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Characteristics of Residential Photovoltaic Systems
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Abstract

This paper describes islanding operation tests of six residential PV systems and the residential PV system efficiencies.
Islanding operation tests of these systems were carried out by manually disconnecting them to the utility grids when the
generating powers match nearly to the loads (R, L, C, rotary machines). Islanding times were 0.1~2.8 seconds by measuring
the active power flow and the reactive power flow. The residential PV system efficiencies were about 10 percents, which were
about 3 percents lower than the module efficiency. The optimum tilt angle of the solar array is supposed to be about 30° at
Sido ( north latitude : about 34.3° ) by measurements of total amounts of daily solar irradiation for a period of more than
one year and by computation of global solar irradiance based on the latitude of the measured place and the declination of

the day taking duration of sunshine into consideration.
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Fig.1 Schematic diagram of residential PV systems
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Table 1 Specification of a solar module

Maximum power 141TW 5%
Short circuit current 745 A
Open circuit voltage 251 V
Maximum power current 716 A
Maximum power voltage 187 V
Maximum system voltage 600 V

Test condition : Module is illuminated by irradiance of
1000 W/m? at AM-1.5 and has a temperature of 25 C.

Fig.2 Exterior view of the solar arrays
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Fig4 .Lay out of 4 pyranometewrs of tilt angles
0, 10, 20 and 30 degrees
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Fig. 5 Outline of the six residential PV systems
which are interconnected to utility grids
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Table2. Specification of a power conditioner

Model PV-PN04B
Rated input voltage DCziov
Range of input voltage DC115~350V
Rated output vitage AC202V. 50/60Hz
Rated output 3.3kW
Power conversion efficiency 95%at rated output
Power factor of output More than .95
fundermental wave
High frequency distorsion Less than 5% in total,
factor less than 39% in each wave
Size 430w X 140d X 240h  mm
Weight 14kg
i t t
Inverter type Electric voltage type curren
control
. Switching type Sine wave PWM
Main
circuit Insulation Transformerless type,
DlStr::mlon Single phase
system two ~wire distribution system
Guard of
interconnected OV, UV, OF, UF
Protection systfam
Detection of
islanding Passive and active contro! type
operation
Vol32, No.3
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Fig.6 Electric voltage and c¢urrent wave forms of six
power conditioners outputs during islanding
simulation test with load of only resisters.
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Fig. 7 Islanding operation test results with pure
resistors and trimming RLC resistor
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Fig.8 Electric voltage and current wave forms of six
inverters outputs during islanding simulation
test with loads of resisters and five rotary
machines
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Fig. 9 Islanding operation test results with pure
resistors,trimming RLC resistor including
loads of rotary machines
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Fig. 10 Islanding operation test results with loads of
rotary machines in comnection with the

relation  between PV  power and
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Table 3 Global solar irradiation per month
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2ob Li7zvs, = O#ARIIBELE A EERIC R & <R
T AN IVE PREEEZITTRT VI ERTFRIN,
BELoEIOEDMEE A 30° LD LBV ES 4R
BHBEEBTE D L RERL TN D L1219,
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20024 5 BICEX/A 20° OBHEZHR L HEA
0° . 10° . 30° OHEKELEDETERBHELAR]
WERMLEZ L ABORBEEAOKELERD D
TENTEE, ZOEMER D EICFHTBEEL BT D,

DE K ABOKECKTAEEEADEXRAKNE
DKFHAEFE Lz, SHEHER, EEBFBEIC SN
TIHESFOBE, AR OFRE» LR 1ILICRTE
EHRBEOATRICKT 2EMEmOLON (1), B
HESMBECSWTIRE 4 CRITRREEFOBRT

striking the pyranometers of tilt — ¥ ThAIWEAE DT —F W L EEL A SBAE 2 1
angles 0,10,20 and 30 degrees in 2003 FEL. R 12 AT ESECART 2 8EL R FmEDR
Global solar irradiation (2) ZERALEW,
kWh/m?. month Ipp/Tpu=cos(8 —8 — B) cos( 6§ —06 ) (1)
tilt ZZT Ipp . BEABOEEAFMKE, Ipa : KE
angle ° 0 10 20 30 HOEEONME. 0 : BE. 6 ; FE. B :E
Jan 69.0 82.2 94.2 98.7 Va—VOREA
Feb 54,5 64.0 71.6 72.5 Ise =Isu (1+cosB) /' 2+ Iru(1— cosB)/ 2
Mar 679 746] _ 7e3] 763 (2)
Aor | 1207 1267 1283 1235 T;;F;@%% PORAE i” gﬁ’fg‘ . *2@
May 1283 1325 1328 1252 ii;gz}; Boop o TASKE T AKE £X
Q9
Jun 1275 1285 1282 1202 CHLERIC LB LD HEIR LB b0 EL IR
2 o7 818 180 7020 memsioRd. COHETRTANE (MREOR
Aug | 1334 1374 1382] 13170 gigy iy od oRESFORES TS )~ RO
Sep 131.3 140.7 {471 142.8 0.2 & LTW5 15)0 ﬁgﬁ@ﬁ@[}?_y %@J”Eé@
Oct 1040; 1205  1306] 1310 XTERECEM LD L LR A I LA L
Nov 478 56.7 62.4 63.1 ICREEEZ B B A b LIRS, FEHIME & BHEE A5 L
Dec 50.1 63.4 71.8 72.8 B —FHLTWA, EflNG 100 OFEXA L iy
total 1111 | 1210 1264 | 1232 BE20° 12105 B.80° Ty AFMERSTVS,
kWh/m’y % 35 1ERIORE KBTI 200 4530° L0
Table 4 Comparison of diffuse irradiation with global irradiation at Tateno,Ibaragi
Month 1 2 3 4 5 6 7 8 9 10 i1 12
Global irradiation 261 241 290 298 | 396 301 353 328 282 | 243 203 | 211
Diffuse irradiation 71 100 138 189 197 222 214 219 152 125 78 | 73
Diffuse irradiation,
(Global irradiation) 027 |041 1048 {063 | 050 | 074 | 061 {067 | 064 | 051 | 0.38 | 0.35
Vol.32, No.3 —43 - KB AL F—
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Fig. 12 Explanation of scattered solar irradiance
incident to inclined plane
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Table 5 Ratio of the global solar irradiation per
month for tilt angles 10, 20, 30 degrees to
that of 0 degree and comparison of the
calculated values in 2003

Experimental Theoretical values

values

tilt
angle 10 20 30 10 20 30

°

Jan 1.18 1.37 1.43 1.17 1.31 1.42
Feb 1.17 1.31 1.33 1.10 1.18 1.23
Mar 1.10 1.15 112 1.06 1.09 1.10
Apr 1.05 1.07 1.02 1.02 1.02 1.01
May 1.03 1.04; 0.98 1.01 1.01 0.98

Jun 1.02 1.01 0.94 1.000 099 0.96

Jul 1.07 1.02 0.97 1.01 1.00; 097

Aug 1.03 1.04 0.99 1.01 1.01 0.99

Sep 1.07 1.12 1.09 1.04 1.06 1.06

Oct 1.16 1.26 1.26 1.07 1.12 1.14

Nov 1.19 1.31 1.32 1.13 1.24 1.31

Dec 1.27 1.43 1.45 1.17 1.31 1.41
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Table 6 Calculation values of ratio of global solar
irradiation per month for each tilt angle
to that of horizontal angle taking duration
of sunshine for each month info

consideration (h)

20° | 24° 28° 30° 32° 36° 40°

Jan 182.4| 137.5| 142.6| 143.6] 145.6) 148.6| 151.7

Feb 189.4| 192.6| 195.8| 197.4| 197.4] 199.0| 200.6

Mar | 226.7| 228.8| 228.8| 228.8| 228.8| 228.8) 226.7

Apr 193.3] 193.3] 191.4| 191.4| 189.5| 187.6; 183.8

May | 220.7{ 218.5| 216.3| 214.1] 214.1] 209.8| 205.4

Jun 186.0| 184.7) 131.9) 131.9] 130.5] 127.8] 125.0

Jul 22831 226.0 221.5| 221.5| 219.2| 214.6; 210.0

Aug | 2752 272.5| 269.8| 269.8| 267.1] 264.3| 258.9

Sep 196.2| 196.2] 196.2| 196.2] 1944 194.4; 190.7

Oct 137.8| 139.0| 140.2| 140.2| 140.2| 141.5] 140.2

Nov | 185.9| 139.2| 142.5] 143.6] 144.7| 146.9| 149.1

Dec | 187.9| 193.6] 199.3] 202.2] 205.1] 209.4| 213.7

total | 2260|2272 2276 2281 2277|2273 2256
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Fig. 13 Solar irradiance and module temperatures
of each tilt angle 10° , 30° on May 24 2002
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Table 7 Solar irradiation and PV energy per day
and PV system efficiency

Testing day May 24, 2002
Tilt angle [ ° ] 10 30
PV generating duration [h] | 14.25 14.25
Solar irradiation [Wh/m 7900 7144
day]
PV energy [Wh/day] 16000 16000
9.3+

PV system efficiency [%] 06 10.3£0.6
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Table 8 Solar irradiation and PV energy for 10
days and PV system efficiency

Testing period July 13~22, 2002
Tilt angle [ ° ] 10 30
Solar irradiation [Wh/nd] 52627 47882
PV energy [Wh] 102000 | 103000
System efficiency [% ] 8.9 +011]99 +.1
Mean tempe];ature of module 944 349
]
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Table 9 PV energy per month of each tilt angle 10°
and 30° array system and its ratio in 2000

PV energy per monthl Ratio
kWh/ (m%. month)
Tik 10 30
angle ° (No2) (No3) 10° .~30°
Jan 141 142 0.993
Feb 223 226 0.987
Mar 279 281 0.993
Apr 300 302 0.993
May 334 339 0.985
Jun 267 270 0.988
Jul 340 343 0.991
Aug 356 359 0.992
Sep 246 247 0.996
Oct 198 200 0.990
Nov 145 145 1.000
Dec 163 163 1.000
Total
kWh/m%y 2992 3017 0.992

5ERIC P ALV AT LADEADEEEHERK 13
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