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Table 2: Characteristics of solar thermal electric power systems (from Sandia Laboratories™)

Parabolic Trough

Power Tower

Dish/Engine

Size 30-320 MW# 10-200 JLw* 5-25 KWH
Operating Temperature 390 °C 565 °C 750°C
Annual Capacity Factor™®* 23-50%* 20-77%* 25%
Peak Efficiency 20%(d) 23%(p) 29 4%(d)
Net Annual Efficiency 11(d")-16%* 7(d")-20%* 2-25%*(p)
Commercial Status Commercially Scale-up Prototype
Available Demonstration Demonstration
Technology Development Risk Low Medmm High
Storage Awvailable Limited Yes Battery
Hybrid Designs Yes Yes Yes
Cost
$/m’ 630-275% 475-200% 3,100-320%
W 4.0-27% 4.4-2 5% 12.6-1.3%
S-"“"F.T 4.0-1.3% 2.4-0.9*% 12.6-1.1%

* Values indicate changes over the 19%97-2030 timeframe.
** Increases in capacity factor due to the use of thermal storage.

' S5/W, removes the effect of thermal storage {or hybridization for dish/engine).

{p) = predicted; (d) = demonstrated; (d') = has been demonstrated, out vears are predicted values
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; ] ESTIMATED ANNUAL ENERGY
1 Solar Dish Stirling 629 KWh/n¥
25| Central Receives 327 KWWhine
1 Parabalic Treugh 260 Wiy Cemra
2 Tracking Photowoltaic 217 KWh/n¥ _ Receiva W
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Cancentratar Technoloty P oier COnversion
Trough Parabolic Trough Rankine Cycle
Tower Hefodtat Solar Field Rankine / Bravton Cycle
DisteEngine Parabole Dish tiling / Bravton Engine
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Fiqure 1-1: Markets and applications for solar power
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HAREEM XBEFE. HAARBEYGEHRES EMEM

LM SAERMH (5v/kWh)  #EER SETE FLBE(KWh/KW

=E( ¢ /kWh) 0.35-0.47 4.1 20 8-10% 900-1000
FREES (¢ /kWh) 0.29-0.33 3.1 25 2-4% 1200-1500
iEE( ¢ /kWh) 0.30-0.55 4.2 20 5.50% 1100-1300
BEKFI(¢ kWh) 0.35-0.49 4.2 20 5% 1100-1300
wha( ¢ /kWh) 0.40-0.50 4.5 10 7c 1200-1500
faT=(¢ /kWh) 0.33 3.3 15 1-2% 900-1000
BEZ(¢ /kWh) 0.35-0.55 4.5 5-15 & 7 1000-1200
HBAFINE(¢ /kWh)  0.30-0.46 3.8 10-12 £ 7 1200-1600
EEE ($/kWh) 0.72-0.75 5.15 15 B3%F 4% 1000-1200
ENE($/kWh) 0.18-0.32 1.75 10-25 & 7 1200-1600

BIPV ( 1200/)\BY ) LS-PV (1500/\89)

#IRE ( BrT/kW ) BB (75/kWh ) #IRE ( Bro/kW ) BBy (75/kWh )
50000 5.32 50000 3.98
45000 481 45000 3.59
40000 4.3 40000 3.19
35000 3.8 35000 2.79
30000 3.29 30000 2.4
25000 2.78 25000 2
20000 2.27 20000 1.61
15000 1.76 15000 1.21
10000 1.25 10000 0.81
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Comparison Efficiency
PV / Hi-Tech Stirling

~
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0,3 ":/
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power)
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- Greenhouse Gas Emissions: from Conventional Electricity Generation

Coal Oil {;as Drigsel
g/ kWh) Best Practice Combined Embedded
(g/kWh) Cvecle Gas (2kWh)

DBest Practice Flue Gas Turbine
Desulphuris- {g'kWh)
ation & Low
NO,

CO, 854,60 GR6.50 B17.90 426, 800 T72.00

SO, 11.82 1.49 14.16
NO, 434 2.93 3.99 Co.a94 ) 12.30

- Greenhouse Gas Emissions: from Renewables

Energy Crops (g/kWh) Hydro PV Solar Thermal Wind

Current Future Small-scale

Practice Practice {gmw*m (g/kWh) (g'kWh) (g/kWh)
co, 30-40 30-33 B.6 98-167 20-30 6.59.1

SO, 008016 0.06-0.08 0.03 0.20-034 _0.5Q 102000
no, Q26  0.40-0.55 007 o.ln-r:-j_ﬂ_____
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" YERiHFE
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AL B LA

EERIRE  ZiIREA EEAERA SFARA B ENBENT & F

3000~4000 0.18 0.22 36H 0.27-0.38 JR#E384%/E
JXLEE, 8000~12000 0.06 0.5 24H 0.5-0.7  2000/)\Bt/5F
7/ =28 5000 ~ 10000 0.05 0.2 508LAL 0.25-0.39 5000/)\/4F
%8 9000-13700 0.16 0.4 728  0.4-045 6000/\d/5F
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Bl11: &RKFHREBREEREZREX

Map shows the amount ol solar energy, n hourd, received esch day on an aoptimally tilted surface during the warst month of the year.

(Baed on accumulated workiwide solar insolation data.)
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Source: Solar Millennium AG, Erlangen

suitable 7 not sUitable

w éxcellent 1 good
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Solar One & Solar Two INB 5faH HBIRIIPPATNY

Solar One Solar Two
EERNN B EENE] EHFIIRSAIRHAF)
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{(ER275 - 34 MREEMS MRS {(£/1.275 - 3.6 5 MREHMSR RS

MEEEE : 205 WEEEE : 205
U BASLLUIRRNEIR TR RIINFEES

—T E—MESOATFRINE |, tHXI20095F IR | 12775 | AR EERARIKIHE AR IRRET,

FTHERB:  SLMAERFL ST
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B4tk & oh# (Stirling Engine) B[R 5

s HASF ARSI — M N BIMES R EN I &0, 1816 SFHATE=RIR A
&BR , FrLASRRERAS MR A B

s HASM AR SEL—in AL, B—inelE. TRERRSIETESE, AEREIES RN
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S5RIR, AT, BT UIREHESELRRAV R m S SRFREI M. DIERY
PEHITIERATNEREAR TIERRWL , SRR EEMTMESL.

Bl17: 4tk (Stirling Engine) REWL TIER B R = E

Bl16: #4tk (Stirling Engine) R ahHl & R R AL
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Bratk R Eh# (Stirling Engine) BY4F S
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The Kockums Stirling AIP system
The only operational air independent prapulsion system by w
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SES SunCatcher Converts
Concentrated Solar Energy to
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Sclar Technologies

Other Renawables

o Rooftop  Parabolic  Power
Aftribute SunCatcher PV Trough Tower

Time of Day
Production Peak Peak Peak Peak

Fuel Needs Mone MNone Mone
Gas

Egﬁﬁg;ﬁez Good Good Good Good

Predictability Good Good Good Good

Annual e 10.6 - 7.6-
Eficency’ | 22 24% 14% 13.7%

! SES resource assessments

£ Hasaurce abundance characterizations based on Southwest LS.
* SES management assessments.

" Ren21 Renewables 2006 Global Status Report

ﬁﬂ*iﬁ KIS AR L I8
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E?fﬁ:?encya 29.4% 9-13% 15% 13 - 229,

Wind Gecthermal
Variable Baseload

Mone Mone

Mot
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Intermittent Good

Good Good
M/A M/A
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BI31: First Solar (FSLR) A& &HHE: AL HAFED)

2008 2007 2006 2005
Operating Revenue 1,246.30 503.98 13497  48.06
Gross Operating Profit 739.25 275.88 64.45  19.96
Total Net Income 348.33 158.35 3.97 -6.46
Basic EPS Total 4.34 2.12 0.07 -0.13
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