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ABSTRACT

A Study on the 30kW Single Phase

Grid-Connected Photovoltaic System

Suck-Jou Choi
Advisor : Prof. Geum-Bae Cho, Ph.D.
Department of Electrical Engineering,

Graduate School of Chosun University

Photovoltaic system is using the clean and infinite energy
source, there is no air pollution, noise and vibration. and PV
system operate without fuel convoy, rotation surface, high
temperature and high pressure, So it is easy to maintenance, long
life cycle, simple installation. Respectively international and
domestic PV market growth over 30% and 40% every year.

Photovoltaic power systems convert sunlight directly into
electricity. A residential PV power system enables a homeowner
to generate some or all of their daily electrical energy demand on
their own roof, exchanging daytime excess power for future
energy needs

While compare preexisted generation of electric power method

ix



with PV system, PV system is more expensive, lower solar
energy density, convert efficiency and depend on the weather and
natural environment.

Both of small size residental PV generation and large scale
power generation plant, as distribution power source cut necessary
for the peak power is increase, through the various government
volunteer system PV system popularization business tried to
promoted.

So, through this paper sets out key criteria that describe a
quality system and key design and installation consideration that
should be met to achieve this goal.

In the present, there is not insured reliability of performance
and installation standards. PV system design standards need for
smoothly material supply and optimal performance.

In this paper, It was suggested that new installation standards
for PV system setup and various simulation was performed. With
according to proposed method, designed for the PV system and
investigated through the simulation practically.

It was applied to the 1 phases 30kW, grid connected PV system
and demonstrated examination in the field. Solar array
characteristics, inverter characteristics, system efficiency,
performance and stability of system were considered. Proposed
optimal design method was studied through the characteristics of

demonstration drive analysis.
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A 28 o] £ EL 2] (2-19)° 93] F3e},
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Table 4-1 Parameter of PV module

Parameter Value
Cell Type Mono crystalline Si
Cell Efficiency 18.9 [%]
Maximum power (Pmax ) 210 [W]
Max. power voltage (V) 41.3 [V]
Max. power current (I, ) 5.09 [A]
Open circuit voltage (Voc ) 50.9 [V]
Short circuit current(Isc) 5.57 [A]
Module Efficiency 16.5 [%]
Module Size 812%1570 [mm]
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Table 4-2 Parameter of inverter

Parameter Single-phase Three-phase

Model GT3.0 PV30
Nominal AC power 3kW 30kW
AC frequency 60Hz 60Hz
Nominal AC Voltage 240V ac 208V ac
Maximum AC Line Current 14.2A 94A
Line power factor >0.9 >0.99
AC Current Distortion <5% THD <5% THD
Peak inverter efficiency >95% >95%
Minimum MPP voltage 195V e 330Vpc
Maximum MPP voltage 550Vpc 600Vpc
Night time tare loss 1w 30W
Weight 20kg 118kg
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Fig. 4-1 I-V characteristics curve of PV module

Table 4-3 Simulation Results

Parameter Value
Maximum power (Pmax ) 210.2 [W]
Max. power voltage (Vi) 41.18 [V]
Max. power current (I, ) 5.10 [A]
Open circuit voltage (Voc) 50.895 [V]
Short circuit current(Isc) 5.57 [A]
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Fig. 4-2 1-V characteristics curve at difference irradiation
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Fig. 4-3 Output power characteristics curve according

to variation irradiation
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Fig. 4-4 1-V characteristics curve according to

variation temperature
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Fig. 4-5 Output power characteristics curve according

to variation temperature
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Fig. 4-7 1-V characteristics for two cells in

parallel connection
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Fig. 4-8 Output characteristics by array configuration
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Fig. 4-9 Configuration and connection of PV array
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Fig. 4-10 Shading situation and characteristic

curves with seres connection
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Fig. 4-11 Shadow effect with array distance
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Fig. 4-12 A monthly PV generation value at the azimuth angle
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Fig. 4-13 A yearly PV generation value at the azimuth angle

Table 4-4 PV generation value at the azimuth angle
0° -10°| -20°| -30°| -40°| -50°| -60° | -70°| -80°| -90°
wbA ek | 41,044 40,966 40,674 40,163 39,478 38,647 37,687 36599 35,432 34,207
u] & 100%| 99.8%| 99.1%| 97.9%| 96.2%| 94.2% 91.8%| 89.2%| 86.3%| 83.3%
0° 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° | 90°
wbA ek | 41,044 40,932 40,602 40,059 39,3461 38,494 37511 36,419 35,237 34,021
v & 100%| 99.7%| 98.9%| 97.6%| 95.9%| 93.8%| 91.4%| 88.7%| &85.9%| 82.9%
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Fig. 4-14 A monthly PV generation value at the tilt angle
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Fig. 4-15 A yearly PV generation value at the tilt angle

Table 4-5 PV generation value at the tilt angle

Date 0° 10° | 20° | 30° [ 40° | 50° | 60° [ 70° | 80° | 90°
Jan. 1,866| 2,250 2,578 2,841 3,031] 3,144| 3,177 3,130 3,003] 2,799
Feb. 2,272 2578 2,824 3,001 3,108 3,140 3,097 2,980 2,792 2,536
Mar. 3,168 3,400] 3,557| 3,637| 3,636 3,556 3397 3,165 2,863| 2,500
Apr. 3,725 3,833 3,863 3,814| 3,688 3,490 3,222 2,890 2,502 2,070
May. 4275 42951 4,232] 4,085 3,863| 3,576 3,220 2,805 2,360| 1,891
Jun. 3915 3,896 3,801 3,632| 3,398 3,109 2,762 2372 1,969] 1,560
Jul. 3,369 3367 3,298 3,162| 2,966 2,721 2424 2,086 1,733] 1,367
Aug. 3491 3552 3,540| 3,457| 3,308 3,096 2,823 2,495 2,122] 1,730
Sep. 4323 45301 4,648] 4,675 4,611 4457 4,215 3,888] 3,481| 3,002
Oct. 2,899 3,201| 3,430 3,582 3,653 3,643 3550 3,378 3,129 2,808
Nov. 1,770] 2,091 2360 25701 2,716] 2,794] 2,802 2,739 2,608 2,410
Dec. 1,625 2,000[ 2,324 2,588 2,784] 2,908| 2,957 2,929 2,826| 2,648
SUM | 36,698 38,994| 40,456 41,044| 40,762| 39,633| 37,646| 34,857| 31,386| 27,320
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Fig. 4-16 Electric characteristics curve
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Table 4-6 Characteristics of PV

system

PV array
output
[kWh]

Inverter
Output
[kWh]

PV array
efficiency
[%]

Inverter
loss
[kWh]

PV system|
efficiency
[%]

PR
[%]

=+

4

| A

e i s

e ey

%+

4

| A

2225\ 2226

2072 2076

14.62| 14.62

153.8| 151.2

13.61| 13.64

0.812| 0.814

2741 2742

2563| 2568

14.59| 14.6

178.6| 174.4

13.64| 13.67

0.814| 0.816

3273| 3274

3060| 3067

14.41| 14.42

213.7| 208.5

13.47| 135

0.804| 0.806

3473 | 3474

3245| 3253

13.95| 13.95

228.1| 222.6

13.03] 13.06

0.778| 0.779

3286 | 3287

3062| 3067

13.67| 13.68

2246\ 2214

12.74| 12.76

0.760| 0.761

3025| 3025

2814| 2819

13.36| 13.37

212.7| 209.9

12.43| 12.45

0.742| 0.743

2422\ 2422

2238| 2239

13.05] 13.05

184.9| 185.5

12.06| 12.06

0.719| 0.720

2482 | 2482

2299| 2301

13.07| 13.07

183.8] 183.3

12.11| 12.12

0.722| 0.723

2729 2730

2544\ 2549

13.44| 13.44

187| 183.7

12.53] 12.55

0.747| 0.749

2777\ 2778

2591 | 2597

13.88| 13.88

186.8| 183.3

12.95| 12.97

0.772| 0.774

2009| 2010

1866 | 1869

14.15| 14.16

143 | 141.6

13.15] 13.17

0.785| 0.786

1859| 1860

17241 1726

14.35| 14.36

135.3] 134.6

13.31] 13.32

0.794| 0.795

3230032310

30078|30131

13.84| 13.85

2232.4| 2200

12.89] 1291

0.769| 0.770
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Output power [kWh]

PV array Output power [kWh]
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3000
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Fig. 4-18 A monthly PV generation value
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Fig. 4-19 A monthly PV array efficiency value
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Inverter efficiency [%]

Global inverter loss [kWh]

94

93 ~
92 ~
91 ~
—— Single phase inverter
—— Thre phase inverter
Fig. 4-20 A monthly inverter efficiency value
250
200 -
150 +
100 +
50 - —— Single phase inverter
—— Three phase inverter

Fig. 4-21 A monthly global inverter loss value
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PV System efficiency [%]

Performance ratio

14.0

—— Single phase PV system
13.5 —— Three phase system
13.0 -
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Fig. 4-22 A monthly PV system efficiency value
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Fig. 4-23 A monthly performance ratio value
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Junction box

- Utility
Monitoring system

Fig. 5-1 Configuration of 30 kW PV system
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Fig. 5-2 Distribution diagram of PV system
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Fig. 5-3 30kW Photovoltaic system
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1. B FAA ofd o]

Aol 30kW elFBBAA=DE FAsdc AFAA BES A

Table 5-1 PV module and array parameter

Maximum power (Pmax) 210W
Max. power voltage (Vmp) 41.3V
Max. power current (Imp) 5.09A
Open circuit voltage (Vmp) 50.9V
Shot circuit current (Isc) 5.57A
Warranted minimum power (Pmin) 199.5W
Output power tolerance +10/-5%
Maximum system voltage 600V
Temperature coefficient of Pmax -0.30 %/C
Temperature coefficient of Voc -0.127 V/C
Temperature coefficient of Isc 1.67 mA/C
Cell Efficiency 18.9%
Module Efficiency 16.5%

_86_



THExE E 2.94KW
low) 12

7E X2 E 2.94KW
1ow) 22

THEExE E 2.94KW
1ow) 32

THExE E 2.94KW
low) 42

7E X2 & 2.94KW
(1ow) 52

Dimensions and weight
798 35

0

unitt mm

>
)

B

Ja b )
«fa i [26] LN T O
i - 80%

{_Front |

Weight: 15kg

oo olo oo ol B olo oo olg
e e GHE: T 7 RiE: i a5
R o[o alo o 5 olo oo o[o
oo g qe 0] I o T g
oo o[o oo ol o olo oo oo
e i HiE: T 7 RiE: i og
g olo oo ol o oo oo olg
oo g T 7] I g T an
oo olo oo ol o olo oo olg
e e GHE: T 7 RiE: i a5

Fig. 5-5 Connection diagram of PV module
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Fig. 5-6 Front and back side of PV array
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Table 5-2 Parameter of inverter

Maximum AC power output 3000W
AC voltage 211~230Vac
AC frequency 60Hz
DC input voltage range 195~600Vdc
Peak power tracking voltage range 195~550Vdc
Current THD <3%
Peak inverter efficiency >95%
Night time tare loss 1w
Weight 20kg
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Song-ak 30kW PV° ation System

ad b @l sorar TRRADIANCE
* 2 W
*
*
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PV TEMPERATURE

0.0 DEG. C

Fig. 5-8 Main screen of PV monitoring system
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Fig. 5-9 PV array power characteristics at 1kW
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Fig. 5-10 PV array power characteristics at 2.8kW
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Fig. 5-11 Inverter output voltage waveform
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Fig. 5-12 Inverter output current waveform

_96_




Current Gate pulse

Gate pulse
(zoom in) (zoom in)

Current

Fig. 5-13 PWM output voltage and inverter current waveforms
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Fig. 5-14 Inverter output current and FFT anaysis
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Fig. 5-15 Output voltage and current waveforms for Inverter at 1kW
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Fig. 5-16 Output voltage and current waveforms for Inverter at 2.8kW
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Fig. 5-19 Output power according to variation irradiation
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Fig. 5-20 Inverter efficiency by months
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Fig. 5-21 PV array conversion efficiency by months
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Fig. 5-22 System generation efficiency by months
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Fig. 5-23 Utilization ratio by months
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Fig. 5-24 Performance ratio by months
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