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2) Power Tower
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AlE(gubE 0 2 1,000 W/m)olH d3te 58 A
F71 2ga 5 HE G ojste] A EY ¥
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2 9 A7 55 m 3719 dishr} QT E T, 25 kW
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Stretched membraned] A}g-o|t}, &7]A] gF-& wkAL
membrane rim £ hoodg 7} A8 AR,

= o|| 23} membranel 2 U]-716]-0c1 AdA F7HL
FAgT}, o] FZhol ke AFL AW wkA}
membrane& & T 7}7t-g tig’z]'(spherical
shape)©] €},
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<E 1> Dish/Stirling A|AE40]| Ci$t CIXIQI 3} & AL

SYSTEM
Name Vanguard MDAC German/Saudi| SBP 7.5—m | CPG7.5—kW | Aisin/Miyako |STM Solar PCS
Year 1984 198488 198488 1991— 1992~ 1992~ 1993
. 7.5kW 8.5kW .
Net Electricity* 25kW 25kW 52.5kW 9kW @950/ @300W/ 25kW(design)
- 29.4%2760°C o ane o o 19% 16% it
Efficiency* gas temp. 29%—30% 23.1% 20.3% 950W/ S00W/
3 Built,
Number 1 6 2 5 14 planned 3 planned 1
: Riyadh,Saudi Spain(3), Miyako Is, _
Location(no.) CA CA(4),CANV Arabia(2) Germany(2) CA. TX, PA Japan SNL-TBC
Testing Testing Occasional . Initial testing of - _
Status completed completed ops. Testing now 5—KkW prototype Fabrication
CONCENTRATOR
Manutacturer Advanco MDAC SBP SBP CPG CPG -
Diameter++ 10.57 m 10.57m 17m 75m 7.3m 75m -
Type Faceted glass | Faceted glass |  Stretched Stretched Stretched Stretched _
P mirrors mirrors membrance membrance membrance membrance
No. of Facets 336 82 1 1 24 24 -
Size of Facets [0.451%0.603 m| 0.91x1.22m 17 m dia. 7.5m dia. 1.524 m dia. 1.524 m dia -
. . Glass/silver on | Glass/silver on | Aluminized Aluminized _
Surface Glass/silver Glass/silver stainless steel | stainless steel | plastic film plastic film
Reflectance(initial) 93.5 % 91 % 92 % 94 % 85%t078% | 85%t078% -
Concentration® 2750 2800 600 4000 1670 1540 -
Tracking Exocentric gimbal Az—el Az—el Polar Polar Polar -
Efficiency 89 % 88.1 % 78.7 % 82 % 78 % 78 % -
* At 1000 W/ unless otherwise noted % * Equivalent disk * %k % 32 for temporary high output
T Geometric concentration ratio Tttt Depends on concentrator used
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1) Vanguard 25-kWe A28

AEZZA AFA(PL)oA 93 Advanco A=
1984\ o)} 25 kWe Vanguard Dish/Stitling A| =8-S
7}, o] Al2dle Az Eo}e] Ranco Mirage
o Ax| o] ejFg-27] M Z&o] 20.4%5 7|H
et

2) McDonnell Douglas 25-kWe A| A8

United Stirling 4-95 Mark II AL £4E ZHF #
A2 M8l AR 5E 720 (133 Folth, A ¢
2 20 MPa(2900 psi)ollA] o] 1z YAREF 1000
wW/m'stol A 25 kwe] &5 TS AGdr},
McDonnell Douglas AF¢] &£ Dish/Stirling Al 28]
231 20~25%9] BlFg-H7| HE &5 et

3) German/Saudi 50-kWe A|2€

50kW United Stirking 4-275 171& 7131 A 7} <]
17 m(56 ft) dish& Schlaiche] &J&] whEo] A1,
DLRY] T8-& o} A|d o]z tH(Noyes, 1990). A
HA A|~ElL 1984 £U 9] Lampoldshauseno]
AAENI o] AL FHM AFoR A &
Z Dish/Stirling A28 o[t} & Ot & F 7o} A
Heo 73 2 7)e 2o o= 23] ARt
olztulote] F AMel Wle] Solar Villagedl| A x5
Ak, o] gof= A28l 53 kwo| ¢ W7 £d
23 4 313 1000w/ m'e) LrteFell A Bk E-H7)
HE 852 23%0|t}

HIj e FoAIAY
1) Schlaich, Bergermann und Partner 9-kWe
A 2H

Z A9 sStuttgarte] ¢+ Schlaich, Bergermann
und Partner(SBP)& 7.5 m(25 ft)¢] T H(single-
facet)L 7}7 #2HE 2H(stretched-membrane) 3
9] dish¢} Stirling 7 HW3HA|Z] Dish/Stirling Al
28-S FiEk ek, GAl 5 79 o] gt Al&El o] A
 71E Foll Aot

Schlaich F37]= #74e] 7.5 mo]aL F77} 0.23

mm¢) &4 9(stretched membrane) &€ 2]
stainless steel2 o] Fo]# o},

V-160 Rle shte] b5 =3 ARG AtolellA
A71E 160 em’(10 in®)e] 3 BIE 7R 1L 630
(1170 Pl 25 7)1 2A dF-& AHSiT, of <
Aol £88 30%e)1, F HiFE-A7] W e
20.3%0[t}, o] 7.5 m Al2"& @A 6 7i7H A
Aol H3ith. 2 5 3 717 @A) 25219] Almeriad
91 Plataforma SolardjA 715 Fold, vjd &%
g A 3t Al2Ee Y] g AFsk
it} I thE Schlaich Dish/Stirling AlAH& 5
9] PforzheimolA 7Hg Fo]i ymA| F 747t 54
9] Stuttgartdl] 74 =o] A Ut}

2) Cummins Power Generation 7.5-kWe System

Cummins Engine Company9] 2}3JAFQI Indiana
Z Columbus®] Cummins Power Generation 52
IAHCPG)= HlYd AL EH 0 E free-positon
Stirling A7-& AH&-gF B9k Dish/Stirling A%
& AA Hzx2 ARt 2EAR] Zelot, A7 A
Ak Al2d o] AS- dAEE 4 2HL 7.5 kWe
7} & Zlolth. CPG AR ©] 3 719 98 Al=H] o]
o= o o2 Ador o] AlHE $s) 14 7] <]
7.5 kWed A28l BAE Al golt}, o] A|2H]
o "gFd-A7] dF 28 ZIFAE F 1% =
ojct,

CPG-460 F37]= space frame Aol A4 2] &l 24 7}
9] stretched-membrane facets©.2 A "t Z+zt
9) facet& A|E0] 1,52 m(5 f)o] L F77} 0.8 mm
9] aluminized polymer membrane®] €& ©|F&
FHel Eg = oA glet. o]2{§ F membrane Afe]
= oo AF dEZ frAlEE, olHdt dFe
2 I3A] o] A FHol Mk BEHE A
3HA siETt. o] JB71E S5 3 (polar tracking) A|
28-g 7}A) 3 §lTt »

Sunpower F2A3|AME A AES 93 ¥ AR
A 7]7F A2 H 9 kWed free-positon Stirling A2
< 7N Foltt, FF ZIAE 629 (1250F)¢ BFol
o Al2E] o £ BERE 1 2HF o] Hdt
4,000 AZ+QI 40,000 Al Zko|t}, A/mF BH7] &
& BRAE 33%E o|n] Aol HAYrt,
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3) Aisin Seiki Miyako Island System

K Kariya A]9] Aisin Seiki T3 A= A& A H
9] New and Industrial Development Organization
(NEIDO) Project3lellA] NS30A 30 kW 7-& A
A}, o] 1A H =9 A AAlw 75 A
A& A3 4 709 HAE 2F A <izleln &
F 7IAIE AFESIA 683T (1260 F)o] 2%9} 14.5
MPa(1740 psi)e] gF&ol|l A 255,

Aisin Al Okinawa 2412 290 km A& 4] 9
Miyako Islanddll A&E& F53t7] H3) 3 74
Dish/stirling ¢1%1-& A2 el it} HB7]= CPG-
460 stretched-membrane dish &€jo]c}, o]23l A
28 93] Aisin A}2] NS30A 30 kWH four-cylinder
1A 3 BAE 58 o] A HER 8kWER
31aF 235 o] ALg-2 Zloltt, olgt e BFR

2 A3 F5oh Fud 5712 72 gk

4) Stirling Thermal Motors 25-kWe Solar
Power Conversion System

Stirling Thermal Motors 52} 3JA}¢} Detroit Diesel
Corporation& STM4-120 Stirling AZ-& #E3t &)
FE U Al2ES YRS A3 gt STM4-
1202 1800 rpmofjA] & Z 8 o] 25 kWeo|aL &]H-
B 2571 800 & vepdth olzfgt dxlE o
3 HgE A3V AF Qi o] A2’
Sandia National Laboratory] Test Bed Concen-
trator 9 ol] 242 = Aot

Stirling Thermal Motors9] E{¥E HE A|AH .2
7haa &8 W4 Ao] Fx7} FEE STM4-120 <l
Ag HAIT ek o] WE A2de 17 WA
F48he wbe-bank F7], 2F HH7), 22 <
71 Pz Al2=dlE 238k glv}, 3 7]+ 86 cm %< 86
emXx 198 cm(34 inx 34 inx 78 in)o]# FAI= 725
kg(1600 Ib)o|t}, o] Z & SAE #5 Flywheel
HousingsZ ¢34 NEMA 284/286 @58 w|ojH
2a7lE B2 2 4 ol

Y £5 AAY

Point Focus® B9 R 71, Hd7]2) 4 9
Aol we} 54 EE dRozel 14 2 F4
o= B4 (1% U F4 ) 3 PIC 29

| 40 EEETELE)

© gd, 2% "¢ 33 FAE AHL-3H Point
Focus® ZAA7|olA Uty o2 AR-HI 9l 2%
B +4 AR 3159 Wik webA Polar,
Azimuth-Elevation @ Exocentric Gimbal 32] H}2]
02 oA, o]E A7t the 2ol A
£ FAo 2 FAg

1) Azimuth—Elevation Tracking System

AL7E AT EAH g JHol| £2]Q £&
SA0 R 3 A (Azimuth )3k, FAl9] o] 43
& 7|F o2 3o 3]F(Elevation %)§Ht,

2) Polar Tracking Method

AG7e AT AREH HEs Sl st A7k
15" 3 A3 3, FA]9)] o]9} 433l Z=(Declination
Axis)E& 7E0F ste] | £235 (F1) 0.016'/A1ZH)
o llA 3] Hght,

3) Exocentric Gimbal Tracking Method

AL7)E GyrodlA AMEHI e AT 2L 2%
Gimbal Mechanismoll 228}, o|& 242t F-FA4
02X Yge FH%H

2

£

ok

Parabolic dish® B1Y<€ HE7]9 2 Hpa

B e
£, 88 sE Al2" T dE2Hd AL T

o2 BRstd & 29 2

glore] Y& #E3ta ¢]F Dish Tracking
Systemol] H@¢H0 2] Parabolic Dish¥ 2] HF7]
7} 34 HYS FFEE e HY 9 #3E
Sensore 742 o8 744 Fele A+ 2V}
BT ol 5 thEZ 2 AE9] Solar Cell E
OYAE o] &8k WAL F3hAL o, dFelA
+ EEGo| 259} TS o|&dte WAls Fst
7% S5l

<E 2> Parabolic dish® EfIE RU7|9| ENY 5| EH4

NAE S S9N s sosh)

FEA

Vanguard Oi= 25 1 Exocentric Gimbal

MDAC 0= 25 " Azimuth—Elevation

German Saudi 0
/Saudi Arabia 52.5 17
SBP 7.5m | Spain 9 7.5 Polar

CPG7.5KW | OI= 7.5 7.3 !

Aisin/Miyako | 22 8.5 7.5 !




TZUY IS JHE X EE Ay

I je H
1) Dishd AF A29 FH§ AYE HEE A&
g Ag3 A

AEE 10 kwF Dish® F371= FHo] 7.8 m,
23 Ag 4.68 m2 It JFHE 7t 19}
I8 9 50 ANZ FAEAH, 3] 600 o]
4, AL 58 90%, Hd 25 &= 650C oS A
st =3 T AL AR £ fElE A
7} 3.2 mmo| ™, IHALE-& A3 Ag/glass ¥t X
H2Y P HS T8 PHE Estltt,

(2™ 8] KIERS] A EHYE &F AIAH0|E ORC

>
E SRS ES

Ly Sun Lab. (SNL+NREL Partership) (01=3) DLR(=Y), PSA(AHION) KIER(E=)
() SOAHA
=iy pliet Boeing, SES SAIC, STM SBP, MERO (Z)G&C Tech.
(F)E=0UxI21
AIAE AZ
&) gy Fixed focus facets Stretched membrane Fixed focus facets Fixed focus facets
ISE IR 10.5m 12m 8.5m 7.8m
Haoy 87.7 m* 113.0 m* 56.7 m* 40.0 m?
RINEE R 82 16 12 50
HIAIE 91% 014 90% Ol 94% 85% Ol
As2k 720C 720°C 650T 650°C
= Pl
(Peak Power) 25 kW 22 KW 10 kW 10 kW

| atirg #1332 w102 2004 109 IR
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4 2) U= JA Y (Dish) H¥E LA A2d 7134

o o W3}
1) =99 7l& e 4 RF5FE ¥ 4~63) 2} 18! 9ol A B ulsl o] nlR oA Hlokd
CE 4y |2 7] T U BT =5 A 71E& A7LEke 20209 2 @S 5¢

/KWhE &te] 2009t MW BF F218t3 glu}.

Neaig HISS FRAA(R&D)
O EHYIUR U A | O AITEY 0 SRCC ZZ Y By = gx
goisdle (23 =2
— Solar Tower Power o=
~Denengnedig | oMW \OSHEERES g myr wHe Hey
5 AR5 - 10MWE 28Z | 0 AIAH S8t - _
& g8 4 B Al E dx AR B 7R 2349 w2 24
— Hybrid PTC Plant | — Dish 7.7 kW, O BN S A _ ] N o
ygs swaax | wanaxa 98 RPN BAB D G ol olfrz
- de=3d 438 B AAE A7 53 24 § £83 FHE
AR RE A5 AP S FHE HA o) 7 2N A
<E 5 ECY 7ae d Bg S8 KE 6 BFJENL H 2 S8
gsis HI35 FRAHRED) ik Hass FRAIZRED)
O EQlErE O 7MW, 4MW | O IEA Task O MY AJAR Dy | O Big Dish O IEA Task
— Dish® HL(7.5kW) |  Power Solar PACES —EH2E I Y 2] (4000 m?) Solar PACES
— HYSEEE (H=, Tower 2¢ Program -JFDDHHQ Agg Program
_FRUEDIENRD | o 60 kw iR 14742 & ~ PTCE e (14942 Zh
SENL o Dish(44EHm2) (A= 8 O B UH
_ AN O, e - Dish AIAEY
Towerd) s (50 kW)

1500}

1250~

Goal
§130m2

1a00|-

N E‘KT' Vangu:m!
R
!
750(- £ ; $'50.lm2

.&

& q ! MOAC 2
> .” 25t 2
.l P / \
? J 2@ Ladul _,» -
- Famo T e
5 1IIIIL||L£I
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