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Optical analysis and experiment of 550 X off-axis XR concentrator
photovoltaic module
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Abstract

This paper describes optical analysis, indoor and field experiment of off-axis mirror concentrator photovoltaic
module with geometrical concentration ratio of 550x. By means of ray-tracing computation, optical efficiency of 83%
and acceptance angle of +1.4° were obtained. In the field experiment, the prototype mini-module mounted on a
carousel-type tracker achieved average module efficiency of 28.1% under the average direct normal solar irradiation
of 765W/m”. The estimated peak cell temperature was 71.9°C which was 40°C higher than ambient air temperature.
Incident angle dependency in indoor and field experiment well agreed with that in optical analysis. In addition,
shading effect occurring in the carousel-type tracker was examined and the result indicated that the generated
electricity decreased in proportion to the ratio of shading area to module aperture area. Furthermore, the field
experimental result clearly showed that a secondary optical element in the present concentrator system contributed
irradiance uniformity at the cell active area and improved the module efficiency.
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Fig.1 Types of sun tracking system
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Fig.2 Outline of CPV system with off-axis XR

concentrator on carousel—type tracker

X2 H—t L FRGBRIERIC Off-axis XR £ %

HEE L7 CPV o 27 A DG

FZTAMETIE, ZRETITRERIO NI L—E'
NI & Off-Axis XR S E A G b lcn —7n 7
7 A VD CPYV ¥ AT LOREHE & EBIRTREMERGEAE BHe L
FOE 1 AT v T L LT, BHFRONFRTIRGT & 550
X DOBRNEI =F P 2 —IT L DB T O SRR B
AEEAT o TofE RO NW TG T 5.

2. I—EJFE 0ff-Axis XR CPV 2T A

B 1R F 22 VR E —8 L HRBREE O
a2 md. SOIC 2 ITIREV AT AOMEE T, #2
BUARAT LTI, B E PV 2L O—% % i/ MR &
LT (M2 7)), Zhe—dlIcEIcESEE LZS D00
EVa—EleDh. TLT, BEEROEY 2 — RIS
—EDOMEE BV TERERICYY Y FanEL
7% (K2 4). KB F a3 28 REWELS £
Va— k&) RN L CHEBIREEET S 2 & TfT
W, RGN BRI R E AR A A ) — 2
—Z R (I—kL) OLITKEEHERET S Z ET
179.
FEVa—NVIZAHLEKRKB I D N—HTF R
(Glazing) ##&iE L, —wEENE (Primary Optical
POE) T b I 7 —CKE LIoth, Nk
25 (Secondary Optical Element : SOE) (Z A% L, SOE
T @i LT PV B AVIEICET D IBENCRE R,
Fot% X, BTE R EIERRTE, 20X A 7% XRENER

Element :

Journal of JSES

_62_

W'LOLSOE
(b) SOE
Fig.3 Analytical model

3 fEfTET v

<

SOE

\
.

Fig.4 Definition of deviation angle
X 4 BRFRZEM DIE K

EMES. CylE 550X & L, POE (ZIE[EHE A m 2 7 —,
SOE (212 v KL X (Homogenizer, Kaleidoscope &
HIEFEN D) &A=, SOE oEa%eEi:, PV kovm
TOMSREY - EE2EmD D Z &, FRAFAZILTD
&, PVENEERET LI ETHD.

3. JeFfRATERE

3. 1. fEATET VR L UM T

HIEI =F 2 —/L D POE 35 L ONSOE DR & %
ToIZ, JERRBHMENT &2 1T LTz, X 3 ST e T L%
sR9. POE olalisfgiim X 7 —kiE, X3 () lomd x
FmEB L0y FmofalElE TN LB L0, &
DL, FEE (x, p) IKTDES 2 R TROOLND

2013 4F



550 AL L X 7 — SRTIRG IR T Y = — )V OS5 iT B X UEER

Table 1 Dimensions of 550X Off-axis XR concentrator

#1 550X Off-axis XREENERD T2~k

Aperture Area A, 170X165  mn®
PV cell active area A X7 mm’
Geometrical concentration ratio C, 550x

SOE installation position Pgor 92.5 mm
POE x—axis width W, poE 170 mm
POE y-axis width Wy pok 165 mm
POE x-axis focal length s 92.5 mm
POE y-axis focal length Sy 92.5 mm
SOE bottom width Woot soe 7.0 mm
SOE aperture width W soe 12.4 mm
SOE height H o 10.0 mm
G et = 83.0%

1000 Ciae =475

800 [//F,ch”’eak =942

IR PAR=1.98
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Fig.5 Distribution of local flux concentration at PV cell

surface and other performance indices
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Fig.7 Photo of outdoor experimental system
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Fig.8 Outline of indoor experimental system using

highly—collimated/low—irradiance solar simulator?
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Table 2 Date and conditions for field experiment at Tamano—city in Okayama-prefecture

2 [ LR ER T TIT o 7o BAVER O H IS X O
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Culmination Average ambient Average wind
measurement measurement . Average DNI Measurement 5
Date X X altitude 5 X # Measurement temperature velocity
time time ) (W/m?) time c) (m/s)
(Solar altitude) (Solar altitude)
9:20:17 14:42:01
2012/07/19 (50.37%) (53.88°) 76.31 362 5:21:44 188 31.0 1.43
11:24:31 14:30:51
2012/07/25 (71.92°) (55.68°) 75.11 481 3:06:50 738 313 1.56
10:28:21 15:54:11
2012/07/26 (62.73°) (38.64°) 74.89 769 5:25:50 1693 321 1.53
9:41:44 15:38:21
2012/08/28 (48.86°) (35.44°) 65.12 646 5:53:40 617 31.4 2.33
13:42:31 16:46:22
2012/08/30 (55.93°) (21.05°%) 64.52 720 3:03:51 878 325 1.39
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Fig.9 Daily variation under clear sky condition on July 26, 2012 at Tamano—city in Okayama prefecture
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