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2 CFV Solar Test Laboratory / Fraunhofer CSE Outdoor
Test SiteCRIZHEMENE =) - PNM Prosperity Solar
Energy Storage PlantCK[%AEE Bl ~ B EMEL) - K
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AEANZS F F B 200 10th International Conference on Concentrator Photovoltaic
Systems(5 10 Ji&§ CPV ARG E A EIFEHE eV ERER I © DU
FUEE ZHE R ln 28 > S B AT ETE CFV Solar Test Laboratory / Fraunhofer
CSE Outdoor Test SiteCK[ZEEMENE ) - PNM Prosperity Solar Energy Storage
PlantCKFGREE BN ~ BEAIELE) « K Eubank Landfill Solar Array( 2MW ZE4REX5
RIK S EEERD ©

4.1. CPV K5t A SRS &

SCFV

solar test laboratory ]

Global Certifications lrﬁhwmmwmﬁinwmaw.de Partne
e

4.1~ T ERA

AFET O TSN CPV BRI - BRI G R »
72 B &5 NREL(National Renewable Energy Laboratory) ~ IBM(International
Business Machines Corporation) * Fraunhofer CSE(Center for Sustainable Energy
Systems) ~ CFV(CSA Group+Fraunhofer+VDE Institute) Solar Test Laboratory
Sandia National Laboratories-+-5§ o AEEH F B IEpRAE @ S T HPEEN
oy [4] 0 SENIAEREEREA

4.1.1. IBM #9FZffit HCPVT Technology [5] [6]
2% 4.1 ~ IBM HCPVT $ffirk

K&kt RE

A Low Cost Photovoltaic Thermal Concentrator from innovative
materials

EAE Size: 10kW electrical and 25 kW thermal @ 90°C

[ERVES = 80%HY AR (B AE + ZAEE) AR — Yields: 25%

electrical, 55% thermal, and 80% total Microchannel cooled

-8-



multichip receiver with 10x lower thermal resistance

. T N
Sonreniicht (mmpaab?lw%ith N\

Multichip Recaiver

Multchip-Recever

&J' {mu A %‘W

~—— Elokirischer
Knotakt

Solarelle
Thermisches
Inleriace
Mk okendion
4.2 ~ IBM HCPVT FR4HEEt =~
2% 4.2 ~ IBM HCPVT R
R N
G [c7apl =) sy 9 2 —HVEEREM A — Concrete tracking and
GEE supporting structure inflatable mirrors with 10x lower cost than
steel/glass technologies
B /K &8 Combination with adsorption cooling and membrane
FRALEEE distillation desalination



4.3 ~ IBM HCPVT A4l 24 K& & fE

4.1.2. KIGREIIERE ZAEIR - BFELLT 2 A(E

(1) B35 (CAPEX) Fe & #E(OPEX) KI5 AE S B AR F -

(2) B KIS AR B MRS 2 HIRE IR R A (gray energy)

(3) FEHTRIGEEIR S 5 [RE5E 2 BV 58] /1 (Radiative forcing)
T G55 /7 (Radiative forcing)HY7E 5 Felth Bk B KPS T E IRV RE R
TREHERRE R AR AVERETRE = o R saH bR T B R = MRE R =k
BHE ~ EEE ~ ROR. T > SCE N REF A HAVEEE - MEGE S B0
BREOR - BRI A EE A -
EHERRE > BERRERECEERLCR - R ISR ERE - Al
Hge R v el g U BAEI X A M TR =X E s

(4) Fri s R B ZEERIGRENR BT RE TNBIET YRS 3FE - EEUR YRR
B AN T BB 2RI AHERK -
FEIE > IBM HYEE% 5 Bruno Michel 585y » 0T R EAYZEERIGRENRAI
JE—EFEE - RAEKENRIGEREES RS RS » RiMERR
W EETAE S E 4.4) » L EEE RGN R B EE -

1200

=
51
a8

Average Electric Load (MWh)

0 20 40 60 80 100 120
(-18) 7 @ (16) 27) (38) (49)

Maximum Daily Temp °F (°C) 5

@

4.4~ SERESIE R BAIE - % BROEA 27 0% - FIGRAIERD

2006, with data courtesy of Enter gy
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4.1.3. A E R IGRENR AR R RER T 4 e iR (b

[l 4.5 ~ ééﬁEEIH”fEFﬁ“BI BlE A AR H A

TS RER AR IR - FE BRI ERFZ AEIHY payback time - H
Al —RRCHR ~ K2 2 b KPS A payback time 4B 53 725 Ry— -2 —4F
M APSRER I EE S anBOE &y 30 4 B URE S 28~29 S RFFREN 3%
AR R FHFRIRTRENR © 2= EEIREN - KGR ZEN I ER
[ R A ] ~ Sads H IR IR E » 22RO S B
BRI ARPSREN - AHETHYZE A g R B B S (BIA0ILTE) - /% 3 &2
_F payback time » AL > JEEEEERE Ryt ERE K GRER IR A > K5
RERfE S TP B ELAE H IR S AT

4.14. BRI A[EIRPGRERHY payback time

100%

\1

High Albedo

Low Albedo

4.6 ~ KU BIRERE - A ERAMEENHMEAE  ARisHIR R
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HUEREVSEE SO 3% Fy 30~35% > IRIZA EIHVE SEEM LA A E - O
¥ BB S AT E SRS R - fEEE T » EFREAER
PRI AYRE 25 A S > a0t (RSB R KPS REMR L B 2 2o i v RESY I
SRERE o ARILEGERE ST ERY payback time © % 0.01 AL
(albedo change)fH & %1 7 kg CO: emissions / m’ 2E K » B A RS - S
A 0.35 FYRETRI8 - [E% 1 245 kg CO: emissions / m’ AR (L& 4.8) 5

s B O E TEAH BT - AR 0.75 HIRZET RIS > [ESERY 525 kg CO:
emissions / m’ 4= R (41[E] 4.9) -

5% 81.8% 5% 87/%

Crystalline Silicon

13.2%

Concentrated PV

Concentrated PVT

4.7 ~ NEKIGREINII RS RERE > —f S & SRR RS A B AR Y

BT ATE -
12
10
8

i
@
o
4
. i} m
g 9 E5 39 EE 37gEFE
= e =B (2 e|l=|8| |2|8|EB
=S| E|E|X = 8| £ £ E| 8 £ X
= B = e =E
s it 2
b=l o
O (@] o
Qil Coal/Peat Gas

B Grey energy M Desert albedo change from 0.4 to 0.05
H 4B

4.8 ~ R[ERFHHEIHY PAYBACK TIME » =5 8 Ry — et AL EUR KIGREIR

-12-



= 4.9

4.1.5.

4.10 ~ HERTASUR KISHEIR » ALBEDO HYZ S & Rt 0.4 82 7% 0.05 -

ALBEDO M4 & B 0.4 £ F5 0.05 o

12
10
8
L 6
@
o}
> 4
2 o I\I =
0
7|8 2|5 (8|2 |E|5| |B|%|E|k
EEE% %SE% ng?j
=] =
o] £ =) = ) =
EEIEI EE;EI EE'EI
e o 2
e o o
o o o
Qil Coal/Peat Gas

W Grey energy ™ White roof albedo chg. from 0.8 to 0.05

FEIAPSEEA Y PAYBACK TIME » [ (= TER By A F5AER » ALBEDO HYR4
SR 1yf 0.4 54 0.05 -

H AV ETRRERR I IE - AR &R 2 FHEM T TR RGeS &

%

ERERF T TP RIS H R TH - IR EARPGRER - AT LS
R [RARENEE > 40T IE

RIS > IBM f2HHE B MEARE - 20N E 4.11 > BERIGEESE
SR BATHET 0 50 A EAMUHN T > riny EBRERR AL AT > FiRE
EMEEE R IVE R E R > SUSCREKCRAERTINZAZE AT - T2 alg
K TR T —MEFZKPT RS » B PR 2 Al KER BRI RE 35 B
CPVT HYZANFTH °
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1. Cooling loop for CPVT receiver on tracker level
2. Fluid loop for collection of thermal energy on power plant level connected to storage
3. Fluid loop for transfer of thermal energy between storage and thermal user
A 4. Fluid loop to transfer chilled water or fresh water to consumer
Y .
203 .
TS No heat island effect

v DNI > 2000 kWh/(m?year) "
\ results in better health of
\ Moderate heat island effect " inhabitants and much lower

e - over CPVT power station " cooling energy demand

; 1;: * consumer
Thermal user . i i
Cooling Heat and electricity demand is correlated with

temperature.

3 1 r—'_‘ Thermal user k ' g .
! Tﬁ ; Desalination + Delivery of cooling reduces power line congestion.
st excha"ger — Place HCPVT station were heating requirements
‘. Thermal storage ' are high and heat losses are low.
10MW CPVT power plant Thermal user at/off
CPVT plant

& 4.11 ~ HERERTEN S RIFEEN - ALBEDO Y & FfiE 0.4 8 )% 0.05

4.1.6. WHETEERGS

(D) WwERR/RIGRERRENEER » RILH N REEE KB A K - 56
TR AR

(2) IP%KFE REAR S B U 58 ) (Radiative forcing) @ A REFH & R &
HIBEIR » R RPSREIRAY payback time fEZHE# 5 & -

3) E@E’J}%Tﬁﬁbﬁ%ﬁrpﬁt%?&%)&f » AR &R 2 G EE T )RS EE
ST -

(4) W REYRIGRENR S NIEAEAE - BEHEFRK LA -

(5) EAENRTE RSB ~ EEERARFFEEE R > It T R EL S
SUE

4.2. WERHPLEFESSEITE
ARSBITREAWE & T E 2 HEE Sandia National Laboratories > K £
Sandia National Laboratories {i}f> 3% B 25 B K o ?ﬁ%f?fﬁmﬁlﬁ EHEREA
Ry AN BERRA T - IR ACER 12 22 Ry HAth 2 2311 7h2 » BLFE 28 CFV Solar
Test Laboratory / Fraunhofer CSE Outdoor Test Slte(j(]%ﬁlé B ERE)
PNM Prosperity Solar Energy Storage PlantCKFGEEE Bt ~ B2 AVEL) ~ K
Eubank Landfill Solar Array( 2MW 254k Z R K 5 AE B NG

42.1. CFV Solar Test Laboratory / Fraunhofer CSE Outdoor Test Site( 5t 2 Mz
gE=E) (7
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4.12 ~ CFV SOLAR TEST LABORATORY

et B s R AR aERie R BRI R - AN ERE T
73 Ry P R F SN I £ BEER Gy - AE 5 RYER (Y £ 5 R KT HY KPS RE
SHARRANIGS, - EEAVEHERE

Pilot Module Fabrication line

Pulsed Class A+A+A+ Solar Simulators

FEA Modeling

Indoor Environmental Testing

Imaging (EL, IR, SEM)
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4.14 ~ & RETHOESHERETON ~ 28 s\BRki (8]

4.15 ~ EREHRSTHVENA 1V E./EJ?‘Z}E (8]

TSN ER Y Ry iE H 2 Sl B i DU 2= TR AL K P RE B i

. &l 4.16 ~ ﬁ'%@ézﬂa /EJ)SZ SN
4.2.2. PNM Prosperity Solar Energy Storage PlantCAISEE & Bt - B EARIEL)
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4.18 ~ R AR T A AT R 2 A
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4.19 ~ HERIBENIEEEE RITNED - B - By§y & B (LEAD-ACID BATTERY)HE

4.2.3. Bubank Landfill Solar Array( 2MW ZE&RZ R K5 EE B RD)
TE LR RIS RE B W5 (B s B A 28 H U 26 f5 1 KIS RE IR » fRIE
BRI TAZRIAE & T RSP X 2 BRI RIGRE A #F 2 i
BFETEREE RS - (Hix T ENI IR R R E EAA L B H AR 2 &K
PEREMIR @ S AR - R RACRIGREEE H R RE—H
WE -

4.20 ~ EUBANK LANDFILL SOLAR ARRAY EX A K FAHE BR g
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4.21 ~ EUBANK LANDFILL SOLAR ARRAY ZZ ST K FZRE BRI 7 EL A 7t S22 EE 75 (SMA SUNNY
CENTER)
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5.1

O
B E ] CPV HYBRLELEREL « KATHARY CPV 2 i (53 FOR A 34/
PR O R

e - —— »

5.1~ CPV 551 [9]

5.1.1. CPV HY{EREELERES

() BEEREE  WHE 5.2 WA CPV HIBHIGE » B EZKIEHIA
FEsZ By N (F— B H B R E ENV S B E (B2 B H ) -
T T - EEZAY PV 245 (408 5.2 ~ Fixed Si PV % Thin Film PV) »
BEZ KRG ASAEFER A » fUAE O RIFRERENZE - Fitt
NI EAE Ry H KRG 2 B S {LE -

g CPV tracker
W

E e —

R r _ Tracking Si PV
o) e

- Fixed Si PV

F:r

¥ Thin film PV

6 & 10 12 14 16 18
TIME FROM SUNRISE TO SUNSET

5.2 ~ REIKFS PV 3t H 2 HE Z 3 E 1m0 EhiE [10]
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Q) HimEEHBNRE C HAME 4 82 K[I5EEEMZE @ Junction
GalnP/GaAs/GalnAsP/GalnAs F SRR IGEE)MBEC 0T 2 44.7% [11] > #5
REF &S KIS EGERVRIF - 4ERIGRERIFI 2] 2 60%~80% « T E#~
1 4 $EH 2 KISEM » E RIS e 2 Ber 250nm 2 1750nm B&H &
I 2 B EMHEEE(EQE) ©

100 e 2000
8o} {1600 __
E
< 60} 112005
L
e , =5
o 40} {800 g
C
0
20 {400 B
n ‘ E
. \

0 / ! 1 1 ! \ i 0
250 500 750 1000 1250 1500 1750 2000
Wavelength [nm]

5.3 ~ NEFEEE AR RER 2 Z e
(S & TSR EQE Data)

(1) BEARKEAES (RS DNI>850 W/m® » & & E94Y 500 W/m’) »
R & A D E RN & - (B ER T ORI EOCRATE R » SN FEEIT K
JE o BN E[EEFHERE A - DL E RS -

5.4~ KIZESORERE [12]

(2) TEERHEEZEH RS - —HEHREERFEEEN 0.1 % - HiE
H &SRR SR Zakat > W0 T BUERA R e A -
Q) X NMEERRTEH GG RS E SRR AT - AT E
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* 3rd order analysis for HeliosLite tracker

Environmental
Low siffness conditions

Deformation

Snow load
backlash T° variations

x ’ Axis orthogonally error Ground settlin
Drive train ogonaly 9

Structure design Wind load

Low stiffness Non linearity Parallelism between tracker axis and
module plane(s) Tracker
Count errors Low resolution Inaccurate tracker Too simple Inaccuracy
location
Ergad
Electronic quality ~ Sunpath Model

Unstable mount

Close loop control on tracker

accuracy

Clock accuracy

Roundings Bad fitting algorithm

T° sensitivity

Motor drivers Calibration

Perturbation induced by inverter MPPT
Poor dynamic

Max power tracki
fesponse P = Not precise active sensor bad encoders input
Peak power  C ge Sensors
m extraction resolution Software
accuracy

CPV-10, Albuquerque | Mathieu Baudrit |

[& 5.5 ~ 5 H RS < foE e [13]

Fast passage of Perfect CPV day
small clouds

CPV operation: transient down
to zero in the range of 100 ms

B s 7cPv power
< TempModule
cell Temperature

l B 5.6 ~ CPV ZFSERYFBREEPERAY I-V 5 [14]

Cell efficiency, ASTM G173-03 (CSTC: AM1.5d, x*1000 W/m2, 25 °C)

Optical efficiency, G, .. /G, (estimate for 25 °C)
standard reflection losses on front and rear side of the lens;
losses within Fresnel structure: diffraction, chromatic aberration,

Module manufacturing efficiency
distribution in cell efficiency, positioning of lens-cell, ...

- Module efficiency, ASTM G173-03, CSTC: 1000 W/m?2, 25 °C (cell)

System installation efficiency
distribution in module efficiencies, cabling, inverter efficiency,
operating cell and lens temperature, ...

- System efficiency, ASTM G173-03, CSOC: 900 W/m?2, 20 °C (ambient)
5.7 ~ T EIREAH F 25 2 SEEE L [15]
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(4) EMEEE MRS ¢ GaAs EAUSEHESE @ BEEBEG SEHE
& o 36 H Z80 ~ FOCHER & 7T ZE R4S - DUZEr Ay EEReR -

(5) NZOCAIRPGRE S 8iaa T R B R - SERBRAM T A S RHELY 40% LA L -
B8R S AR RRES Ry 26% - WlE] 5.7 [15] » AHELHC [ E R Bz Rl
RAVESIAEY it 2 48(19%) » (EBAAIT AR BHE -

5.1.2. CPV Z&RHh3 AR AT RS e 1
Annual installed capacity updat

90 ——r———————————————— 20
2 s0f 480
3 5
27}k 1705
S S
3. 60 {60 8
© ©
© 12)
E 50 o 1 508
© =
z 4f 1°%
£ c
= 30F {30=
5 5
c 2} 420 £
© s
= >
o 10fF 410
o o
0 P 2 0 " ’i " u0
'19& x& '»°@ '»@ I S

5.8 ~ CPV i PV 22 A 24 (E] [16]

EIEl 5.8 & CPV E28 PV H iy E L EEE - (£ EITFH CPV 4
LR RREEMRN PV 245 0 {H CPV {5 3E PV R4 HH—/NEb  1E
2013 FEFE > CPV WEZEEL R 8SMW > [Fl—4 PV REHIF L4
HAEAT R 390GW » iEFR CPV HAE4Y PV 4619 0.2~0.3% ©

EPIA projects 1 GW of
production capacity by 2017

Production Capacity CAGR until 2017

cPv | | | 1 41,1%

High efficiency PV - 7,5%
c-Si modules - 6,3%
caTe [N .0

0% 10% 20% 30% 40%

Source: EPIA, Global Market Outlook for Photovoltaics 2013 - 2017

5.9~ EPIA THMITE 2013~2017 - 2 A [EIfEHH 2 PV S8 E G R (CAGR) [17]
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L& 5.9 B BPIA FEHIGE 2013~2017 4 REFEE S PV 2SFEEERE
#(CAGR) » fHEEAEAMAY PV £4% » EPIA TEHH CPV 24 FEE G
R EE 41.1% » FHECHY o 246400 C-Si 2¢ CdTe » CPV 24 FEHE SR
R 5T 5 -

Suncore
Amonix >200 MW (China)

30 MW, (USA) Heliotrop
<1 MW (France)

/ Magpower g
5-10 MW (Portugal) P apen Suntrix @
goa Solar .
Soitec 5-10 MW (Spain) >30 MW (China

280 MW/, (USA) Arima Eco E_ne/rgy
5-10 MW (Taiwan)

Solar Systems (Silex)
50 MW (Australia)

5.10 ~ £ CPV ERENH RERE (9]

5.13. Ofe4E

5.2.

BT CPV FL LR RHEEATRIN PV &%t > (H CPV {5545 PV &
Wi —/INERY » PV SR REZENT DARY S KPS B B 107 0 45 PV &4k
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