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PV system

PV System Kusatsu, Shiga, Japan ¥ j e | g

Azimuth: due south
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Tilt angle: 15.3° ' . 2 -y
Longitude : 135°57°E Kusatsu: 3.9kWh/m?*/day =7~

Latitude : 34°58’N fapan averages S:TEST i)

UMW W MW e,
REmE mmTERS
S R R
rETBa e seoen i
TR ER TRRERD,
B L . .

R R e e

\ o
~~~~~~

e S T R -

. a-Si/a-SiGe
sc-Si mc-Si A-Si -SiGe

Capacity [W] | 5160
Number of
module

40

Area [m?]

Efficiency [%]

First modules were instal

Output Energy (W)

PR (%) = X 100

ance(W/m2) X M,mina X Area(m?)

If actual’output is equal to rated capacity, then PR is 100 %.

Irr

Module temperature Irradiance

T ,0q Of back side of module is measured by TC.




Parameter for spectrum
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LdA

APE = —

d [ gd
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I, is the spectral irradiance (W/m?/nm)
Q‘ is the spectral photon flux density (s/m?/nm) )

~

Ref. S. Williams, T. Betts, T. Helf, R. Gottschalg, H. Beyer and D.
Infield, Proceedings of 3rd World Conference on Photovoltaic
Energy Conversion (Osaka, Japan, 2003) pp. 1908-1911.
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APE in Kusatsu, Japan RITSUMEIKAN

- 92.6% of total solar

spectrum is BLUE-RICH Data points: >80,000
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How to calculate outf v gy ? RITSUMEIKAN

INF OUTPUT
Irr PR =  Energy
For 1kW system...
1300 KWh/ 80 % 1 m2 1040 KWh
If PR is sensiti T odeee
2 {Irr(r,,,0 XPR(T,,9)} =  Energy
Tmod
1020304050 60 70 oC 1020 30 40 50 60 70 "VC
Tmod Tmod

This is almost good for c-Si




How to calculate output energy? RITSUMEIKAN

- As defined in STC, if PR is sensitive to both T, and APE

Z {Irr,, .APE)x PR(T

od»APE

ApE)} = Energy

mod?

T

m

Site
dependent

In this study, Japan
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Clarify outpu g i l PVs
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Inpt Power Output

E [rr PR |
= | (Environm (Solarcell) |~ F
APE APE APE
Measurement APE and T, impact on PR Measurement

PR map is also useful to understand degradation.
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Energy estimation by contour maps
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PRvs T, 4 Vs APE (3stack) RITSOHEIAN

. |: No data point

PR(%) 90
. 50 O STC
= gg 80 | % MFC ;
80 oo PR Sllghtly
90 )
| — - nds on APE
- w depends o
O 50 -. ’ i 90
Eaol§ % @STC(86.23%)
s % < PR@MFC(86.89%)
1 O
20 -
10 -
]l STC is good for
0 +— ———————
185 188 191  1.94
APE (eV)
Instant Irr>0.4kW/m?

RITSUMEIKAN

\ 4

90

PR map ¢

PR (%)

<70 or N/B 30

80

90 70
00

nparison

60
S 50

5 188 191 194 197 200 2.03 185 1.88 191 194 197 200 2.03
APE (eV) APE (eV)

Bulk
T,,.q dependence

Thin-film
APE dependence

185 1.88 191 194 197 200 2.03 185 1.88 191 194 197 200 2.03
APE (eV) APE (eV)




Temporal transition (sc-Si) RITSUMEIKAN
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Data period: 1year,

Temporal transition (a-Si/pc-Si)
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Abstract

ere estimated using the meteorological data in the Japan Me
al tilted irradiance (GTI) is needed to estimate the output energy d
tstricted to global horizontal irradiance (GHI) in the JMA. In this g
fs. The optimum installation angle estimated using the software releag
anization was used as a i angle at each location. The output energieg
icrocrystalline silicg , and a-5ifa-5iGe/a-SiGe tripk j
estimated. Nationwide output energies in Japan wé d using the peid of cach PV module and estimatedd@
put energies were estimated considering module te d solar g tribution. The results indicata
using performance and meteorole@i@al data is useful f o thg ergies of the PV modules around
© 2013 Elsevier Ltd. All righ .

The nationwide output energies of photovoltaic (PV,
logical Agency (JMA) and the performance of PV mg
modules. However, the available measured data arg
GTI was estimated from GHI using the separajé
MNew Energy and Industrial Technology Develd
PV modules (multicrystalline silicon, amorphou
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GHI: Global Horizontal Irradiance
GTI: Global Tilted Irradiance
T,p: Ambient temperature
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