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ABSTRACT

Efficiency Improvement of

Photovoltaic Systems Using Micro Inverter

Kim, Ki-Hyun
Advisor : Prof. Geum-Bae Cho, Ph.D.
Department of Electrical Engineering

Graduate School of Chosun University

The photovoltaic system is generally classified with the stand-alone photovoltaic
system or grid-connected photovoltaic system. The distributed power generation
system such as the photovoltaic system is normally connected to the grid system
through the grid-connected inverter. The photovoltaic system is a clean energy
source which can be available infinitely, and has a load leveling function as the
distributed power generation system in the summer season of peak load. Because
of the energy, recent photovoltaic system generates industry electricity and is used
in the larger scale system. As the larger photovoltaic system's capacities are
expanded, the higher reliability and efficiency are required to harvest much more

energy.



Renewable energy resources are becoming an important part of a power
generation in the recent years. In addition, they assist green house gases in
reducing the emission. Also, by decreasing the dependence on fossil fuels, the
renewable energy resources add flexibility being needed to the energy resource.
Due to the fact that photovoltaic system’s modular characteristics, they can be
installed easily and located to users closely, so the system has the great potential
as the distributed power source to the utilities.

The residential PV system adopts String PCS that is connected in series to a
solar cell module which is in charge of the power conversion apparatus. However,
if it 1s applied the micro PV inverter system which can be operated individually,
efficiency for the equipment can be improved Also, when one inverter breaks down
or maintain, another inverter operates so the loss of energy can be reduced.

In this paper, the micro-inverter type power generation is adopted, which 1is
commonly applied to PV inverter method. The efficiency of the micro—inverter type
was tried to verify by comparing the power performance under the same

conditions.
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A. Power Conditioning System
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Fig. 14 Grid-connected PV system



I

o

R

ol

4

A
!

1

=]
=

o] 7=

=4

[e)
A7 7], AR 7,

ERPY
.7

DA

7E=A
Alol AR

-

T

!
=, A9A

°©

J

Pas
A PCS 7|so] =i 9o 19 15

=

A

A
!

q 7]

[e)

=

o~
=
2k,

A A7

3] Bl AE ]

[e]

<]

E

49
e

o

) <2-of]

A PCS 7)<

2ol 7§ New-Topology &
olg WAk
7bsshAl = At

il

A7 25 2F, AL A A o | A

b e

=
=

8 A

—_

d o

X
es

PCSe] o

Fig. 15 Applications of Power Conditioner

o

T
—_—

2. PCS9] 7]

ol
Mo
el

ki3

71 4l

o AEd AA 7
19

T

=]

stol PCS Wi

S

1 9

z9s



=
i

Al 7]

Xé X]

=

=

,,}741/]. ?ltﬂlﬂ

[

det 20
o] o] WMAHE 270l

2]

S

)=
RL

A]'701'L:_7}— %m

o] }6]' o]

W, AZo|} PCSo

oy o
w0 ,E% = = W
DT e Nr iy ol
" p < N H
W do T E N T oW T T
TS iR dp ol — gk s W & g
o o A = = O — ) TR e O ~ 2 1r
LomE = Ty E%ﬂgﬂpm%@.
00 T = J = o) Ik Eh R . o 2
= 4 5T TR M&zoﬁ_m%%m@zﬂw
T O s OF " = X X & ; B W o = ™
B ‘ur:‘_ o X T ,.m T OT Ay MI i) ;& = a, LJL _ _&E
m X ar 1) g X 5 OF - X N L
* TR I T SN g A
= B W % -~ W E W o T M E n
T % o oReN moe X £
g ; ;ow X R EH Rl ) ° 0 =
Oy o O ) B owe B o o~ °° T <IN G
— ,ﬂl — ,ﬂl — :H ~ . o X <) M = "
< W o = 1o = X—= o= - BT ~N "o
;.I;l l foxgl] OE = 10 o % iy X T Mw
o = my o ° X o o o oA ) !
e mﬁuou W - = o N o o)« ~ L Wu o B < o
of [ Eoﬂmmﬁ mﬁw,ﬂlﬂurmM@HT
4 X K = T T W o B w2 T L )
s ar CO ° I ST I o= oy X
] el o oA w % oy 0 _ = P " of =0 ™
o < < R o okl O o D T o B
IR A = 9 %X ﬂ@é@%%é%&qba
— T T T —_— ﬂAl ﬂAl 0
= AL R mL N ’ mw Y o oo o v W %o s
ST s 5 50 wﬂémi T N
i — 0 0
ﬁa%mqﬂo%ww ﬁéﬂﬁ%ﬂ@;@%
M%oﬂioé < 5omT = = o ow g 0N
~ < %e T X X © oo - T o N A Wl {0 A
o T ox %ﬁrﬁr%ﬂ%is ~ = 29 =37
© oo WL A T W RO 8
A O B ow oo o L R Bk
R ﬁ?ﬂlﬁw T o e MR O
_ ny - % = Tl A ~X - Mo S = 3 N = = T pm
K- N M vy - R° ‘ﬂﬂ o ! Zl Eo e = ,Hol ‘;L . _&E 0
o T oy o R Nz FE T e 5o N
Y SISOER SRS SRS X
S CICH o 2w MW N I
B N ~0 o %W Po n < s = T 5 T M
CS M Iy ~ ~ =
of - ) E.* Eo BN i) v _
W:A 1 f‘ﬂ O.f ~ OL % ,mﬂ o)
Moox B g B W
SE S

Aotk [12]

-

R

}

S

20



B. PCS¢ § X0 w

upebA MIC

(Module Integrated Converter), 2~E & (String), B E] 2=E & (Multi-string),

(Multi-Central) SIHEH=Z

2% ° DC-AC

MIC+= PV EEo|

btol

S

-
T

tH, 2 MIC

DC HjAd o]

-
T

3 @A gelth weba MIC

=
S

|

A

el

AW H e PV

HEAl O 2 R

¢}

}1\_]__

il
)

—

—_—

0

e
<

=5
=

2l R

o)

Aol ey A

o
olo
el
M
)

Mo
[N

WEHZ A5 gloiM 7 H

|

o

]

1:)_[-0

o
Mo
N
el
pal
T
X

N

dol AH, w2

Y
|,

3

< AW Eel A

w9l A7H o

| HlEs =<

AHEE ARGt ER Z7] dx

AT T
7ol qlrh

= Ao

7F 7+

s

=
o

“ERE!

(o) 1)
&

R TR

2&4e]

3

Mg ol

EE

i
=
A

Ao

el A

Aol

- =
L

[e))]
AN

3} ¥a1

B
=

o eIt 7

)

3 A

==
™

T
T

H

PCS

o

Z3

AR E

AECRICREE S

Fig

S

d

7l

AL

’

=
o

3

A

21



Table 1. Classification of the PV system inverter topology
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(50~400w) (0.7~4kW) (4~100kW) (50~500kW) (500kWeo]4H)
Q
© 1AL N R A e
T
AC modules 5 e ety it
e WE\ immnc-ut ‘ .
A Al \-
A3 snuli},' iumnc—uz DHE§
APALALA | yrid | ﬁ)ﬁ% , i
:F_ ' - ‘ ‘ — ﬁ ‘\ EMFPT‘IIC—HE i ‘ :
-String®.& ©
-7}7}e] PV _ -String B & e E] -Central <14
- -PVEEC] A Folxl PVEE |
=l A&z - ﬁ o] A4z H - HE Hygs
AR 7 42 A4 gz o7 o] d¥ WY oA
1TH = i 0375 =
- 2 F 83| -8 -2 7d | A4 258 3| Central FXF
. | MPPT, MPPT DC/DCHHH | ve] oz # | 5 nd ¥
- ® B ¥ -EE T AS R ad | FEe "l | gR Aad
2]
® | DC/ACSIME | DC/ACQIHE | DC/AC <18 | DC/AC <IWE | &8 2 A%
A of A of B Ao A of g
_ — I =3}k
S wed an -xo) Axug| o O
A E e M & o
N o | Al String® | A
A | -DCHld & | &9 dig g oz _qaE e s e R o
& T A | o Oﬂ -ﬁ—
_= 29
o &E;%?eaw AA Ao 2% A o A
— * — * - B
yul L‘HL"!O o \__'_l] 31 HOP/SLQE TI—X] T] 7_]}\4121] 17]_
| gl = | W - e BErbe
o LSO

22




1. Module-Integrated &7 "4

aig

Ton

il
)

Tz 77t mEAA Ay 48 Ao

Inverter

Fig. 17 AC Module-integrated

Fig. 16 DC Module-integrated type

type PV system

PV system

2. String A 42

A Ego] AER ddEf QIWE A4

19 182 String ¥

)

o oyx Feol

S

=
o

el A Aol EHAl0i7} 7}

=
=

olo
N

ruze]

s

P o] 1W<

)
pul

A AHo = A

3ol

Aol

the

23



PY String

Inverier
F —

Inverter
r -
Inverter

- =

Fig. 18 String type PV system
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C. Micro Inverter

1. Micro Inverter

H Bldd AW He ZEEQIEE EER oldste WAool 5a glow, oelgh
W22 Micro Inverterg 483k A whao]t}h. Micro Invertert]-$- Hd 41 &€
Ak Awal 25 HE FE F o] ¥ =2 E&5 7lesshA gk

29 212 Micro Invertere] 2 dgle 322 Uebd Aoltk. Micro Inverteri=

153 DC link EZ2X4 ¢ 7Y DSPHAEEeE A &3to] A Fal HY s &=
E 2945 9% A4 7MAFIgFAlolE AAlgt

Micro Inverter7} Z}7he] EjFd EEvict & QAW E7E dAdH a1, ol& T3l =4
Q1 MPPT &% o] 7}s3}e]

of
ol

bo] nEE, e A4
play 71502 Q% AAek FARFA o] 4 seviee] MRS A ol
3 Ee £29 Asg AHgn Feol Ao Axde ouA oS s

=L A~
g 5 9l

Y

HF
DCc/DC

JiER
|
[ 2

PV

Fig. 21 The Micro-Inverter Operation Principle
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IV. Al EdolA & 43 A%

Table 2 Hourly temperature in Gwangju area

71=[C]

A6 | 7|89 10|11 |12 |13 |14 |15 |16 |17 |18 |19 |20 | 21

4-18(12.6|12.8|13.3113.1|13.7|146|15.2|15.2| 16 |18.2|18.5|175/16.2|146|11.5| 9.8

4-191 54|52 163 | 84|105(129|14.2]/152|16.4]16.4|17.4/16.5/15.4|14.1|12.1|10.9

4-20194 1927871159 |52|61|66|71|74|73|67|61|57|58]|56

4-21149 |51 ] 5 |69 |82|99|11.8/135|14.3/15.3|15.2|14.8/13.9|13.5|11.7|10.5

4-22| 45|42 14874 /103|13.7] 16 | 17 |18.7119.2|19.2|19.7|20.3|17.3|15.4|14.5

4-23|11.7|11.3| 85| 87|89 | 9.3 | 9.7|10.2/10.3/109|11.5|129|14.314.3|149| 15

4-24110.6/10.3110.5/109|11.7|13.315.6|16.2|17.5/17.5|185|18.1|17.3|15.8|14.2|124

4-25| 7 | 6568|7884 (123] 12 |11.6| 11 [11.1|11.9/125/13.8|14.1|129|11.2

4-26| 6.1 | 59| 71|98 |122|145] 16 |169| 17 [174|182]174|17.1]16.7| 15 |13.1

4-271 68 | 6.7 76|97 |119|1441169]19.3|196|18.8|185|16.9(14.7|11.8| 12 |126

4-28110.3110.2]11.614.7|17.5|19.1121.4|21.6|22.4|22.4|23.6|23.2|21.6|19.9|18.6|17.8

4-29(169|17.3]17.8/18.4|185|19.3|17.2|16.7| 15 |14.1|13.6|14.2|146|14.9]14.1|134

4-30| 77|76 |79 |84 |11.4|13.2] 14 |18.8|19.9(20.3|20.4|19.7|18.7|17.8|15.7|14.1

5-01169 68|77 9 |115/13.3| 156 |179]184|182|18.2|19.4|188| 17 | 15 |13.5

5-02) 9.1 | 87|88 ]109| 13 |14.3|16.2|18.9|18.8| 19 |18.5|18.5|18.216.8|15.5]|14.3

5-03| 79| 8 | 86]83]103/125|16.4|17.2119.5/19.9/20.2|18.8/17.11155|13.9| 13

5-04/10.3/10.5/10.8| 13 | 14 |155|16.9| 18 | 9.1 |20.6/20.2|19.7/19.3|184| 17 |15.3

5-05( 83|79 ] 9 | 11 |135| 17 |19.2|21.4|23.2|23.7|23.9|23.5|225|21.1|194|174

5-06] 95| 87194 1134|175|19.2121.3|225|24.1| 25 |255|24.9|23.8|22.6/19.9|174

5-07| 12 |11.8]12.8] 15 |17.3|19.8|21.4|23.6|25.2|26.3|26.8|26.7|24.3|22.8| 21 |194

5-08[12.5|12.2]13.8115.9|17.8|20.2|22.8|24.5|26.8|27.6| 29 |28.1|27.3|26.2|22.9|20.5
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Table 3 Hourly solar radiation in Gwangju

= A [w/m’]

A2} 6A] | TA] | 841 | 9A |10A] [11A] 1241 | 13A] | 14A] | 15A] [16A] [ 1741 | 18AT | 1941 | 2041
4-18| 0 | 83| 31 | 118|242 | 373 | 539 | 708 | 786 | 692 | 547 | 375 | 200 | 47 | O
4-19| 0 | 50 | 223 | 434 | 620 | 756 | 853 | 834 | 845 | 742 | 547 | 405|211 | 50 | O
4-201 0O 0 8 [ 256|588 ] 92 119|252 97 | 113] 50 | 36 | 22 | 5 0
4-21| O | 53 | 223 | 425|631 | 789 | 887 | 906 | 878 | 786 | 617 | 397 | 205 | 658 | 0
4-22| 0 | 64 | 242|453 | 653 | 798 | 887 | 911 | 836 | 795 | 631 | 425|158 | 38 | O
4-23] 0 0 [29]167] 47 | 58 |8389|105| 83 | 80 | 47 | 36 | 11 | O 0
4-24| 0 | 11 | 45 | 147 | 328 | 720 | 870 | 839 | 864 | 786 | 647 | 464 | 247 | 61 | O
4-25| 0 | 14 | 50 | 213 |545|623 | 319 | 86 | 55 | 127|164 | 316 | 208 | 75 | O
4-26| 0 | 67 | 247|450 | 631 | 787 | 878 | 911 | 881 | 795 | 656 | 469 | 264 | 75 | O
4-27) 0 | 73 | 228 | 398 | 567 | 737 | 822 | 808 | 369 | 152 | 91 | 52 | 50 | 8 0
4-28| 2.9 | 69 | 212 | 378 | 503 | 673 | 811 | 783 | 795 | 739 | 631 | 378 | 233 | 68 | 0
4-29| 0 |56 |41.7] 50 | 47 | 17 | 25 | b5 | 36 | 33 | 72 | 102 | 111 | 41 | 29
4-30| O | 42 | 156 | 406 | 592 | 698 | 828 | 822 | 853 | 750 | 656 | 469 | 272 | 83 | 2.9
5-01| O | 81 | 245|470 | 648 | 789 | 834 | 920 | 806 | 636 | 672 | 425 | 283 | 50 | O
5-02| 0 | 69 | 253 | 475|639 | 801 | 839|914 | 653 | 781 | 558 | 450 | 252 | 72 | O
5-03| 0 | 78 | 101 | 356 | 623 | 773 | 806 | 761 | 789 | 414 | 380 | 261 | 69 | 38 | O
5-04| O | 81 | 265|470 | 637|739 | 808|786 | 836 | 792 | 656 | 472 | 266 | 83 | 2.9

5-05| 2.9 | 87 | 275|480 | 660 | 804 | 897 | 925 | 903 | 817 | 672 | 489 | 289 | 97 | 0
5-06| 2.9 | 95 | 295|495 | 680 | 8304 | 834 | 906 | 870 | 786 | 611 | 447 | 280 | 88 | O
5-07| 0 | 67 | 213|369 | 570 | 698 | 792 | 828 | 800 | 714 | 567 | 405 | 227 | 58 | 5.7
5-08| 5.6 | 107 | 186 | 389 | 610 | 713 | 783 | 834 | 878 | 764 | 644 | 461 | 258 | 72 | 2.9

2. HY AR RE

AEdold 2 AP AHEE HYAA BES A AF 23 YA 1000w/m’,
AM 15, €% 25Co] A Pyw 2500W], Vap 3046[V], Iyp 8.21[A], Voe 36.78[V], Isc
8.93[AISl Bl A BE 4/HE AR&Stlon, 24719 EEd e aHAVE A7A &=
= A5k

# 4 A0 A4H HPAA BES Feny g e,
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Table 4 Solar array parameters

Parameter Value

Peak Poewr (Ppay) 250[W]

Maximum Power Voltage (Vi) 30.46[ V]

Maximum Power Current (Inp) 8.21[A]

Open-Circuit Voltage (Vi) 36.78[ V]

Short-Circuit Current (Is) 8.93[A]
Maximum System Voltage 1000[VDC]

STC : 1000W/m’, AM 1.5, 25C Cell Temperature

Dimension(W=*L#T):1628mm#982mm#*40mm, Weight 19.0 kg
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Fig. 23 CAD drawing of the array

[Monthly Report Year:2013 Month: 4] . Shadow Effect OFF Number of Inverters 1

Temp CharacteristicON || Parallel x Series 1x 4
Meteorological Data [Use Measured Data] Facility Capacity 1.00 gy
Country KOREA Inverter Efficiency 0.950
Area KWANGJU Reduction Coefficient 0.950

Fig. 24 Condition setting screen
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Table 5 Power output of central type

[w/m"’]
10A] |[11A]| 12A] |13A] [14A] |[15A] | 16A] [17A] | 18A] |194] | 204

¥

o
X
gl

0
0

0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0

0

0

0

0

0

0

20

10

0

90 | 80 | 70 | 40 | 30

40 | 30 | 30 | 60 | 90 | 90

80

20

10

80 | 308 | 310 | 230 | 80 | 100 | 40 | 30

40 | 50

40

9]

100 | 210 | 320 | 460 | 590 | 640 | 570 | 346 | 320 | 170 | O

20

10

130 | 290 | 600 | 700 | 710 | 680 | 630 | 530 | 390 | 210 | O

40

320 | 540 | 640 | 650 | 620 | 630 | 350 | 320 | 220 | 60

84]
20

200 | 390 | 540 | 630 | 690 | 710 | 680 | 610 | 460 | 350 | 180 | O

0
200 | 380 | 550 | 670 | 730 | 730 | 710 | 640 | 520 | 340 | 180 | O

220 | 410 | 560 | 660 | 710 | 720 | 660 | 630 | 520 | 360 | 130 | O

0
40

340 | 540 | 670 | 700 | 700 | 660 | 590 | 480 | 280 | 70

220 | 400 | 650 | 650 | 700 | 720 | 700 | 647 | 540 | 400 | 230 | O

200 | 350 | 490 | 610 | 660 | 640 | 310|130 | 70 | 40 | 40

180 | 330 | 430 | 550 | 630 | 610 | 620 | 580 | 500 | 310 | 190 | O

30

140 | 360 | 510 | 590 | 680 | 650 | 670 | 600 | 530 | 390 | 230 | O
220 | 420 | 560 | 650 | 710 | 720 | 640 | 530 | 550 | 360 | 240 | O
230 | 420 | 540 | 660 | 710 | 710 | 540 | 620 | 470 | 380 | 210 | O

90

230 | 410 | 540 | 640 | 650 | 630 | 690 | 620 | 530 | 400 | 230 | O

260 | 430 | 560 | 640 | 680 | 680 | 650 | 600 | 480 | 360 | 230 | O

180 | 320 | 480 | 560 | 620 | 630 | 610 | 550 | 450 | 330 | 190 | O

160 | 340 | 500 | 570 | 610 | 660 | 650 | 570 | 490 | 370 | 210 | O

7A]

0
40

10
40
50

0
10
80
60
60
60

0
30
70
60
70
70

700 | 250 | 420 | 560 | 650 | 700 | 700 | 680 | 630 | 530 | 400 | 240 | O

80
50
90

0
0

0
0

A

e

U=} 64

4-18| 0

4-19| 20

4-201 0O
4-21
4-22

4-23| 0

4-241 0

4-25) 0

4-26| 0

4-27) 0

4-28| 0

4-29| 0

4-30| 0O
5-01
5-02

5-03] 0

5-04| 0

5-05| 0

5-06| 0

5-07| 0

5-08| 0
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Table 6 Daily average power output of central type
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Table 7 Hourly Average power output of central type
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Fig. 26 Hourly Average power output of central type
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Table 10 Hourly average power output of applied Micro-inverter

Output]w]
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Fig. 31 Hourly average power output of applied Micro-inverter

38

22



29 32& BFAY dY WFRAF, 19 3L FFA Ad Fwd
Hlal gk Zolty. Micro Inverter 27 2jo] Central 'E7 2ol H]ske]
b = SR Aol =& A Micro Inverterg 283k 2 whA o

) 2~
& EA THES ' o5 U
700
850 -} —@— Daily average power output of Central type
600 _] —m — Daily average power output of applied Micro-inverter
550
500 ] P /0 - -
450 P
400 ] e g >
] - > >
= - s T
= 350 o= i N/ p—
£ 300 ] ‘/ -
S ]
250 ¥
200
150
100
50 *
] -
o | S B RN R R st s I B LR RS SRES SLLU TR SR ST SR R s ts et DGR NSRRI INLER BER |
WD D A AR P AR P AN P P oS, S, S o oF, 5, 8 SN
Day
Fig. 32 Compared to the average daily power output in Gwangju area
1000
000 _‘ —m— Hourly average power output of Central type
4 —&— Hourly average power output of applied Micro-inverter
800
700 —_
E *—o___
600 | & e e g
i /-/ et e
= 500 — > e ‘\
2 400 /' T, B
= i ‘/ \
© 300 /- e L
_ ’/
200 1 /- \-\
o] - P
-100 T T o T ol T T T x T E T o T * T ¥ T * T - T ¥ T o T " T T T ¥
4 5 (5] 4 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Time[H]

Fig. 33 Compared to the average hourly power output in Gwangju area
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