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Construction of an improved simulator that can
calculate the amount of power generation by a
residential photovoltaic power generation system,
taking into account the effect of partial shading

Yuma MIYAGI™ Naomitsu URASAKI™*

By iR I

Abstract

Generally, when a photovoltaic power generation system is installed in a house, we will investigate how much
power generation can be expected. This system is highly dependent on solar radiation intensity, so it is necessary to
simulate under the effect of partial shading. In this study, we verified the operation of the output under partial shading
conditions and constructed a simulator that reflects the effects of partial shading. In addition, using data from late
February to early March, we compared the calculated values in the constructed simulator with the measured values, the
error was extremely small and almost exactly calculated. However, there are days when the calculated values without
considering partial shading agree with the measured values, and the tendency of this problem to occur will be discussed

in the future.
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Fig.1 Equivalent circuit of a solar cell module
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Table.1 Definition of characters and values

in Fig.1 and equations
F1 K1 o WCHENTOLFOER & EE

A4s Ideal coefficient 1.2[-]
C Temperature coefficient 5.999 X 10 [A/K]
£y Band energy 1.12[eV]
1y Output current -
1. Capacitor current -
14 Bypass diode current -
Io Diode saturation current -
14 Diode current -
1 Parallel resistance current -
Iph Photo induced current -
i Diode saturation current at 1.02X107[A]
reference
Tseo Short-circuit current at reference 9. 2[A]
k Boltzmann's constant 1.38X10™*[J/K]
Ns Number of solar cells 60[pieces]
4 Electron charge 1.60Xx107"[C]
Rs Series resistance 7.99%10°[Q]
Ry Parallel resistance 1000[ Q]
S Solar radiation intensity -
S,or | Solar radiation intensity at 1000 [W/m?]
reference
r Solar cell temperature 298 [K]
Trer Solar cell temperature at reference 298 [K]

Va Output voltage -

Va Diode voltage (Applied voltage) -
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Fig.2 Array configuration of PV system and partial shading
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Fig.3 Output characteristics under partial shading conditions
(a) Output voltage (b) Output current and bypass diode current
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Fig.4 Flowchart of the proposed simulator
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Fig.5 Definitions of parameters used to identify partial shading

(a) Parameters for dimensions (b) Parameters for Solar
Azimuth (c) Parameters for solar altitude
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Fig.6 Ambient environment of PV system
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Table.2 Photovoltaic module parameters
2 KBBMES2—LONRT A—H

FHWHOREBEREICEAL T, MoKz BB L2V

Table.4 Absolute error and error rate between calculated values

Parameter Value and measured values without and with considering partial
Cell effective conversion efficiency 18. 4[%] shading for the total power generation at each date
Module conversion efficiency 16. 4[%] #4 FHHORBEERICHT D, HoweBELRD
Nomtinal masinmuun outpat 2701 B & B LA O L EIE L ofRtEsE, @
Nominal maximum output operating voltage 31.1[V] XA
. . ] 8. 69[A] Date Absolute error Absolute error rate
Nominal maximum output operating current - between calculated between calculated
Nominal open circuit voltage 38.2[V] and measured values [Wh] | and measured values [%]
. - Without With Without With
Nominal short-circuit current 9. 23[A] S L . L
considering | considering | considering | considering
External dimensions (W x D) 1657 X 994 [mm] partial partial partial partial
shading shading shading shading
Table.3 Calculated values and measured values without and Feb. 24 286 L, 153 3.9 15.8
with considering partial shading for the total power generation 2 273 873 2.7 8.6
at each date 26 98 1,179 1.0 11.5
£33 BHHOKRBERICHET D, BoEEZE LR 27 1,273 450 10.8 3.8
Yty LB L2356 O R L OSEHIE 28 1,421 4917 11.0 3.8
Date Calculated values of total power Measured Mar. 1 2, 397 264 20. 92 2.9
generation [Wh] values of
Without With total power 2 185 646 6.5 22.6
considering considering generation 3 1, 627 289 12.0 2.1
partial partial [Wh]
shading shading 4 479 503 4.5 4.8
Feb. 24 7,022 6, 155 7,308 5 1, 581 368 13.0 3.0
25 10, 403 9, 257 10, 130 6 1, 378 620 9.7 4.4
26 10, 352 9,075 10, 254 Average 1, 000 622 8.7 7.5
27 13,101 11, 378 11, 828
== RN ‘ﬂf N7 By z (% 7
Mar. 1 14, 244 12,111 11, 847 %Z)H}i;ﬁ b :E/&;L e Egﬁ‘i;
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