp easity, swithout the lmitation of having to connent

concentration ratios and large generating copacities I 8 single dant,

o

0839 The nvontion is further deseribed by reforence o the figures attached herete. FIG,

P}

FA e FIG. IR show, rospoctively, & plan viow and an isometrie view of an exemplary solar

coticenteator of the verion, Rolar radiation snders the device theough

region L In an exemplavy ervbodiment, radiationt passes approximately perperslicularly

& & o T, 4 oY RPN POy ey ,.,,.,,’3- e 2§ T & b
gh the snrfice of 8 ransparent panel and enconntors & seriox of plavat bowndhartes of the

> )

mediom ot angles of ngidenee within the weerieal apertuce of the wnterial, that t, st ey

lows than that st whichk TIR oocurs. This rosulia in the divecting of 1009 of the radiation o

a1 fo the center of the madiem,

a Swavs guide”,

{8 I an exengplary smbodiment, the hneident radiation s shifted approximately 38

s}

ihin the devise and & is trmvasvdded to secondiry collection region 2, whare it b

o By the sepond sobsction

shifed approximately snethor 8 degrens, The comeentrated rad

vegion i fansmitied to @ transmission means 3, angd henwe 10 g

shown)., The lotter A designates the Tocation whave the seetion is aat o FIGUL

{1 An exengdary optical concentrator of use in the fovention Is fabricated from a

>

{ransimissive paterial that goides wneideat g focal area colneiding with the interface

hetween the primary and secondury collection “’C’J% ons. In some ebodiments, the optical

v
3

comprises a wavegiide, b some embodiments, the opticad covaponents foom a

copsenirator
conosiraior optic,  {o some cmbodiments, the opticd components for an ATIR

sevegaied Total fnternad Ked In sonte evnbodiments, the optieal componsnds

comprise § emesniating laver thet concentrates ineldent g s wavegwds layer that

regates conocomtrated Heht and comveys it to s foond sres. I some sush caves, i example,

o

integrtod opticad foatures in the peivuwry colled sonsible for concentrating

Huht, and the secondary colloction reglon s responsible for redivecting, ag

comveying conzentratod Hght to o foval wea, 1o sowoe embodimenty, the se

Yo Foaprt piney s Frn e Ee i e sy 3 - SR S Iy
LS, patent applioation Ser, Nog, FHEELES

{00421 FEG. 24 shovws Section A through the solar conventrstor of FIG, 1A and FIGOIR,

w,‘

Incident solar vadiation RY enfera the first collection region 1 and i shifled approximately B
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e

sdegrees by intzraction with aperatures 3 in the body of the Hrst collaction vegion. The

shifted radiation is rywndtisd Lo second colleation region 3. FHG, 38 shows the plarality of

il
ot

aperatures 38 within the frst coliection region,

o

{0431 FIG, 34 1o play view of the solar voneentrator with the detatl of the aperatuses of

the seavepnids o the secomdary collostion region shown, FIG, 38 shovws the incident andar

Betng shifted by spproximatsly M degrees i the second colisction region 3 and
~ > Ry ) E=)

Sranunited o the wansmbsion moeans 3. The radiation in the secondary collection

to the numerics! aperiire with reapest 1o axis k. The radiation is transmitied

through the anso mesrs 3 o the energy recovery deviee {not showa) Inan

exsmplary embodinent, the wansmission menns includes 2 nperad section &,
[6044] In an exemplary evabodiment, the transmission means 3 s a fibar optic calde, The

. N

tapor i the fhey optie outpucrﬁ e is Umited 50 as o koep the radiation B3 within the

pabie, (K

wative taper, sl the downstream vable Iy larger

o

autpat of the upstreans cable is antively contained by the fnput of the downstre
inconssquentiall, The cross-sactional arva of the cable aftey tepering is Hmitad by the cpacily

of the cable, Light fravandtting

o

,.

cmry
;/
L
£
o

A
o
iy
=

naterials ae uot perfeotdy transpavent, Any slght o

the material will absorb Heht, comverting it toohost, The sross-sectional area of the light

ki

trarsniting msterials is proferably adequate o provent X

00481 In an oxemplary ensbodiment, the ratie of soncentralion i about 51 coneontrating in

i.e., an aven ot the pansl o o Hog, & Hne o 8 point). In various

% ~

ombadirnents, the satio of coneerdratice s about &

1 in coch of the steps. In this eombodiment,

the ratio of concentration ratio is aboat 23:1 in vach panel

HB46] Thus, in s exeroplary embodiment, the devics of the tnvention includes ap optical

Ry

conceptutor compeising u privnagy voliont

st a fost angls, shifling the receivad sol the paned 0 g second angle,

»

fransmitting the solar radiation

&

e o the seoond angle fo @ secondary collection region in

aperative compautoation with the primary cellestor panel, sdd secondary enilector

3

compenint, shifting the solar radiation st a second angle o u thivd angle.

FO847] In wn exemplary embustiment, the secondary colisotion reglon s in operative

communicaton with the oansnission weans

F
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B848] Iy various embagdiments, the materialy from which the concentrator and fther optic

cabloy e made are inexpensive (aorvie and plass),

o

as oppoacd 1o the use of highly rellsclive

¥

sratyrials snch assibver in the power towsr designt’s mirros,

ST Bnovarious smmbodiments, the panels of the device «

PR AR
i\ QIS AR

g resuit of accumniated divt and suyd

[RS8 In various em bs’:&i;’am@i‘:i&, ihe mamufacturing todersnes of the panels are mneh ey

exsoting, i contrast to the preoisely parsbolic shape of the power tower™s sirvis,

Y

{0051 In vavious enbodiments, becanse there is no need (o build 8 tower to reoaive reflected
front o Field of miveors, the heat exchangey oant be tocated atground lovel, whare

supnort, Thundation, weather profeciion, and malnienancs are gasior and foss expanaive,
§ s ; E :

OES2Y I varlous embodimenty, the feld can be sealed up enstly, wit

havivg t connect the mivror fehl with the heat exchanger optically, 5o s fessivle o have

Do

large sonsentration mylos and fvgs gontrating capacities tn 3 single plant.

HHES3] The conwontrated onorgy 18 transferred to the ersegy recovery device through s

fansmission weans. i an exemplary embodinment, the tranemission means Is a fibsr optic

devies, e.g., & fiber optic cabls,

svice of the invention i not utifized 1o convert xolar energy divectly o
vigity, vather the energy fe stored in the guergy recovery devies and the stored enevgy

senerate .,‘\s._ma\ Thus, in varfous embodiments, 8 member selocted frova the

he seoondary collection region, the travsmission means and @

w
af
<3
]
e
forsd
,-l
,/
=%,
=
b
i’i
o
I
=
23
ot
=
5

comtbinaton thersol is not ‘;fez}f“:gm'ad to ponrvert the solar radiation directly into slestrisity.

\

{O8S8] In vavious envbodiments, & member selected from the primary collection region, the

soeonshary collection region, the franamission moans wud 8 combination thersot i ot s

o 3

Unlike convantinmal poower towers, the weesent favention dogs not make wse of 8

privrenr to divect eusrgy o the engrgy recovery device. Thas, In varlouy swebodinients, a

mmher selovted from the prin

u
]

roeany sid g sombinstion the

7Y The suergy reeovery device eortalng & heat storage medium o which the concentated

solar radiation s transterred for o Many sovergsary hest storage mudia are kuown and

are of use in the present invention. I an gxsmplary swobodinent, the hest storage medhan is
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# saft, The beat storage mudium stores the soergy 85 o reomber selocted from sensible

ey, phase transition energy and @ combination thersof,

ggﬁixf}; an g;}g_@;;ng;:cia_{‘}! gmbodiment, (he SUOTEY FOLOVERY device s OporEh ‘»(‘g covmeciod o

Y

a devive for converting the energy 1o work, Inan exemplary sobodinunt, the ene

recuvary device i s’.}pas‘a}i‘i'\-’ﬁ‘i;y‘ conpected to g deviee for eovpvting the energy 1o alealrivity,

A -

stion of the device for

Ea
o)
£y
7
o
fos
s
i
,...

The invention s not mited by ¢ fare of prineiple o

v

guapveriing the energy to slecibiity,

{88397 The aveof high torpersiure molien salt and a thermally insulated stovage tank

nables the coltoction and storage systen of the mvvention b provid

cloctrivity (ad heat

kS +

ey} up 1o 24 honrs a dey and o operate stseiliciontly high trraperstures 3o that the hagt

erierey can be wsod I a rensonably offfelent manner to oparats au elecinelly geverating

device such s o steam uarbine.

A eremnplary high temperatore solar power system includes 2 molion salt boad

2

for medinm, a high fsmperature energy recavery devine, sl an onergy conversion

syatam, The molisn salt hest stovage mediwn iy capable of being heated © ’hig‘éx
temperatures, for example,  tlemperaturs of'at
tomperaturs energy terovery device, The energy conversion sysim uses thermal encrgy

from the molien salt heat storage mediuny (o generate power.

(8061 Suwing solur thermal teohnnlogy consists of ustng solar rahation 1o heat a heal

storage Sl acting as o heat soures By a thermodynamic eyele. Coneentration makes

nossitde to reach tomperatures of varying levels and thus benefit thian v
thermedynamic conversion efficioncy
E§¥iif\”“§ in an exemplary embodiment, the ensegy ropevery device utudes s p ilsm@i‘i}f of

Tuntaposesd tubes whersln the transter fluid oleonlates, a portion of the sarfse

colfecting the solar radiaton with joxtapoaed tabes, Thiy techedyus i particulacty saifable

whet

Tuid 18 & Bguid, such ax Houd wat In an sxomplaey

N

vesch tomperatures of approstivaiely 1600° B or and molisy

fornpeniines of aprresimately 1HHP R

fluid has boon beated inthe

{00631 Inan sxonplagy enbodiment, alier the

o

prargy recovery devics, the heat trenafor storage mudium floves into the hot thermal stovage

’v"‘

R

tank. The heal storage medhum s then stored in the hot thermal storage tank wail it is neoded

s

i
f¥ 5



WO 2014/052902 PCT/US2013/062424

for electricst sevation, The hot thevoal storage tank alfows for efoctrical ponwer

production that is pol concwrrmd with the gvatlability of sund

<

t, When glocirical envrgy i

nesded, the heated beat storags mediont by puaped o the kot thermad storage tank and

durmgh the onergy converston system. The heat varafer [hild sonsfors the heat

within the energy conversion systars, The eoergy conversion systam san be, for sxample, 8

“

Ranking ovele conversion system or g Brayion oyele conversion 3ys After the beat has

begn revaoved frong the hast storage medhun, the heat sovage medbam s fransporied back W

b

the cold storage taok for rense fn genesl, the higher the tomperature of the heat stovage

S

evn. Thus, heal sforage media and

systems capably of withstanding higher tomperatures ¢

[0064] In srexsroplavy omdualiment, the invertion provides & method af collevting and

solay energy, The method cav vtilive » device of the mvention, An sxemplary

P

jecollocting Tonident solir sadiation by s optizal congent conhiguesd
o concertraty the solay onorgy 0 & heam focused for ransnission uough & transmission
migans BHo ar energy rocnvery device; anad {B) transmitting the beam theongh the
transnission means to the energy recovery dovice, tansforring encrgy stored i the boam to
the engrpy recovery devive, thereby storing the energy, The optical eoncentrator and the

energy recovery device are operatively Hnbked through the transoission means.

iﬂi‘

b

0631 The method of the nvention does wot cotrvest solar suargy divectiy to shest

sathor the yorscovery deviee, and the stored energy is transforeed

1o s elctrioity ponerating device whers it is eonverted o gnergye. Thus, in anexemplary

smbodiment, neither step (8) noy es using 3 photovoltaio or 8 mirne,

1 provides a xesten for collecting and

Sti}.i'§§lg solar cuergy. The systont comprises ;tsias:ra’z%it}s of optical voncantvators, sach of

o o reeeive wident solar ra conduct the resetved solay

1 oach of the optical concantrators iy r::.«;ﬁ{?raih-‘ei; connected o the

v device through the transmizsion means,

{0067 For exavople, several panels based on the reention are canser 1o track B movement
of the surton bwa axes, s that inctdent soliee relation is concontrated S two dops and

2 N

oy % . Y . o P Ty nes e Diner e il Lo f L Direrers P e w3
divectad inlo fiber optie cabless Al such fibor optic cablos carey radintion from the cotlention

of panels i the plant to & single heat sxehanger and concprdrate the radistion on the heat

"
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exvhanger. Asawning & $01ratio v cach of the fiel b ateps and 10 panels foon plad, an

1 vs achioved,

overall concaniration ratio of 2.3

{6R] The system may be conflgurad v any useful arsangoment and the comprnents may be

mobated or Hoked I manner that enbances the efficlency of encrgy colleation and slovage,

064 Ioan exeplary embodiment, a plurality of panely collect and consentrate radiation,
with cgeh pangl directing the concentrated radiation frony the seomuld stop wave guide nto @
furthor wave gabde, such ay a fbee optic eable, The radiation thus collected int twe or more
wave grides iy divected snto a single poimt of uae, achisving s third step of concendration.

The thrice voncengeated sadiationy from the e embodiment Is diroctod al 2 head ey

i order 1o pensrate high tomperatures suitadbde for & heat sorsge mediwg such as me

e

{

wehich aftur heathng iy then stored for Jater use, as v the pove tower design of priorart. For

sxampie, al pravieds based on the frvention are caused & frack the movenent of the sun

oy fwo axes, so-that neident solar radistion (s consentratod in two steps and diy

fiber optic cables, Al such fiber optic cables sarey radisgtion from the collection of pancla in

the plant 1o & slngle engrgy rocovery deviee and conoenteate the radiation on the anergy

sreovory devioe,

T FIG, 4 shows g seation of an exemplary systen of the nvention, Iy

.,
o
i
e
-~
ool
22
e
]
124
=
Iy s
o
At
P
3

soslare concrdemers nchuls & privary coltection region 1, & secondary collaction

P

ard o teanotission means 3. The trarnsmussion maus Froma Hesl solar concendater sid &

second sodar concentraiy are operatively Hoked togther in s st Hakage 7. Inoan exemplary

gmbodinent, two ov more first

ey fr a second Hinkape ¥,

fey

and an syploded view ot an

671 FIG. Sshows g planview ol a g

axermpary energy revovery devive of use fu the faveetion. o this ewbodimant, energy
ravsnitied trough ansmission reans 3, 7 and § s dolivered to snergy vecovery devise &,

ADoxmmp

the recovery device. An sxemplary device of the nvention includes downstresw

teansmission means 15, which connex

concaniratons o the soorgy recovery device §, shoreby b
concentratod radiation to the heat storage medium. & exomplary snergy recovery deviee of

use i the nvention Includes @ heat resistant container 16, charged with boat storage mediom

17, The contatner is optionally surrcunded with inselation 18,
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74

T Bean exemplary srobodiment, each aptical sonceniratos provides about a S

7

conceritration ratio fo cach of the st teeo stepa, thisy, In an exemplary syster with 100

LY

3 i - ST URPG SRR ) S o ]
optical eoncenirators, sn oversl coneentration ratlo of 2,500:1 §s ackioved,

F073Y In vartous embodiments, the devier further ncludes o wans ol orlenting the position

af an wpper surfacs of the optical poveentrator,  In an exemplary ambodiment, the arienting

rieans is a:-zan_\f"ig;m:d i oviont the position of the upper aurface aittiadinally, aziouthelly and a
combination thereedl An exomplary cvionting vaay Is a motor.
{741 hoan exemplary embodiment, the panels track the suvowith a single tracking

;;}g{j,p}{hg}'i for uall HARG Wivsr “mi vl g e trackin & meg hardam koes Gi‘ﬁ?;i?ia‘;‘l,\i arut

gypuosive: This isa significant benefit of the prescat Joventivg, By compsison,

sonventional prawer tower destgns bave differant tracking algoritd

Vn Yot

SETRT B varks embodiments, ol panseds have the sarpe oviontation, tus, teb motors {ong
&

euph For azimuth and altitude} sre sofficiens o control a plursiity of panels, Axalise

S

ahorve, conventivia! power ower designs roqubrs glmost sonstant adiustoent of tha mivror’s

ovienistion, m:&&ing it eifrctively ne ach mirror have two dedivated motors, one

adtifuhe,

PEN

oach for axinuah and

» poveny fnwer dosigns, the

pevep)
it
,-4

{0876} I vartous embaodin

not need B track the sun with a Kigh degree of secusuiely; the TIR wave
function sifectively I the angle of incidence Is only ap

the tracking mwchanism can b rolatively low-tech

[B877] In varioos embodiments, the devics i tolerant of naccuracies in aimiing as diseussed
above, and I contrass {0 power tower designs, the panels can effoctively colleet and

TSN

reguent abiming adiustments, ceoabling & pair of motors to

i

sigrate betwseen panels Tor purposes of orlentation. This wlerance of mpreche tracking

S
5

angleg roakes the ;:&t:i‘fbi‘i‘s}ﬁﬂ@ﬁ: of the plant robust even i the panels ave somewhat deformed

by wind loads; this enables the support mechanisow t chuast steucturatly, Hghter and

mude of less expensiv sl loss precisely fabrieated s

{%3@“?{3} an sxemplary embodinent, the deviee, system and mothed of the nvention
atilized an snergy recovery device that contains o high temperatere molien ssll. The use of
figh temperature molten salt and hot thermal storage tank ongbles the systent of the wvention

to provide sleciricity {and heat enorgytup & 3 hours a day and w0 ¢

hih termperatures so that the heat onergy can be wed I a reas

19
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operste 8 gas turbing, simplifiey solar power sotversion systerns, and redy

e when compared to other ovelex, such 38 Rankine steam ﬁ.d“s

FOTY Byoan exemplary smbodiment, the heats

k. When needed, the heat storage medium i pomped 1o energy reuovery devics 4, which
& Pocit

iy heated by solar radiation reflected from a feld of mulitple optical consentrators. n varioug
erabodimenis, the spergy recovery dovise s capable of withatanding high temperatures, for

)

sxample, teroperatises of 1t least approximately 12007 ¥, preferably al feast apporimosiely

PR0G0F F, s profovably at least apprs OO ‘ srul most preforably at loast

a’:i‘{.:;‘_)‘g'i}’.fx‘h‘i‘sii"’.i};‘ IRGG° F. Suitable muterials for consteue

vy, vt cobalt based alfoys.

,w
y-\3
2
Z
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2
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.
=
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.
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=
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o
":
it
-/
var]
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&
2,
v
3
J
P
o
&,
&=

( /
f)f'
=

;

=
o
i
wa
-
\'J
"
v iy
=,

“~ 1

E::;x_zmz;_:?f:s of suttable convnarciathy availidde rickel based altoys include: Hastelloy X,

Hantallny N, Hastelloy €, and Incongd 718, available from Bpe

’/‘
=,
Y
bt
Z
el

Exarmples of sultable commercially svatlable fron baged alloys belader A-288 and FM
ayailable fom Motalbaerke Plansee, Austein, An exarople of & sultabde conunercially

availble cobalt based alloy Inelodes: Havies 23, svailable Huan Haynes Tntormational Ing,

{0881 After the heat storage medium has boen heated 1o s destred tumporsture, the heat

storape medivm je pumpesd to hot storsgs tank, whie #is stored untll nesded by enovgy

comvirsion system. The heated host stovage wedinn i pamped Lo menergy conversion

systent o genonte power, W an axcm.;ﬁary smbodiment, the sesten of the invention s used

i c-r;mfzma.:s‘:i{}rs with s aie Bravton ¢ conversion system,

he wee of g Brayton oyele gonversion arsion system simnnaiss the
need for g stesvo Rankine x\&%x gomversion system, reducing a significant sroount of playd

ipvaent, Ror exampde, s slean gonsrator vystem, stoam turbine, electric generator, wonling

fower, water puriiication squipment, stearn dram, gorator, watsy treatiment system, and make

up water are o longss nesesasry, Use of ar afe Brayton eyele conversion systeen with o solar

-~

- fower systor s desceibed in ULE, Pat. Mo, 6,937,536 (Litwin el el

e

HHIRTT After the heat storage medium bas passed theough energy conversion syatem, the

exivactid the esults in o drastie drop in the beat storage mediom temperature and

ks

/.,,
=
e
(¥
i
0
~
jend
o
po
P
}'-’f
¥4
o
.d
M
=
b
piocn
“

CThe beat sorage sedion i roeused in s ologsed gyele

¢ tank until nesded,
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gy

FORAY Lo arcexompdary embodiment, e boat storage medium s g modten sall capable o

to high terperatirss. The moken salt used 1o store heat from the optival

concenirior is capable of boing heated o bigh tomperatures, S exmnple, to 8 temperature

o

of at feast approximately 12009 F, preferably ot loast spaweximutely 1300° F more prefor

wpen

w

by
b feast approximately PT007 F, and most proferably ot lsast approxintetely 1800% F. The
molien solt can be salts composed of slkaline sarth Huorides and alkall motal Buorides, and
combinations therea!, Suitable sloments of the molten salt nclude: Lithtom (LY, Sadiwn

{Na}, Potas

5

(K, Rubadiam (b}, C

exturn {Us), Fravetur (Fr), Bervilium a?‘m}

X

D
3
e

Magnesium (Mg), Calehan {Ca%i}, Steestiaen (S50), Bartor {Bal, Radium (Ra), uorine

g

(¥}, Examplos of seitable (uoride mohen salls include, but ave not Himited to: FLINaK,

FLiBe, FLIMaBe, FLIK Be, and crnnbinations thereofl

~

SUR31 Suisble component conentrations in the onmposition of FLINaE range from shout
N B

P

10 rob %6 fo about 9 mot 96 LIF, about | ol 36 to about 3 mol % Wal and abouwt 10 ool

2

to about $ mol % KF. Partoubely suitable compornt coneentrations in the somposition

ol the present rvention raaz&ge fromm shout 44 mol % to sbout 48 mol %6 LIF, about 9 mol Yo to

b Those shilled o the at

about 40 ol % 1o about 44 mpl %

wment conventration rangss for oblatning oo

nparpble

o ~ 4@ @ iy
grites of the moiten salt,

10084] Buitable compone

mol 9% o about ¥ med % LI aad abowt 10 mol 96 G about B mol % RePy. Pasticularly

LS

suitable component concentrations in the composition of the present Inverdion range Hom

oL mnd about 32 mol 96 o about 56 mol 8% Bely, Thoss

dhaet44 mot 9% to about 48 nnl 8

clate other sultable component concentration ranges for ohisining

skitled i the at will apprs
comparidsie physival properties of the molien sall

»

fearm ahout

foncs

HHIBR] Suitable component concsrtrations In the composition of FLINaBe ra

10 mol % 10 about B8 mol % BeFy, shout 10 mol % torahont 80 mol 90 Mak, and abowt 18

el %% to about 90 met o LR, Pacticully suttable component goneentrations in the

£

composition of the present hrventia range from about 25 mal %6 10 about 38 mud %6 NaBely

.

and gbout 8% mol %% e about T3 mel % L

Those skilfed in the art will appreciase sther
suitably component concentration ranges for obtalning comparable physical properties of'the

molien aslt



WO 2014/052902 PCT/US2013/062424

IR086] Sutable component concentrations in the composition of FLIKBe range from abow

10 mol 96 tnabout B0 mol % BF about 16 mol % i shoot B0 ol ¥ 1aF, wud about 10 mol

% 1o about 90 mol % Dol Those shitled in the et will appreciate other sultable corpponant
concentration sanges for oblaining comparable physics! properties of the moles salt.
{87 The foregoing deseription of @ ent invention has boey

~

oresenied for purposes of Hlusteation snd desoription. Bis oot intgnded 1o be exhaustive ot to

tinvention o the prechse form disclosed, and modificatinny and varistions ars

b

+f the above Wsohingys oy pay be acyuired fronn practics of the pr

2

The sabodiments were chosen and desceibad in ovder to explain the prinviples of

the present Invention and its practical applicetion o crabde one skilled in'the ant o uillier the
present nvention in viwous evabesdiments, and with various modifizations, ss are suited o

the perticular yae contemplated,

{BRRL The disclosures L every patent, putent apphication, and publination eited

&

bereln arg horby ncorporated herain by reforgnoe in thelr entipety,
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WHAT B CLAIMER I

1. A deview for collocting and sturing solar one

 the device comprisiag: (83

ted)

optical concentrator configured (o recoive inoident solar rediation sud condust the

3

wiokdent solar ruliation to & moans fof ranemission of the recsived solar radistion o a

yf»

snorgy reenvery device, whereln the apticsl concentrator and the o

are operatively comnected trongh the trampisakog means

e

2. The device sconeding s clabn 1, whereln the optionl eoneontrator is a

parnd of mate

po

3%

fal characterized by tola] Intornal reflection.

3 The device acoording to olalm |, wierein the aptics! concentrator is &

panel of a waterial selected from stryhic polymer mud gl

4. The devics avcording o olaim 1, wherely the epnnssion means is a fiber

aptie devics,

3, The device socording tor claim {, wheredn the engegy recovery device condsing

a heat storage medhan,

v

8. The dovies secording to chom §, whersin the heat sto madinm s g salt

R The device ageording toolaim 1, wherein the optival conventrator coraprizes a

x

incident solar vadiagion ata §i shifting the

jory for reoet

M~

primary coliection reg

N

$ Tagy
FROTIVEQ Suar 1

v

thin the pavsed to 3 seeomt angle, transmitting the solar vadiatio

oy,

i

£

e toa secnndary region it operative conwnuateation with the

N

primary oollection regiom, said seeondary collection region shifting the solar radistion ata

second anple & g thind angle,

Ay P,

.
b
e

The devive according 1o clalm 7, whereln the seeondary colleation region in in

operative commmrneation with the ravarnission mea

cording fo olaim 1, whersin the energy retovery devive is

N\

operstively comaseted (o & devive By converting the o

&t work,

18, The dov

£ Bk s i R M N STy e iy e Fovae S
s aocording o olainn |, wherehn the erwegy renovery devies is

i 8 S v

spevatively conpected o a device for eomvarting

11, The devicr sconding to olaim 1, father o 8 means of orlonting the

nosition of an vpper srface of the optiead tone
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he devics scoosding 0 olatim 10, wherein the oriording mesns s vordigured

o ortent the posigon of the upper surfsee alitndinally, sabmuthally snd & combingtion

therent

i The device seoordi

collection vegion, the soonwd

Y
i

thareof s not a ph

o acrording to olalm 1, wherely a momber selented trom the priveacy
sollection region, the secondwry collection region, the transndssioremsans and & combination

thereof s not configured t0 convert the sedar radistion divectly into electriony.

16, The devies socording to olaim |, whereln & monber selocted froamn the priv

cobisotivg re

tom, the secondary colleetion region, the tansvisston means and & combination

W

thereot I not s mibrror.

o

7. A 2y siem for colis him ared \{0}(1‘:1;3\ srdiayr enes Ry, \wﬂ"iﬁn\.m;‘ A i’)iti_i‘&.‘?iii}" 01

DpUes of which by sondigueed to receive ncidest solar radintion and

conduet the recmved solar radiation 1o & raw s mecans for ransmitting the roestyed

svlar radiation o an encrgy recuvery devive, whereln cach of the optiva] conventrators is

operstively comnvoted o the enorgy recovery deviee through the transmission wesns,

18, The syslem scoording to olaim 17, comprising 2 single onergy recovery devige

speratively sttached 1o sach meveber of the plurality of optical covcentrators through the

1% The system avcording to olaim 17, whorein the transmission means of & firgt

member o the ploradity I connected to the transissiog neans of @ second member of the

plurglity.

]

28, A mothod of collecting and stoving solar snsrgy, conwising)
{2} eotlecting ncident solar radiation in an optivel concandeator eondigured to

concantraie the solar cnergy (o 8 beam focused for fromsnussion hrough a ransmission

;‘,

fieans Ik an one Y POQUVErY e fovine: & wrd
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(b} transmitiing the beam through the transmission means to the eoargy womvery

#

devics, transferring enpegy stored i the bawn o the susegy weovery devive, therehy stoting
the ensrgy,
whareh the optical concentrator and the soergy reeovery devive are oporatively

Hoked through the mansmission maar,

3. The wethod scsording to elaim 30, whergln neither dep {8} nor sap (b)

X

ncludes wsing a photovolaic or g mirror,

22, The methed ascording 1o olaim 20, wherein the stored enorgy iy transferred o

a deviee for genseating eleoiricity,

23 The mothod aceording tr claim 20, whereiy the heat stovage medium stoves th

energy as & moebor selocted fronn sonsible snergy, phase transiion energy and 8 combination

T A &
hgreot,

ok
Py

b
LA
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