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Thesis Title Analysis and Evaluation of Energy Losses in 2MW PV

On-Ground Power Plant

Name - Surname Mr. Keattisak Phunjumpa
Program Electrical Engineering
Thesis Advisor Associate Professor Boonyang Plangklang, Dr.-Ing.
Academic Year 2018
ABSTRACT

The government has launched several polices to support PV Power Plants which leads to the
improvement of the PV Power Plants. Most PV power plants are selling the electricity to the PEA’s
grid. Therefore, the performance analysis and evaluation of energy losses in PV power plants are
also required. Typically, the computer programs are used to improve the efficiency of the analysis.

The objectives of this thesis are to analyze and to evaluate energy losses of a 2 MW on-ground PV
power plant, which the power was delivered to the grid between 06.30 AM and 18.30 PM. The evaluation
results of the PV Power Plants were compared with the simulation software PV System Design
program in order to evaluate the losses of various parts in the system. The evaluation losses were
calculated as a percentage to simply estimate the improvement of the losses of PV power plant.

From the evaluation of the losses and analysis of the efficiency of the PV power plant,
the efficiency was about 72.17%. The loss was mainly due to the high temperature of the PV panel
which was a major factor affecting the efficiency of PV power plant. Due to the heat, the PV panel
efficiency decreased as well as the equipment of PV power plant. In addition, when the results of
the analysis were compared with the simulation results, it was found that the efficiency of the

simulation was lower than PV power plants by 6.62%.

Keywords : analysis and evaluation of energy losses, PV system design , PV power plant
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Grid-Connected System: Simulation parameters

Project : Grid-Connected Project at Ban Mai , Ayutthaya (BhangChak)
Geographical Site Ban Mai Country  Thailand
Situation Latitude 14.39° N Longitude 100.51° E
Time defined as Legal Time  Time zone UT+7 Altitude 4 m
Albedo  0.20
Meteo data: Ban Mai  Synthetic
Simulation variant : JA solar 330Wp,SMAS00Kw,Pitch7.5m,Tilt10
Simulation date  19/02/18 10h57
Simulation parameters System type  Unlimited sheds
Collector Plane Orientation Tit 10° Azimuth  0°
300 Sheds Pitch 7.50m Collector width 595 m
Inactive band Top 0.00m Bottom  0.00m
Shading limit angle Gamma 0.0° Occupation Ratio (GCR)  0.8%
Shadings electrical effect Cell size 156cm Strings in width 3
Models used Transposition Perez Diffuse  Perez, Meteonorm
Horizon Free Horizon
Near Shadings Mutual shadings of sheds  Electrical effect
PV Array Characteristics
PV module Si-mono Model JAMG(R)-72-330
Original PVsyst database Manufacturer JA Solar
Murmber of PV modules In series 20 modules In parallel 303 strings
Tatal number of PV modules Mb. modules 6060 Unit Nom. Power 330 Wp
Array global power MNominal (STC) 2000 kWp At operating cond. 1799 kWp (50°C)
Array operating characteristics (50°C) Umpp 672V Impp 2678 A
Taotal area Module area 11747 m? Cell area 10818 m?
Inverter Model Sunny Central S00CP XT
Criginal PVsyst database Manufacturer SMA
Characteristics Operating Voltage 596-850 V Unit Nom. Power 900 kWac
Max. power (=>25°C) 880 kWac
Inverter pack Nb. of inverters 2 units Total Power 1800 kWac
PV Array loss factors
Array Solling Losses Loss Fraction 2.0 %
Thermal Loss factor Uc (const) 26.0 Wim*K Uy (wind) 0.0W/m?K/ m/s
Wiring Ohmic Loss Global array res. 5.7 mOhm Loss Fraction 2.0 % at STC
Module Quality Loss Loss Fraction 0.1 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.50 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(l/cosi-1) bo Param. 005
System loss factors
AC wire loss inverter to transfo Inverter voltage 405 Vac tri
Wires: 3x2000.0 mm* 106 m Loss Fraction 1.2% at STC
External transformer Iron loss (24H connexion) 2954 W Loss Fraction 0.1% at STC
Resistive/Inductive losses 0.8 mOhm Loss Fraction 1.0% at STC
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AAIAUNITN 3.1

Temp Eff =1+ Temp Co.of Pm*(Tc - 25) (3.1)
Tc-Ta= (218+823Kt)*(NOCT-20)/800 (3.2)
Taii
Kt=H/Ho

H : Total radiation (kWh/m2)

Ho : Extraterrestrial radiation (kWh/m2)
0 <Kt<0.3: Very cloudy sky

0.3 <Kt <0.7 : Partly cloudy sky

Kt> 0.7 : Clear sky

NOCT (°C) =45°C

Temp Co. of Pmax = -040 (%/'C)
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AMANUGUTONAITU = NaUd1 — NaIIUDN (3.4)
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H;
TotalEfficiency= Gsre x( Pou DC x100) x (% Loss. ) x System (3.6)
(g xVg xT(KWh)) " P_ v
NWerc
Lﬁ'ﬂ
Hi = Total Horizontal irradiance on array plane (Wh/m”)

GSTC = Global irradiance at STC (W/m2)
Idc = DC current (A)

Vdc =DC voltage (V)

T = On time

NWSTC= Nominal Power at STC.

Pout  =Power output DC

Pin =Power input DC

%Loss = Inverter efficiency

System = Loss other
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Actual
Contract Target
Performance
Today's Energy Production (kWh) 8,803 8,717 4,937
Installed Capacity (MW) 2.00 2.00 2.00
Average Solar Irradiation (hour*) 5.05 5.00 5.05
Today's Revenue from PEA (Baht) - 49,341 27,945

Performance Ratio (%) 85.82% 85.82% 44.95%




* hour equivalent to 1,000 W/m2
Weather condition
Partial cloud

Maximum feeder 5 1.48 MW AVG. Ambient Temperature °C
AVG. Module Temperature °C
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=== E |ectricity Generation (kW) === Solar Irradiance (kW/m2)
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JUN 31 UNTIAY 2560

Time Power (kW) Solar Irradiance (kW/m2) Temperature (°C) Wind
Electricity main back up Ambient  Ambient  Module Module Wind
Generation (kW) Temp.#1 Temp.#2  Temp.#1 Temp.#2  Speed
(m/s)
6:05 -5.00 0 0 21.9 21.9 19.6 19.6 1.79
7:00 -4.97 15.45 15.59 214 214 19.6 19.6 2.31
8:00 303.73 168.75 167.64 22.8 22.8 21 21 2.89
9:00 753.98 414.02 405.11 26.1 26.1 313 313 2.63
10:00 1,108.58 613.32 590.99 28.8 28.8 373 37.3 4.88
11:00 1,329.51 720.57 709.23 31.2 31.2 453 453 0.21
12:00 1,452.44 846.85 823 344 34.4 51.6 51.6 0.25
13:00 1,450.18 832.35 832.31 33.6 33.6 49.4 49.4 4.67
14:00 1,324.14 766.82 762.95 33.8 33.8 48.5 438.5 3.35
15:00 1,108.30 516.38 611.6 33.1 33.1 41.9 41.9 2.24
16:00 818.22 418.69 458.3 32.6 32.6 38.1 38.1 4.15
17:00 367.00 22247 217.93 312 312 33.9 33.9 4.7

18:00 48.89 39.05 389 29.1 29.1 27.5 275 1.67
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A15199 4.3 11@AIA1 DATA RECORD FROM SCADA SYSTEM

DATA RECORD FROM SCADA SYSTEM

Date Time Power (Kw) Irradance 1 Irradance 2 Average Irr

31/1/2017 12:00 1582.31325 807.51 814.77 811.14

Cell Temp1 CellTemp2 Ambient Temp 1 Ambient Temp 2 Cell Temp Ambient Temp
40.00 39.50 28.40 28.20 39.75 28.30
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Site: Bang-Pa-Hun Performance cal 1-1-60
Performance test
Test Condition
- Power reading measured at the power meter
- Solar Irradiance should be higher than 400 w/m2 at the time of testing
- Ambient temperature as per measurement time
- Wind speed should be more than 2 m/s
- Tolerance = 5 %
- Uncertainly of pyranometer + 2%
- Uncertainly of temperature sensor = 2%

- Uncertainly of power meter + 1%

Formula

- Thermal Effect Calculation
- Solar Irradiance (G) 1000.00 W/m
- Ambient Temperature (Ta) 35.00 Degree

- Pv module Specification

- Norminal Operature cell temperature 45.00 c°
- Temperature coefficient of power (Temp Co) -0.43% c°
- Cell Temperature (Tc) Ta +( (NOCT-20)/800 )x G
66.25 c°
- Thermal Effect of pv plant 1+Temp Co x ( Tc - 25)
-16.91%
83.09%

a A 1 4 a 1w
ﬂi%ﬁﬂ‘ﬁﬂTW!LW\iI“]m%%’aﬁﬁnJQﬂ!‘HQNL‘Vﬂﬂ‘U 83.09%



Mismatch Loss

DC Wiring

Inverter Losses

Transformer Losses

AC wiring Losses

DCArrayoutput

- > Module

98.00%
2.00%

784.8 +785.9

804.82x2
1570.7

1609.64

0.975808
0.97/3%

PowerDC

PowerAC
1528.026

784.8+785.9
1528.026

1570.7
0.97

0.97/2.72 %

MPPx > DCWiringLosses

2% by Company

R2/R1=(228+T2)/(228+T1)

0.984

0.984/1.5181%

R2/R1=(228+25)/(228+28.9)

R2/R1=(253)/(256.9)



M31991 4.4  Power Derating Factor TUN 31 UNTIAY 2560

1 Thermal Effect 83.09% Calculation from Above Formula

2 Mismatch 98.00% Mismatch of Energy

3 Sun-tracking 100.00% Sun-Tracking of energy

4 Soiling 98.00% Soiling of Energy

5 DC Wiring 96.00% DC Wiring of Energy x 2

6 Inverter 98.00% Efficiency at 100% load

7 AC wiring 97.60% AC Wiring of Energy x2

8 Transformer 22 kv 98.50% Efficiency at 100% load
Total 72.17%
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No. Date Energy Daily Solar  Sensor

Generation Irradiation Average Average Max Max Wind

Peak (kWh) (kWh/m’/d) Ambient Module Ambient Module m/s

Temp. Temp. Temp. Temp.

1 1-Jan 9,709.60 5.04 28.38 36.74 30.30 42.20 0.00
2 2-Jan 9,472.59 5.06 30.75 40.17 33.20 44.80 0.00
3 3-Jan 4,205.46 2.41 27.73 31.14 29.35 37.20 0.00
4 4-Jan 6,471.68 3.87 30.45 38.15 34.20 46.40 0.00
5 5-Jan 4,932.13 2.86 27.61 30.06 31.10 43.50 0.00
6 6-Jan 6,038.59 3.35 28.06 33.25 30.10 40.80 0.00
7 7-Jan 7,388.72 4.04 29.46 36.53 32.40 43.10 0.00
8 8-Jan 3,329.57 1.94 28.39 31.20 30.40 36.80 0.00
9 9-Jan 2,452.66 1.32 26.10 28.67 27.50 32.70 0.00
10 10-Jan 1,363.76 0.78 25.75 26.41 27.10 30.00 0.95
11 11-Jan 5,434.00 291 29.92 3691 34.05 47.45 1.84
12 12-Jan 7,640.53 4.19 31.00 39.32 35.50 52.00 3.23
13 13-Jan 9,011.20 4.92 31.79 44.04 34.30 53.90 3.45
14 14-Jan 9,643.28 4.96 30.92 40.42 34.30 47.50 3.67
15 15-Jan 10,454.80 5.24 31.73 40.60 34.20 46.05 4.19
16 16-Jan 9,809.94 5.03 31.64 41.68 34.10 48.85 3.80
17 17-Jan 5,356.85 2.92 30.45 38.04 34.20 52.20 2.40
18 18-Jan 8,419.36 4.57 32.98 4230 36.50 53.65 3.66
19 19-Jan 10,460.59 5.36 32.25 41.80 34.10 49.00 4.60
20 20-Jan 10,284.22 5.19 32.83 41.84 36.10 49.60 5.17
21 21-Jan 10,158.05 5.23 31.49 40.03 34.40 48.95 4.66
22 22-Jan 10,756.03 5.60 30.51 39.48 34.70 48.90 5.79
23 23-Jan 7,816.35 4.18 28.27 36.07 31.40 45.70 4.81
24 24-Jan 9,968.99 5.26 28.98 37.62 31.50 44.00 5.17
25 25-Jan 9,688.64 5.18 29.96 37.88 32.20 45.20 5.14
26 26-Jan 8,098.34 5.07 30.48 39.27 34.50 49.90 5.85
27 27-Jan 9,709.60 5.85 31.29 40.29 34.10 48.20 5.42
28 28-Jan 9,472.59 5.48 32.10 45.18 35.40 53.10 3.23
29 29-Jan 4,205.46 5.10 32.93 44.60 38.10 55.30 1.76
30 30-Jan 6,471.68 5.05 34.32 47.08 38.30 56.50 1.77
31 31-Jan 9,874.62 5.49 32.02 43.50 35.90 53.40 3.34
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Grid-Connected System: Main results

Project : Grid-Connected Project at Ban Mai , Ayutthaya (BhangChak)
Simulation variant : JA solar 330Wp,SMAS00Kw,Pitch7.5m,Tilt10

Main system parameters System type  Grid-Connected

PV Field Orientation Sheds disposition, tit  10° azimuth 0°

PV modules Model JAME(R)-72-330 Pnom 330 Wp

PV Array Nb. of modules 6060 Pnom total 2000 kWp
Inverter Model  Sunny Central 900CP XT  Pnom 900 kW ac
Inverter pack Nb. of units 2.0 Pnom total 1800 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 2912 MWhlyear  Specific prod. 1456 k\Wh/kW plyear

Performance Ratio PR 79.16 %

MNormalized pr (per kWp): Nominal power 2000 KWp Performance Ratio PR
7 L R | e T L S e B

T
0.91 BV kW' day
014 KW kW ida,

»

3

Honnslizal Energy [k Wik Wpiday]

JA solar 330Wp, SMAS00KW, P itch?.5m, Tit 0
Balances and main results

GlohHor DiffHor T Amb Globine GlobEff EArmay E_Grid PR
Kvh i kWhim? °’c KWhim? KWhin? Mwh L
January 144.5 6702 2568 156.1 1488 283.4 2543 07988
February 136.2 E8.04 27.57 e 4 1260 2438 2353 0.7e2
March ma2 6058 26.35 7es 1652 287.3 2778 ore7
April 170.3 2228 0,38 1697 1587 EICR:) MWES oyez
May 187.4 s4.89 29.89 w23 151.2 2645 2558 oTe7
Juna 155.3 5582 25.20 a8 1388 2438 2352 0780
July 1580 B2.18 2618 1526 142.2 2406 2409 o788
August Ms 9331 2889 1393 1294 2285 2205 0792
September 1345 T 2756 1357 1265 2232 2152 0793
October 187 TRS4 28.10 W2e 1334 235.4 270 0785
November 1237.3 6526 2687 488 1396 245.5 2366 0785
Decem ber 140.0 5032 2572 155 4 1457 257.2 2481 a7es
Year 17958 964 58 28,20 18396 17183 30168 2118 0782
Legends: GlobHar Hornzantal global imadistion GobEff Effective Global, com. for |AM and shadings
DiffHor Honzontal diffuse iradaton EArmray Effective ensrgy at the output of the array
T Amb Ambient Temperature E_Grid Energy inected into grid
Globinc Global inddent in coll, plane PR Perormance Rafio

PVsyst Licansad o Process Engneaing Sanvicss Co Lid (Thaland)
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Project :
Geographical Site

Situation
Time defined as

Meteo data:

Grid-Connected System: Simulation parameters

Grid-Connected Project at Ban Mal , Ayutthaya (BhangChalk)

Ban Mal

Latdude
Legal Time
Albado
BEan Mai

Country
14.38° N Longiude
Time zone UT+T Alidude
020
Synihetic

Thailland

100.51° E
am

Simulation variant

JA solar 330Wp, SMAS00Kw,Pitch7.5m, Tik10

Simulation date 190218 10h57
Simulation parameters System fype  Unlimited sheds
Collector Plane Ordentation Tt 10° Azimuth 0"
300 Sheds Pitch 750 m Cdlector width 595m
Ingctive band Top 000m Bottom 000 m
Shading limil angle Gamma 00° Oceupation Ratio (GCR)  0A%
Shadings elactrical effect Celisize 156cm Sirngs inwidth 3
Models used Transposition Peraz Diffuse  Perez, Metaonom
Horlzon Frea Horizon
Mear Shadings Mutual shadings of sheds  Electrical effect
PV Array Characteristics
PV module Si-mono Model  JAMBIR)-72-330
Original PV syst database Manufactuner J& Solar
Mumber of PV modules In sertes 20 modules In parakiel 303 sirngs
Total number of PY modules Mb. modules G080 Unit Mom. Power  330'Wp
Aray global power Mominal (STC) 2000 kWp At operatng cond. 1790 KWp (50°C)
Array operating characteristics (50°C) Umpp 672V I mpp 2678 &
Tolal area Module area 11747 m® Cell area 10618 m*
Inverter Model  Sunny Central 800CP XT
Original Pveyst dalabase Manutacturer ShA
Characteristics Operafing Viollage  586-250 Unit Nom. Power 900 kK¥Wac
Max, power (=>25°C) 98D KNac
Inverter pack Nb, of neerters 2 units Total Power 1800 k'\Wac
PV Array loss factors
Armray Soiling Losses Loss Fraction 2.0 %
Thermal Loss facior U (const) 260 Wi U {wind) 0.0 Win7K | mbs
Wiring Chimlc Loss Global array res. 5.7 mOhm Loss Fraction 2.0 % at STC
Module Cuality Loss Loss Fraction 0.1 %
Module MEmaltch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 050 %
Incidence effect, ASHRAE parametnzation 1AM = 1-bo(lices|-1) bo Param. 0.05
System loss factors
AC wire loss inverter 1o transfo Imverter waltage 405 Vac i
‘Wires: 3x20000 mm* 106 m Loss Fraction 1.2 % at STC
Extemnal trans formes Tron loss (24H connexion) 2854 W Loss Fraction 0.1 % at STC
Resistivelinductive bsses 0.8 mOhm Logs Fraction 1.0 % at §TC

Pyl L a1 PO 0 1 ) Sl © 0 L0 Thisand
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Project :

Simulation variant :

Grid-Connected System: Loss diagram

Grid-Connected Project at Ban Mai , Ayutthaya (BhangChak)
JA solar 330Wp,SMAS00Kw,Pitch7.5m,Tilt10

Main system parameters
PV Field Orientation

PV modules

PV Array

Inverter

Inverter pack

Users needs

System type  Grid-Connected

Sheds disposition, tit  10° azimuth
Model JAMBG(R)-72-330 Pnom

Nb. of modules 6060 Pnom total
Model Sunny Central 900CP XT  Pnom

Nb. of units 2.0 Pnom total

Unlimited load (grid)

o
330 Wp
2000 kWp
900 KW ac
1800 kW ac

1718 kWhi/m? * 11747 m? coll.

Loss diagram over the whole year

__ 1796 KWhim* Horizontal global irradiation
B L‘ +2.4% Global incident in coll. plane

|&“—}-1.5% Near Shadings: iradiance loss
tH -3.1%  |AM factor on global

efficiency at STC = 17.07%

Fj -2.0% Soiling loss factor

Effective irradiance on collectors

PV conversion

-0.3% P\ loss due to irradiance level

3445 MWh Array nominal energy (at STC effic.)
\3—9.5% PV loss due to temperature
3-0.1% Shadings: Electrical Loss | sheds3 strings in width
0.1% Module quality loss
&4—1.5% Mismatch loss, modules and strings
= -1.3% Ohmicwiring loss
3017 MWh Array virtual energy at MPP
\%—1.5% Inverter Loss during operation (efficiency)
0.0% Inverter Loss over nominal inv, power
\-!0.0% Inverter Loss due to max. input current
0.0% Inverter Loss over nominal inv, voltage
0.0% Inverter Loss due to power threshold
0.0% Inverter Loss due to voltage threshold
0.0% Night consumption
2871 MWh Available Energy at Inverter Output
Katl.i:)% Auxiliaries (fans, other)
4 -0.6% AC ohric loss
\‘?-t.4% External transfo loss
__2912MWh - Energy injected into grid

Pyt Licansed i Procass Engnaaning Sanicas Co Lid {Thaland)
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4.4 wamsiszdinlselvlihainlsunsa PV System Design

=< 1 a @ a Jdaa g‘; dy a
4.2 NORANITANHI ‘wmwmiwam“l‘wﬁwwawmumammmﬂmnuwmumum 2 MW
F FY
ﬂizmumiwaﬁhl,%lﬂmaaﬂmﬂmmiwmm"lﬂﬁ

M3190 4.6 M3YsziinlselvlihanTusunsy PV System Design

1 Thermal Effect 103.60%
2 Mismatch 91.00%
3 Sun-tracking 97.90%
4 Soiling 99.00%
5 DC Wiring 100.00%
6 Inverter 98.00%
7 AC wiring 97.50%
8 Transformer 22 kv 98.00%
Total 81.93%

)=} @ @ a a g’/ dy a 1 a
msufSeuieundsanu IseldimdsnuuaseiaduuuAad W UnUANT T HINIMSHER
Tl a1 TseIdhuazmsdsziinTsdlwihein TasiunsuPy System Design
d' ~ [ [ a o a g’.} dy a 1
m3ai 4.7 maFeufeundsau s limdnuuasoiadiuuaaaauuinuanseninems

wan 1ihen 159 Ilihuasmstszdinlse i TUsunsuPy System Design

Month PV Power Plant PV System Design

Jan 247,382.75 270,239.63
Feb 251,584.83 256,377.07
Mar 278,188.93 291,823.51
Apr 294,189.30 277,499.01
May 261,760.00 247,744.75
Jun 275,545.22 217,247.58
Jul 264,803.84 218,385.31
Aug 279,016.83 220,556.65

Sep 254,340.35 224,998.80




3 [ [ a d a 3’; J a 1
M9 4.8 mmﬁfmrﬁauwmamisa"Mv“hwmqmumammmmmﬂmuuwuﬂuizmnmi

wan 1910 159 IWihuarmstseinlseWihonTUsunsuPv System Design(f®)

Month PV Power Plant PV System Design

Oct 260,065.54 237,749.71
Nov 243,497.22 250,101.96
Dec 262,149.12 262,759.35
Sum 3,172,523.93 2,975,483.33

mswan Iihnuaaslumisan 4.7 uag 4.8 manaa il i mdsnunaseniad
9 4 )
nyvdadsuuiuanluil 2560 aaeansdl naznamsdsziulseliininTdsunsy PV System
Y
Design manuansamsdsediundanuliinelulsdlihmdnunaseiaduufnags
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vuUNUAY InAReInUNISHAAD3 9

Power Solar
350,000.00

300,000.00

250,000.00
200,000.00
150,000.00
100,000.00
50,000.00
0.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

H PV Power Plant ® PV System Design
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(Final yield) |y E v

T

(Performance Ratio) |pp - ¥y

(Total efficiency) 7w =
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0

= 3,990.044/945.1
= 4222 KWh/kWp

AMANTIOULVDITLULFAALAI0IMAE (PR : Performance Ratio)
PR = .

4.22

5.85
= 0.72
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n=>5 n=10 n=15 n=20 n=25
i=5 23.10 12.95 9.63 8.02 7.10
i=7.875 24.96 14.82 10.59 10.09 9.27
i=10 26.38 16.27 13.15 11.75 11.02
i=20 33.44 23.85 21.39 20.54 20.21
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u q

b4
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" Aaw {a &' { 2 [ g’/ 1
11/iﬂul nHe 1 MW ﬁmmiuwuﬁmmmmﬂm;mmmmummmﬁmuazqﬂﬂimmmmmin

N4

M1519N 4.10 91nsal 51A1 11AZ Annuity Method 91 7.12 %

Cost Lifetime  Annuity Annuity
Component

[THB] [years] Factor [THB]
PV Module 27,285,000 25 0.092681 2,528,801.09
Support PV module 1,605,624 25 0.092681 148,810.84
Station Housing 818,979 25 0.092681 75,903.79
Work way and support Array 321,126 25 0.092681 29,762.28
Array Box 3,281,710 10 0.14819 486,316.60
Inverter Grid 1,076,555 23 0.092681 99,776.19
Transformer 204,484 25 0.092681 18,951.78
HV disconnection switch 3,136,654 25 0.092681 290,708.23
ACB Conduit and Cable ladder 860,236 25 0.092681 79,727.53
Monitoring System 305,183 25 0.092681 28,284.67
PQ meter 3,500 25 0.092681 324.38
Box LC 240,326 25 0.092681 22,273.65
Modem FTTX 563,293 25 0.092681 52,206.56
CCTV 584,833 25 0.092681 54,202.91
Lighting protection 571,876 25 0.092681 53,002.04
Main Entrance Gate and Fencing 27,285,000 25 0.092681 2,528,801.09
Water supply system 1,605,624 25 0.092681 148,810.84

Total 40,859,379 3,969,052.55
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JASOLAR

JAMG (K)

-72/320-340/4BB
MONOCRYSTALLINE SILICON MODULE

Key Features

JA 4BB oaskgn module reduca call seras malstENce and sirees
betwaen cell Inbarcannectons Improves module rellablity and module
COMWErEIDN sMziancy

High power ctpat of more than S30W Brd maole emckncy
up 10 17.02% which has been verifed by TV Phelniand

Armi-reflective and artl-soling surfacs reducas powsr oss
from dirt end dust

JA Solar Holdings Co., Ltd.
Cutetarding pariormanca In low-1ght ITediancs emdonments

<A Solar Holdinge Cio., Lid. I8 a world-leading

manutactursr of high-parormancs photovoltak:
products that comart Eunlight Into electricly for
reeldantial, commemlal, and Uttty -5cak power
ganeration. The company wee founded on May 14,

Excalent mechanical ked reetstance: Cartifad to witnstand
High wind Inads [2400P=) end snow oads [S400PE)

2006, and was publicly listad on NASDAD on
February T, 2007. JA Sclar Ie one of the warkd's
lamest producens of solar cals and modules. i
standard and Hgh-afficlency preduct offarings
are among the most poweriul and cost-eflective

High Balt end emmania. reslstEnce certiled by TOW MOAD

1N the IndLEtry. - )
Reliable Quality
Add: NO.3E, Jiang Chang San Acad , Zhabei, "
Shanghai 200435, China * Posithve power toleranoa: 0-—+EW
Tel: 488 21 G085 BABS 7 4B4 21 B0BS5 5368 = 100% EL double-Inepaction ansures modules are defects free

Fax: +882180955B5E /488 21 6065 5969

Email: salesGjmmclarcom marnost@jasolar.com (7 o W R et e eYME(T performemce

* Potential Induced Degradation (PICG Resistant

Superior Warranty

Comprehensive Certificates

+ 40-year product warTarty
* 25-yearlinear power output warmanty + EC B1218, ECB1730, L1703, CEC Listed, MCS and CE

+ 1508001 2008 Qualty manegemeant oy stams

+ 150 14001 ; 2004: Ervironmental management systams

+ BS5 DHSAS 18001 : 2007 : Occupational hasith and safely management systams

» Emviranmental policy: Tha first Eoler companty N Ching 1o complets Intertsk's carbon
Tootpint evaILEtan pmOram End recelve grean [eaf mank verfzation for our products

= @ @ @ 0 ©rae @

Epsaifioations subjot 1o teohrinal changes and tasts. J& Soor rsssnves tha right of nal (morpretmion.
www.jasolarcom
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SUNNY CENTRAL

800CP XT / 850CP XT / 900CP XT

Technical Data

Input [DC)

Max. DC power [@ cos ¢ =1)

Min. input voltage / max. input voltage

L/ I

MPP voltage range (@ 25°C / @ 50°C at 50 Hz)"?
MPP voltage range |@ 25°C / @ 50°C at 60 Hz]'*
Rated input voltage

Max. input current

Number of independent MPP inputs

Number of DC inputs

Output [AC)

Rated power (@ 25°C) / nominal AC power (@ 50°C)
Nominal AC voltage / nominal AC voltage range

AC power frequency / range

Rated power frequency / rated grid voltage

Max. output current / max. tofal harmenic distortion
Power factor at rated power / displacement power facior adjustable
Feediin phases / connection phases

Efficiency®

Max. efficiency / European efficiency / CEC efficiency
Profective devices

Inputside disconnection device

Outputside disconnection device

DC overvoliage protection

Lightning protection [according fo IEC 62305-1)
Stand-alone grid detection active / passive

Grid monitoring

Ground fault monitoring ,/ remote-contralled ground fault monilaring
Insulation menitering

Surge arrester for auxiliary power supply

Profection class [according 1o IEC 62103) / overvoltags category [according o IEC 60664-1)

General data

Dimensions [W / H / D]

Weight in kg

Operating temperature range

Noise emission*

Max. self-cansumption (operation)® / selfconsumption (night]
External auxdliary supply voliage

Cooling cencept

Degree of profection: electronics / connection area (accerding to IEC 60529) /

according to IEC $0721-3-4

Application in unprotected outdaor environment: / indoar
Maximum permissible value for relative humidity (non-condensing)]
Maximum operaling alfitude above MSL 2,000 m / 4,000 m
Fresh air consumption (inverter)

Features

DC connection / AC connection

Display

Communication / profocols

Communication with Sunny String-Monitor

SC-COM / Plant menitoring

Color enclosvre / door / base / roof

Guarantee: 5 / 10 / 15 / 20 / 25 years

Configurable grid management functions

ilabl

Certifi and approvals [more on request)

® Standard features  © Optional features  — Not available
Type designafion

90

Sunny Central 800CP XT

898 kW
500V / 1,000V
530V
64110850V / 583 1o 850V
64110 850V / 583 10 850V
641V
1,400 A
1
9 / 32 (Optiprofect)

880 kVA / 800 kVA
360V /32410 414V
50 Hz, 60 Hz / 47 1o 63 Hz
50 Hz / 360 V
1411 A /003

Sunny Central 850CP XT

954 kW
536V / 1,000V

568V
68110850V /62510 850V
68110 B850V /625 to 850 V

681V

1,400 A

1
9 / 32 (Opfiprotect]

935 kVA / 850 kVA
386V / 34810443V
50 Hz, 60 Hz / 47 1o 63 Hz
50 Hz /386 V
1,411 A /003

1/ 0.9 leading to 0.9 lagging

3/3

98.6% / 98.4% / 98.5%

3/3

98.6% / 98.4% / 98.5%

Motordriven load-break switch / circuit breaker [Opfipratect)

AC circuit breaker
Type | surge arrester
Lightning Protection Level Il
./

.
ofo
o
.

I/m

AC circuit breaker
Type | surge amester
Lightning Profection Level Il
. /-

.
o/fo
o
.

1/

2,562 /2,272 / 956 mm [101 / 89 / 38 inches)

1,900 kg / 4,200 1b

1,900 kg / 4,200 b

—2510 +62°C/ 1310 +144°F

61 dB[A)
1,900W /= 100 W
230 / 400 V (3 / N / PE)
OptiCeol
IP54 / IPA3 / 4C2, 452

e /0
15 to 25%
e/
3,000 m*/h

&1 dB(A)
1,900 W /< 100 W
230 / 400V (3 / N / PE)
OpfiCool
1PS4 / IP43 / 4C2, 452

e/0
1510 95%
/0
3,000 m*/h

Ring ferminal lug / screw ferminal (Optiprotect] / ring terminal lug

HMIfouch display

HMI touch display

Ethemet (aptical fiber opfional], Modbus

RS485 / none |Optiprotect)
® / O |via Sunny Portal)

RS485 / none (Optiprotect]
® / © (via Sunny Portal}

RAL 9016 / 9016 / 7004 / 7004

e/o/ojfo/fo

e/ofofo/oO

Power reduciion, reaclive power setpoini, dynamic grid support [e.g. LVRT)
EMN 61000-6-2, EN 61000-6-4, EMC conformity, CE conformity,
BDEW-MSRL / FGW / TRA¢, Arrété du 23/04/08, R.D. 1663 / 2000,
RD. 661 / 2007, PO. 12.3 / IEEE 15477

SC 800CP-10

SC 850CP-10



1) A0S U, andcos g=1

2) Further AC voltages, DC voltages and power classes can bie configured [for more detailed information, see fechnical information Innovations_ P af www.SMA.de)

B iy mianahed Bl S M
4) Sound pressure level at o distance of 10 m

5] Sellconsumption of rated operation

6) With complete dynamic grid support

7| Designed and type-ested in accordance with IEEE 1547, serial tests optional available

Technical Data

Input (DC)

Max. DC power (@ cos p =1

Min. input voltage / max. input volfage

Vs S ep < T

MPP voliage range (@ 25°C / @ 50°C at 50 Hz)' ?
MPP voliage range (@ 25°C / @ 50°C at 60 Hz)' ?
Rated input valtage

Manx. input current

MNumber of independent MPP inputs

Number of DC inputs

Output (AC)

Rated power (@ 25°C) / nominal AC power (@ 50°C)
Mominal AC voltage / nominal AC voltags range

AC power frequency / range

Rated power frequency / rated grid voltage

Max. output current / max. total harmanic distortion
Power factar ot rated power / displacement power factor adjustable
Feed-in phases / connection phases

Efficiency®

Max. efficiency / European efficiency / CEC efficiency
Protective devices

Inputside disconnection device

Qutputside discannection device

DC overvoltage protection

lightning profection (according to [EC 62305-1)
Stand-alone grid defection aclive / passive

Grid monitoring

Ground fault monitoring / 1 lled ground fault menitoring
Insulation monitoring

Surge arrester for auxiliary power supply

Protection class (according to IEC 62103} / overvoltage category (according to IEC 60664-1)

General data
Dimensions (W / H /D)
Weight in kg
Operaling temperature range
Noise emission®
Max. sell- pion (operation)® / self- ption [night)
External auxiliary supply voltage
Cooling concept
Degree of protection: electronics / conneciion area (accerding fo IEC 60529 /
according te [EC 60721-3-4

pplication in un d outdoor envi /indaor
Maximum permissible value for relative humidity (non-condensing]
Maximum operating allitude above MSL 2,000'm / 4,000 m
Fresh air consumption (inverter)
Features

DC connection / AC connection

Display

Communication / protocals

C ication with Sunny String-Monite
SC-COM / Plant monitoring

Color enclosure / door / base / roof
Guarantee: 5/ 10/ 15 / 20 / 25 years
Configurable grid management functions

Cerfificates and approvals [mare available on request)

® Standard features O Opfional features  — Not available
Type designation

Sunny Central 900CP XT

1,010 kW
562V / 1,000V
596V
72210 850V / 656 to B50 V
72210 850V / 65610 850V
722V
1,400 A
1
9/ 32 [Opfiprotect)

990 kVA /900 kVA
405V /365 10 465 V
50 Hz, 60 Hz / 47 .. 63 Hz
50 Hz / 405V
1411A /0,03
1/ 0.9 leading to 0.9 lagging
3/3

986%/984%/985%

Motor-driven load-break switch / circuit breaker (Optiprotect]
AC circuit breaker
Type | surge arrester
Lightning Protection Level IIl
./
L
o/0
el
.
I/m

2,562 /2,272 /. 956 mm (101 / 89 / 38 inches)
1900 kg / 42001b
950 625C /13 ... 144 °F
61 dbla)
1900 W / < 100 W
230 /-400V (3 / N/ PE)
OpiiCosl
1P54 / [PA3 / 4C2, 452

e/0
15..95%
a/c
3000 m?/h

Ring terminal lug / screw terminal (Optiprotect) / ring terminal lug
HMltouch display
Ethernet (optical fiber opfional), Modbus
RS485 / nene Optiprotect)
® /O (via Sunny Portal]
RALSD16 /9016 / 7004 / 7004
e/ofof0j0O
Power reduction, reactive power sefpoint, dynamic grid support {e.g. LVRT]
EN 61000-6-2, EN 61000-6-4, EMV-Konformitét, CE-Konformitat,
BDEW-MSRL / FGW / TR8*, Arrété du 23/04/08, R.D. 1663 / 2000,
RD. 661 /2007, PO. 12.3 / IEEE 15477
SC R00CP-10



| Efficiency curve SUNNY CENTRAL 900CP XT |
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PV modules

String combiner

with fuses SUNNY CENTRAL 900CP XT TCS 9005C

—
=
W max. 1000V

String combiner
with fuses

—

==

www.SMA-Solar.com

SMA Solar Technology

92

Power

distribution grid

— b
- AC

i
i
3
i
i
3
i
$
£

3
i
3
]
i
3

SCRODCPSBOCRDEN AT 16 Prnsed on FSC<aitbod papas.4llpiodh



SMA Solar Technology AG | Sonnendllee | | 34266 Niestetal | Germany
Phone: +49 561 95220 | Fax: +49 561 9522-100 | Internet: www.SMA.de | Email: info@SMA de
Register court: Amtsgericht Kassel HRB 3972

Chairman of the Supervisory Board: Giinther Cramer
Managing Board: Jiirgen Dolle, Roland Grebe, Pierre-Pascal Urbon, Marko Werner

SMA Factory Warranty - Sunny Central

Applies exclusively to the following products: Sunny Central SC, Sunny String-Monitor SSM, Sunny String-Monitor
SSM16-11, Sunny String-Monitor SSM24-11, SSB, Sunny Main Box SMB, SMB-C, Communication Distributor COM-B,
COM-C. The concrete substation and all medium-voltage components are excluded.

The legal warranty period of the seller of the device is not affected by this warranty and is fully applicable starting with the
date of delivery.

For the above mentioned devices, you receive an SMA factory warranty valid for 5 years from the date of delivery or after
declaration of readiness for shipment. The SMA factory warranty covers all costs for repair and spare parts for the agreed
period of time beginning with date of delivery or declaration of readiness for shipment of the device and subject to the below
specified conditions. This warranty does not include an availability warranty.

Warranty Conditions

If a device exhibits a defect within the agreed SMA factory warranty and provided that it will not be impossible or
unreasonable, the device will be repaired on-site.

Excessiveness in the meaning above exists in particular if the cost of the measures for SMA would be unreasonable:

* in view of the value that the device would have without the defect,

* taking into account the significance of the defect, and

* after consideration of alternative workaround possibilities that SMA customers could revert to without significant
inconvenience.

The factory warranty includes the costs of SMA for work and material necessary to restore faultless functioning.

All other costs, particularly shipping costs, travel, and accommodation costs of SMA personnel for on-site repairs as well as
costs of the customer’s own employees are not included in the factory warranty.

When installing devices in the following countries: Austria, Belgium, Bulgaria, Czech Republic, Germany, Greece, France,
Indiq, ltaly, Japan, Korea, Luxembourg, Netherlands, Portugal, Switzerland, Slovakia, Spain and in the USA: California,
New Jersey, New York and the United Arab Emirates, the factory warranty additionally includes shipping costs as well as
travel and accommodation costs of SMA Service personnel for on-site repairs.

If the point of installation is located outside the above mentioned countries or in the oversea territories of these countries, no
shipping, travel or accommodation costs will be borne.

To determine the warranty entitlement, please submit a copy of the purchasing invoice. The type plate on the device must be
completely legible. Otherwise, SMA is entitled to refuse to provide warranty services.

All warranty services are free of charge only if the course of action was agreed with SMA in advance.
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Scope of the Factory Warranty

The [nclory warranty does not cover dﬂmcges that occur due to the Foiiowing recsons:

¢+ Transport damage

+ Incorrect installation or commissioning
+  Failure to observe the user manual, maintenance regulations and intervals
+  Modifications, changes, or attempted repairs
* Incorrect use or inappropriate operation

* Insufficient ventilation of the device

*+ Failure to chserve the applicable safety regulations [VDE standards, etc.)
* Force majeure (e.g., lightning, overveltage, storm, fire)

Meither does it cover cosmetic defects that do not influence the energy producﬁcn.

Flease report defective devices with a brief error descn'pﬁon to our SMA Serviceline.

Claims that go beyand the rights cited in the warranty conditions, in particular claims for compensation for direct or indirect
damages arising from the defective device, for compensation for costs arising from disassembly and installation, or loss of

g g p 9 y
profits are net covered by the factary warranty, insofar SMA is not subject to statutory liability. In such cases, please contact

the company that sold you the device. Possible claims in accordance with the law on produc’r |ic:bi|ity remain unaffected.

SMA Solar Technology AG
Sonnenalles 1
34264 Niestetal, Germany

SMA Serviceline

SMA Service Europe

Germany

SMA Solar Technology AG
Sunny Central
SunnyCentral Service@5MA de
wwrw SMA de

France

SMA France S.A.5.

Tel +33 472 09 04 43
Fax +33 4722297 10
Service@SMAFrance.com
wwrw, SMA France.com

Italy

SMA Iralia S.r.l.

Tel +3% 02 89347299
Fax +39 02 89347.201
Service@5MAtalia.com
woerws. ShAdalia.com

Belgium

SMA Benelux bvba/sprl
Tel #32 15 286 730

Fax +32 135 286 736
Service@SMA-Benelux com
wwrw, SMA-Benealux.com

SMA Service Asia
China

SMA Beijing Commerdial Company Ltd.

Tel +86 10 5150 1685-602
Fax +86 10 5150 1689
Service@SMA-China.com.cn
warwe, SMA-China.com.cn

SMA Service Australia

Australia

SMA Technology Australia PTY Ltd.
Tel +é&1 2 9669 2889

Fax +61 2 9669 28687
Service@SMAAusiralio.com.ou

wwrws SMA Australio.com.ay

Tel +4% 541 9522295

Fax+d4% 561 9522.3299

Greece

SMA Hellas AE

Tel +30 210 2856 666
Fax +30 210 9856 670
Service@SMAHellas.com
www, SMAHellas.com
Spain

SMA Ibérica Tecnologia Sclar, 5.L.
Tel +34 200 14 22 23
Fox +34 936 7532 14
Service®SMAlherica.com
www. S Adberica com

Korea

SMA Technology Korea Co,, Ltd,
Tal+32 2 508 8599

Fax +82 2 508 BY69
Service@SMA-Korea.com

wwwe, SMA-Korea com

SMA Service America

usA

SMA Solar Technology America, LLC.

Tel +1 916 625 0870

Czech Republic

SMA Czech Republics. r. o.
Tel +420 235010 417
Service@5MA-Czech.com
www SMACzech.com

Partugal

SMA Pertugal - Niestetal Services Unipessoal Lda
Tel +351 2 12 38 78 40

Fax +351 2 12 38 78 61

Service@5MA-Portugal.com

wvew SMA-Foriugal.com

Tel +1 877 697 6283 (Toll free, available for USA, Canada and Puerto Rico)

Foax +1 916 625 0871
Service@SMAAmerica.com
wwrw, SMA-America.com
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Weather condition
Partial cloud

Maximum feeder 5 0.45 Mw AVG. Ambient Temperature °C

r 1,200.00

600.00

- 1,000.00
500.00

)
400.00 M

W
[ \ o

100.00 - - 200.00
0.00 TR T I T T T T T T T T T T T T T T I T T T T T T T T T T T T T e T TR e T e I T T e T T I T I T T T T IrooT T TTTTTT T T T I T I T T T T I I T I T T I T I T I v I T T v evnrnny 0.00
O n O N O N O Nn O Nn O n O n o n O N O n O n O n O n o n O un o
S N N dF OomMmnmAaAg dmOoNmMoadgoOoMmMnNAdT A mnm O NN T O m
O O O NN 00 00 60 O OO O O = =« = N &N N N M I < 1N N © © O NN 0 0

D B B B B B o B L B B I I R B B B B I I |
== |ectricity Generation (kW) === Solar Irradiance (kW/m?2)
~ ¢ 1
v A
it 1 Bnasidsliihiinga 1dnnssuuraa Tiimaanuuaseriind Juii 1
Weather condition
Partial cloud
Maximum feeder 5 0.81 MW AVG. Ambient Temperature 33.20 °C
r 1,200.0C
1,200.00
~ 1,000.0C
1,000.00
- 800.00
800.00 A N,
1 ~ 600.00
600.00 i
- 400.00
400.00 | |
200.00 ‘/\/A\/ /, - 200.00
0.00 I T T T T T T T A e 0.00
O n O 1N O N O N O N O N O Nn O N O nu o 1N O n O n O n O wn O un o
e admoadTaoanonadTodneanodITenndadT o0 odsen
W W O NN 0 00 0 O OO O O d 4 4 N N MO N MO < < 1N I © W O N N 0
R B B R B B B I = I IR T R B B B R o B e B o B B |
== E|ectricity Generation (kW) === Solar Irradiance (kW/m2)

=

1l 2 Pinafaa ihiinaa ldnnszuunaa llihndsnunaseiiag Sudi 2

96



Weather condition
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Partial cloud
Maximum feeder 5 0.55 MW AVG. Ambient Temperature °C
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Weather condition
Partial cloud

Maximum feeder 5 0.78 MW AVG. Ambient Temperature °C
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Weather condition
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No. Date Energy Generation Daily Solar Sensor
Peak (kWh) Irradiation Average Average Max Max Wind
(kWh/m’/d) Ambient Module Ambient Module m/s
Temp. Temp. Temp. Temp.

1 1-Jan 4,854.80 5.04 28.38 36.74 30.30 42.20 0.00
2 2-Jan 4,736.30 5.06 30.75 40.17 33.20 44.80 0.00
3 3-Jan 2,102.73 2.41 27.73 31.14 29.35 37.20 0.00
4 4-Jan 3,235.84 3.87 30.45 38.15 34.20 46.40 0.00
5 5-Jan 2,466.06 2.86 27.61 30.06 31.10 43.50 0.00
6 6-Jan 3,019.30 3.35 28.06 33.25 30.10 40.80 0.00
7 7-Jan 3,694.36 4.04 29.46 36.53 32.40 43.10 0.00
8 8-Jan 1,664.78 1.94 28.39 31.20 30.40 36.80 0.00
9 9-Jan 1,226.33 1.32 26.10 28.67 27.50 32.70 0.00
10 10-Jan 681.88 0.78 25.75 26.41 27.10 30.00 0.95
11 11-Jan 2,717.00 2.91 29.92 36.91 34.05 47.45 1.84
12 12-Jan 3,820.26 4.19 31.00 39.32 35.50 52.00 3.23
13 13-Jan 4,505.60 4.92 31.79 44.04 34.30 53.90 3.45
14 14-Jan 4,821.64 4.96 30.92 40.42 34.30 47.50 3.67
15 15-Jan 5,227.40 5.24 31.73 40.60 34.20 46.05 4.19
16 16-Jan 4,904.97 5.03 31.64 41.68 34.10 48.85 3.80
17 17-Jan 2,678.42 2.92 30.45 38.04 34.20 52.20 2.40
18 18-Jan 4,209.68 4.57 32.98 42.30 36.50 53.65 3.66
19 19-Jan 5,230.30 5.36 32.25 41.80 34.10 49.00 4.60
20 20-Jan 5,142.11 5.19 32.83 41.84 36.10 49.60 5.17
21 21-Jan 5,079.02 5.23 31.49 40.03 34.40 48.95 4.66
22 22-Jan 5,378.02 5.60 30.51 39.48 34.70 48.90 5.79
23 23-Jan 3,908.18 4.18 28.27 36.07 31.40 45.70 481
24 24-Jan 4,984.50 5.26 28.98 37.62 31.50 44.00 5.17
25 25-Jan 4,844.32 5.18 29.96 37.88 32.20 45.20 5.14
26 26-Jan 4,049.17 5.07 30.48 39.27 34.50 49.90 5.85
27 27-Jan 5,444.64 5.85 31.29 40.29 34.10 48.20 5.42
28 28-Jan 5,008.18 5.48 32.10 45.18 35.40 53.10 3.23
29 29-Jan 4,632.29 5.10 32.93 44.60 38.10 55.30 1.76
30 30-Jan 4,486.00 5.05 34.32 47.08 38.30 56.50 1.77
31 31-Jan 4,937.31 5.49 32.02 43.50 35.90 53.40 3.34
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No. Date Energy Generation Daily Solar Sensor
Peak (kWh) Irradiation Average Average Max Max Wind
(kWh/m’/d) Ambient Module Ambient Module m/s
Temp. Temp. Temp. Temp.

1 1-Feb 5,189.82 5.69 31.84 40.47 34.40 47.90 5.44
2 2-Feb 3,939.94 4.46 31.29 39.70 34.80 49.40 5.24
3 3-Feb 3,162.66 3.68 30.32 39.15 32.80 48.30 2.37
4 4-Feb 5,217.82 5.91 32.21 43.44 35.80 53.70 3.96
5 5-Feb 4,833.82 5.48 32.78 4291 38.30 53.80 3.78
6 6-Feb 4,833.49 5.54 33.56 44.74 37.20 53.35 3.21
7 7-Feb 4,898.06 5.64 33.95 45.75 36.80 53.55 3.00
8 8-Feb 4,923.26 5.76 34.46 46.91 38.60 56.60 2.37
9 9-Feb 4,418.51 5.36 35.58 47.70 40.00 59.85 1.74
10 10-Feb 3,684.19 4.30 33.59 42.71 36.80 50.35 2.00
11 11-Feb 4,754.94 5,59 32.47 43.41 35.90 52.50 3.24
12 12-Feb 5,049.30 5.88 29.43 39.50 33.80 51.65 4.62
13 13-Feb 5,073.46 5.89 28.90 37.65 33.10 45.95 5.94
14 14-Feb 4,739.12 5.59 30.12 39.32 35.50 49.10 4.00
15 15-Feb 4,680.53 5.56 30.26 38.50 34.50 47.50 6.17
16 16-Feb 5,019.63 5.96 30.99 40.64 34.40 49.25 4.07
17 17-Feb 4,933.50 6.02 34.90 47.03 38.90 56.35 2.59
18 18-Feb 4,758.69 5.86 33.78 45.63 38.40 54.95 2.98
19 19-Feb 4,482.98 5.60 35.77 48.12 39.10 56.25 2.12
20 20-Feb 4,318.02 5.37 35.30 45.77 38.40 53.30 2.02
21 21-Feb 4,594.50 5.72 35.68 47.17 39.30 57.30 2.60
22 22-Feb 4,434.72 5.50 35.43 45.89 39.60 54.80 2.71
23 23-Feb 4,522.94 5.73 36.50 48.03 39.90 57.00 2.03
24 24-Feb 4,183.23 5.20 35.19 44.52 38.30 52.50 2.25
25 25-Feb 3,747.20 5.15 34.25 42.82 38.20 52.35 1.94
26 26-Feb 3,196.64 4.18 35.35 45.64 39.90 57.10 1.74
27 27-Feb 4,106.50 5.29 31.76 40.30 34.50 47.05 4.13
28 28-Feb 4,094.94 5.25 33.50 43.54 37.40 52.25 3.25
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No. Date Energy Generation Daily Solar Sensor
Peak (kWh) Irradiation Average Average Max Max Wind
(kWh/m’/d) Ambient Module Ambient Module m/s
Temp. Temp. Temp. Temp.

1 1-Mar 9,042.11 5.88 35.62 46.86 40.30 56.70 2.72
2 2-Mar 9,285.31 5.91 31.56 40.96 35.20 51.10 4.74
3 3-Mar 8,648.13 5.69 36.29 48.17 39.90 55.75 1.61
4 4-Mar 8,447.04 5.56 36.52 48.13 39.50 56.10 1.74
5 5-Mar 8,260.03 5.44 35.80 46.03 39.40 54.75 2.70
6 6-Mar 8,634.05 5.70 35.62 46.00 39.10 55.25 3.09
7 7-Mar 8,833.98 5.90 36.27 47.09 40.30 57.05 2.85
8 8-Mar 7,349.12 4.93 34.10 41.86 36.90 50.70 3.12
9 9-Mar 7,514.75 5.16 33.83 41.79 36.80 51.45 4.04
10 10-Mar 9,127.94 6.08 35.98 46.97 39.80 57.35 2.84
11 11-Mar 8,703.17 5.50 35.68 4597 39.00 56.20 2.41
12 12-Mar 9,731.39 6.16 36.69 48.17 40.10 57.45 1.99
13 13-Mar 9,465.22 6.02 37.55 49.54 42.90 58.45 1.51
14 14-Mar 10,163.01 6.08 37.93 49.50 42.20 58.90 2.64
15 15-Mar 8,989.18 5.23 35.62 45.21 39.80 55.85 2.48
16 16-Mar 9,221.82 5.44 35.52 44.74 39.20 53.90 3.00
17 17-Mar 6,917.06 3.87 30.80 36.53 33.60 46.60 2.54
18 18-Mar 7,402.37 4.19 31.80 39.69 37.00 54.95 1.93
19 19-Mar 10,471.23 6.16 35.66 47.19 39.50 60.55 3.13
20 20-Mar 10,626.05 6.28 34.85 45.05 38.50 54.50 2.36
21 21-Mar 9,873.15 5.69 36.28 47.55 39.60 57.80 2.40
22 22-Mar 10,097.86 5.86 37.40 49.34 41.90 60.60 1.52
23 23-Mar 10,210.05 5.99 37.48 48.78 41.60 59.50 2.20
24 24-Mar 9,522.50 5.42 35.58 45.32 38.50 56.00 2.76
25 25-Mar 10,083.84 6.07 38.41 51.43 42.10 61.75 1.89
26 26-Mar 8,683.97 4.96 36.58 47.80 42.30 62.15 1.56
27 27-Mar 4,280.45 2.39 27.64 32.14 29.80 43.85 1.55
28 28-Mar 8,872.13 6.72 35.29 50.54 38.50 62.90 2.00
29 29-Mar 6,938.50 5.94 36.00 49.13 41.40 65.25 2.19
30 30-Mar 11,211.39 6.70 37.30 50.97 41.30 61.15 2.45
31 31-Mar 11,582.14 6.94 36.95 49.23 39.60 55.50 5.32
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1PNEISLUUNNBUSZMAVNNELAY D.lo

damunuanisiisudaszuulasstiglniivasnisiniidiugiinig

1. danvuaniunaia
1.1 WSIPULAZAIND
) a a v a I3 EY v e
wssukazAudveIszuUNdn INThvesdndaliihvuiadnuin agdeudriulanuseuu

Tassngluirvesnisinihdrungiintanazilulumusaidounisiniidruniniadidlededivuanis
\Deuseszuulasstnglviin we. 2551
1.2 g15uaiin (Harmonics)
szuundnbiirvesgudaliirvuiadnuinardeslidadisnszuassueiindadigszuy
TasatglviAudadrdanmuunly muszdeunisinidrugiiniainshedermuansiBenseszuy
Tasstelnin we. 2551 dusunisasiatafisiuuseiudug uenmieandesinuatiaduliin

195§ [EC vmanzausld

1.3 usesdunsziion (Voltage Fluctuation)

v o

sruuranlniwesguanlwihvuadnuinasdeshineliiAaussunseieuAudadind
fmualinuszideunsinihdiuginnindhetedmusnisidenseszuulassiiglnih we. 2551

1.4 n1saelwdnszuanss (DC Injection)

szuundnlnihvesdndnluihwuadninnagseshinnglninszuansudrgszuulasdne
T Audadrdadismualy mussidsunsinihdrugiiniaindedeimuanisidouseszuulassing
v w.m. 2551

1.5 nmsaauguiaslni susaiin (Reactive Power control)

szuundnlniivesdudnlwirvuisdnuinazdesaiuisanivauiiusznaunidinie
madlniSueaiiniteSnuissauusaiu a yasedon Tiegluinusininsgiuves avn.  Teeszuunan

Iniweguelduinisagiefianuaninsafemsnei 1 asll

M15199 1. n1sarupuaalsenaulniiiidwasssuunaalntuismusEAULSIAY o adeliauiussuuuas ana.

= * aanuaunse lunisusu /. — —
FTAULTIAU ol A PCC . ABnsmrugumasinihIueaiin
A1 Power factor

1) szauusesusn 0.95 lagging to mueuldngniay 133 Ao

2)  szdunsedulIunananiesEiu 0.95 leading fifixed:displacement; factoreos @
wsaugs (MdmanAndslsiiu 500 Wueeretios
Aladne)

3)  SEAULSIAUUIUNANINTBTEAY 0.90 lagging to muppildedinien 2 33 fe
wseiugs (FdmanAndannnnia 0.90 leading 1) Aedidsplhcement factorcos
500 Alasae ) Siathalon 2) A variable reactive power depending

on the voltage Q(U)
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1.6 n'limuquﬁ']é'ﬂ‘mﬂ'l (Active power control)

sruundalniivegudalnirvuinidnuinagdesaimnsauivandidsliniiein 100
wWosidus woaudiedioud 1§ Tavanunsaufuanidslnihetredosnisay 10 Wesidusseuni il
ns@ifamanisaiiaunilussuulasaneliiividemanisallag dmslwilduniaiafiansanudauiu
Milnansgnusennulasaiouaziafissnmvesszuulassialni mslnihdugiininrzudsuay/vse

damshnusuannmiasininlamuanumungay

1.7 a2nudransalunisnudedn1izussnuandavads (Low voltage fault Ride

through)
szuundnlnihnesirdalnihwadnuinazdeslivandieseenanszuulaswieglni

meluaiimuue vaiiaussiuantivazlussuulassieliii lngfvuamuszauusiu o 90

oA o - o &
FMDLYDUAINITIN 2 AU

= a a ' o o v
MN13199 2. STESLI@INTSUUNA Gl11/\|ﬁ'1§1'131’1in1/|‘lmaan'l’sa,’LLiﬂ ﬂumﬂﬁQ"ﬂmxlﬂ

FAULTIAU o 90 PCC Duration time (3u#)

1) STAULSIAURT -
linaens

3 €
2) syauusulunanviosEAuwssiuas (Mamdnaessliiiu 500 Aladne)

o - @ =
3) sAuusIuUNavIesEAULTUG (MdwanAnnwnnndt 500 Aladng) U 1
usvau  (pu.)
1.00
0.90 |--- -t Ao meatao et l ;
daslinlanae3s '
(Must not disconnect)
0.50 f----s--f-mriarin- :
anlanees ;
(May disconnect)
0.00 : » a1 (3ur)

0 0.15 1.50

JUT 1. nsmiuaasanuaunsalunmsmudeanisusanuandaume (Low voltage fault Ride through)

mislifhdugiinig -2-
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1.8 nMsUasnuussiuAuazissiuiu (Under and Over voltage protection)
szuundnlnivesiudalnihvuindnuinazfesvanisasesnainszuulasstiglnii

MNUUIAYBILTIAUY Line to Neutral Tuszuulassinglvihiianeenuentisiisyylinumsnei 3. fsil

M151971 3. speraaniesilioussiulieglutiuseiuiiie

FTAULTIAY 0 JAPCC $282181AN2933 (FU7)
V < 50% 0.3
50% < V< 90% 2.0
90% < V < 110% wssuyuseies
110% < V < 120% 1.0
V> 120% 0.16

1.9 n1stasnuaduaiaza2uaiiy (Under and Over frequency protection)
sruundalwihvesrdalniwuadninnagieavansvsesnanszuulassiglni

elu 0.1 Juil Wemudnaeusiadiiliegluyi 48 Hz - 51 Hz

1.10 n1sdasnuntssngindanuuszuulnituenlan (Anti-lslanding)
wWiateanuldliminnisanelnuuvussuulninenlaaluvauginsyuulassinglwialud

It szuundalwihvesndaliihawadnuinvansasesnanszuulasselni anglu 2 3undl

1.11 nsiensanauAudgseuulasetgluia (Response to utility recovery)
) P a Y a I )
A1evaInA sz vurdalnivesgraalnirvuiadniinUandiieseanainssuy

lassnelviih Wesnniialwihduvenswiu/manuilioglutisiinmun essuulasselviinduitng

a v a PN 2 v ' & | v v
amasﬂnmLLmsz‘UUNamlﬂﬂwammam“lﬂﬁwmﬂLaﬂmn%mawmanmmsmamaﬂavmqiwu

Tasavnelwitdunatsgnsisy 20 Juafine 5 uai

2. Satmunsus

2.1 n1sweashu (Earthing), N15U84NUN138A995 (Short circuit protection) wagn13fnnBUY
wazn1sUandu (Isolation and switching) Ihulumannasgu IEC 60364-7-712

2.2 ms%’mmz,l,azaﬂﬁy'm?m‘Tﬂf-gzumwlw% (Power quality Monitoring) ausgidauns
IWﬂ"lahun“ﬁmﬂ'jwé’aaiaﬁmummsLsﬁamiasswichzha‘lwﬂﬂ We. 2551 1 Andalviivwimanuin
HDITAMN BONLUU WarRnRISEUU Monitoring Systemns ei’m%’ugmmw"l,w%ﬁms"l,w%dauqﬁmﬂ
aansniengdoyalusUuuunanads (Real time) riuszuudunedidndaldundoya useiuluil
nszualwiianuilng fdslisih sausgnourids THDv, THDI, Pst, wag Plt Wusu saumsazdasdnds
FIUNUHANIINTIVInANAININTIAN PQM muquwas‘w‘%agmmuﬁmslvdﬁﬂdaunvﬁmﬂﬁmumﬂu

Usgdmnidiou

miliheugiinig -3-
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23 guaalvihvuiadnuinifaseszuundalniiuinnds 56 Alatnd adesdiszuu
Monitoring Systems #in1slwvhdiuginiraiunsaisengteyanisudalniluguuuuiainss (Real
. ' a s & K a o 1 S WY v o w o 1%
time)  W1uszuLBWRES S auenndiadusingg Fdldundeyadtdslnia wdsenlnih adnudy

weofing gaunall 1Tusiu
2.4 @ wsunswedlesluszuusvuiensen 380/220 Alalan

241  YUINAAHANRARISINVBISTUUN AN NG aufaluni awlassn i hsesii

armasliiiuy 25% vesvuainandawlas muraduilalad-weuwys)

242  MNMSNANRARITINYRITEUURAALNHMLYD 2.4.1 Weounewiudndnm 25%
vesuuIaiiandouUasuds dndnlnivsesluweunslusyuudmuiiewsiu
22 v 33 Alalad leedndnlwihazdealufdammiouladmieuas

aunsaitesfiumunnasgiuresmsiwihdugiinasely

2.5 gudalwihunadninnselafibiiudermemanedadueliusmsaziewinnis@ne

wazuhlunansznuiiiaduiimndanudndudesdnisuivsssyuulasaeli dudalvihaundn
[ v a ' P = BT 4 ¥ o ' a a £ a v oA ]

WINABITURAYRUALTIEIANTY NN INThaIugiiniAreaIudNSNI SRS UY N TeNsD

fussuulassnelniudusies T

1 a a Q‘ i ° a
2.6 msien unuM AFILANSIUNSIUABURUA STOMAUATNUNATA AN AL Ya

Wemnulasaduanudeielavsssruulassinglilwaznauselovinedausrudundn

3. nMsnagau

3.1 d01UUUs aNU2 BN NAERU

1. szuuwdnlniagieshumsvaasuanviemadeunnisiihdugiinnaeeusu
2. ViownapUaZARslATUNISTUTRINNINASFIUBAAGRY ISO/IEC 17025:2005 SOHIUNS
1 o/ d‘ I d‘ 1 a al
asavgeUasUMMEw/anTuiilunadlulsanannisinihdiuglinreeusu
3. syuundaliihiiiunisneasuainemedeulumslsung arsoaldsunisnsisdautay

o ' A= & ' a '
SUTINANITNAFDUINNNUILIU/FDIUY V]Lﬂuﬂa']\ﬂuﬂi3LV|ﬂ'V1§@ﬂ'ﬁlWﬂ']ﬁ'Juﬂv§Jﬂ']ﬂﬂau

3.2 USennNvaIn1snNagau

3.2.1 nsnadauluisanadau (Laboratory Test)
nnaaulaeMiIeuAINTe 3.1 uasvindoulies 1 fae 1 u iieduduinmniiin
Ainasldauass agdpsaunsanuauaunlniuar nevauasseszuulnih lanun

mslwihdugiinafivun lagazdewmiliunismaaeuluidensi
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(1) ssueiln (Harmonics)

(2) usadiunszifien(Voltage Fluctuation)

(3) msaglainseuanss (DC injection)

(@) msmuaumaslnisuoniin (Reactive Power control) kag3sn1sAlIuAY
maslnHSuondin

(5) mamupumasluv (Active power control)

(6) AuansalunIINuseanIITLsIUATIvaY (Low voltage fault ride
through)

(7) mstesiunsadiusuaruswiuiu (Under/Over voltage protection)

8) msilestuanuimuazamiiiu (Under/Over frequency protection)

9) msvesiunsielwuussuulniuenlan (Anti-islanding)

(10)MseusienaduAudngszuulassune (Response to utility recovery)

3.2.2 n13AsvinRn W InHILazn sadeunIaauIN (Field Test)
N1INAFUNIAAUNNKAENIIATIVIAAUNNINTAuTUNTIagnsInTdIugiiaia
il
1) msvegoumaauiivhteiifesinsnageusiil

(1) nstesiunmsvnelnuuussuulwiuenlag (Anti-lslanding)
(2) msL%auGiané’uﬁw,%ﬂgissuuiﬂiwha (Response to utility recovery)
(3) nmsvadeulanmsideuse (Load rejection)
2) manmeisun i iivadeiifewmsinindsi
(1) ws9au (Voltage Level)
(2) frnad (Frequency)
(3) gnsuelin (Harmonics)

(4) usssunseiitey (Voltage Fluctuation)

4. YURAULAZISNIINATDU

4.1 nsnagaugIsNaiin
Tisredsiuneuitnsmadeusamsgiu IEEE vl IEC fvmngeanld
4.2 nisvaFBULsIRUNsEINaY
TsneBatumeuiinsmadeunmmnsg 1 [EEE wie IEC fwmnzanld
4.3 arsnadauntsieiinszuanse

119198 9UABUITNIAGDUMNNINTFIY IEEE w50 IEC Mmunzauls

nslifaugiinie b
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4.4 MINAHBUNTSAIUANAIEIINHITUEATIN (Reactive power control)

mmagaunsAUANMATHTSweAiin iBuduitszuundnlwihannsaniuaumsiunse

emasliisueaiinliasanivsunaninls lnefivuneulummeaevetisiiesdisil

a)

b)

d)

e)

)

Anasuaziteusiogunsalsruundnlnih muduugdiwazdoivuaniamaiinain

€

2 %
NaRgUNTUUL

az®

2

AsrvdpuAINITTwe Inmuavesunasnglniliegluaniznisiaulniives
gunIalsruuRAnlni

Funaaaulaeimuelissuundalniidglniaud Wesiwudvesinaiiddlui
mmfuﬁwmaﬂ%iﬁsswmﬁmlﬂﬁﬁmﬁ'}é’@lwﬁﬁuaﬂﬁwL%W@jisuuauﬂssﬁ"ﬂﬁ
AR wagvimstuiinenmadlnisuendin, AsnUsEnauraslnin e
nsneadeumiiouds ©) Tnetmusliszuundalningielui 10, 20, 30, 40, 50,
60, 70, 80, 90 uag 100 Weswunuasinanasiniimudisu wagvihnmsvudinen
Adalniduendin, Arsussneumasindhdile
usliszuurdalnihisudslnfgudivosisudvesitaidlnihanduinms
U%’U“I,ﬁszuuwﬁm‘lﬂﬂﬁuﬁﬁﬁﬂwﬁﬁuaﬂﬁwLﬁwéssuuauﬂssﬁqlﬁm%aqﬂ wagynms
Tuiineniasluinsueaiin, Ardusznouiiaslningiles

Wnsvedeumiioute ) wirmualiszuunanltniirdelniito, 20, 30, 40, 50, 60,
70, 80, 90 way 100 wasiwuavasinaniadbifwazsinnisvuiinarfidsdnidrSuen
T, Arsusenaumdlniiale

v = v o/ e 1 v s 1 ﬂ”
910U C) 8498 F) gsavufinNanIaaeUsE I UeER I 19me UL

P97 4. AreE1enS1sTURnNanISAgaU
P (szuundnluiln) | P(@9alA) | 2Q (Feganrinld) | PF. (Wiald)

0 %

10 %

20 %

30 %

40 %

50 %

60 %
70 %

80 %
90 %

100 %

nslifhahugiinig
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Mla15081989UNDUTTN1INAADUAINNINTFIUBUY NREIUAIINAINTTIUNITTUNTRTY

maslvihSueniingsaanuderivuai

4.4.1) msvadau A fixed displacement factor cos e

weguduinsruurdalnihauisaauaumsiglnlulyunaluey Power Factor wuu

v v Py ad -1
ﬂ\ﬁ’ﬂ,ﬂ IﬂEJN‘UUG]@U'Jﬁﬂ']S’WﬂaaU@aq\‘]u@ﬂﬂ\‘]u

a)

b)

o)

e)

Q)

h)

AnfwaziveureaunsalszuundalnihauAwugiwazteinuaniumaiaain

- il
NanRUNTaIULY

e

2/

nsIERUATNISITLD STaMNAveIuvasdre i legluanignisvitnuunfives
gunsalszuunanlni

Farnlszuunanlninsnglwii Power Factor Setpointiiiu 0.90 Lagging (1#3©
0.95 Lagging) Inefiszuuwdnliingelnd o, 10, 20, 30, 40, 50, 60, 70, 80, 90
uag 100 Woswumesinamastninuaau
Suhmsmegeukaryhnstuiineniildegsiesdimnssd 5
FarnlszuunanlnihaelniiPower Factor Setpoint Wiy 0.90 Leading (13®
0.95 Leading) Inefiszuundnlniiisnelni 0, 10, 20, 30, 40, 50, 60, 70, 80, 90
wag 100 Weswusmasinamaslniismuainu
Surhmsnageukazyhnstuiinendildeeossinissd 5
FaArlszuunaalniihselniiPower Factor Setpoint Wity 1.0laefiszuunan
Inihanelnil 10, 20, 30, 40, 50, 60, 70, 80, 90 uar 100 wWeslwusvesfing
Aadlnifauaiu

SumsvageurazyinnsTuiinaflseg1aouninis1eai 5

AN51991 5. 29819915190 UNNNANSNAFaU

P (szuualvih) | PF. (@dwium) | PIald) | Q (AFald) | PF. (@Tald)
0 % 0.90 lagging
10 % 0.90 lagging
20 % 0.90 lagging
30 % 0.90 lagging
40 % 0.90 lagging
50 % 0.90 lagging
60 % 0.90 lagging
70 % 0.90 lagging
80 % 0.90 lagging
90 % 0.90 lagging
100 % 0.90 lagging

mslidugiinie
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91991 6. firedramssiuninNanIsagaU

P (szuuwaalwin) | PF. (fidavium) | P@ald) | Q (@3ald) | PF. (ATald)
0% 0.90 leading
10 % 0.90 leading
20 % 0.90 leading
30 % 0.90 leading
40 % 0.90 leading
50 % 0.90 leading
60 % 0.90 leading
70 % 0.90 leading
80 % 0.90 leading
90 % 0.90 leading
100 % 0.90 leading

TUAN150819890 U UITNMINAAR UMNNINTFIUBUY NausafgatlmuasalunsAtuau

msaelwluluun Power factor WuuAsh auUenIviua

4.4.2) mMsyagau A variable reactive power depending on the voltage Q(U)

= T A a ' Y Y -
Lwaauﬁu’JﬁSUUNaG\lwﬂ’lﬁ’m’]'mﬂ’JUﬂﬁJmimﬁl‘lﬂuImJﬂﬂ’m@mLLiﬂﬂuLLUULLiQﬂumM

v Y ad 1 £ o &
1ﬂ IﬂEJN‘UUG]@U'Jﬁﬂ’]iVl@!ﬁE]‘USEJ'N‘U@EJWN‘L!

a) AnnsuazieudogunsalsruuNanl suAuuzdkareimuaamAtiaaN

e

9

b) ssrrdeuAINITITeINMUAvasmaIT el lregluaniznsyinauunfives

nangUNIAIUUY

o

gunsalszuunanlnih

o farlisruunanlnihaelnd Voltage Setpoint fanseil 7

d) SuneaeulaLIuTinANlaRInNSI9N 7

e) nsmnlsyuundalnihaeglnd Voltage Setpoint Ain151991 8

) BuneaaulariunANlafIn1s199 8

miliihaugiine
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M7 7. Aregremnsresiuinran1snageu

P,setpoint | V,setpoint P(Vi%’ﬂ‘lﬁ) Vi Vi Vi @ ("7;'5'6\19'1') Expected Q | Shifting Q
(%) (Vac) (Vac) | (Vac) | (Vac)) (Var) (var) (dQ)
Lower Limits
<20 0.93Vn
<20 0.91Vn
20-30 0.91Vn
40 0.91Vn
50 0.91Vn
60 0.91Vn
70 0.91Vn
80 0.91Vn
90 0.91Vn
100 0.91Vn
100 0.90Vn
100-10 0.90Vn
10-<5 0.90Vn

M99 8. AreENIMIS1TUNNHaN1TNAgaU

P,setpoint | V,setpoint | P @30l | Vi, | Vo | Vi | Q@30ld) | Expected Q | Shifting Q
(%) (Vac) (Vac) | (Vac) | (Vac)) (var) (var) (dQ)
Lower Limits
<20 1.07Vn
<20 1.09Vn
20-30 1.09Vn
40 1.09Vn
50 1.09Vn
60 1.09Vn
70 1.09Vn
80 1.09Vn
90 1.09Vn
100 1.09Vn
100 1.10Vn
100-10 1.10Vn
10-<5 1.10Vn

Mlau150819837unp WIS N IMAdRUANNINSINEU Y anunsafigatanuansalunsauAy

msPelnlulnunAIuALL SR ULUULTIUASTLA Audeiviug

mshiihaduginig -9-

112



4.5 MWARaUN1IAUANNIAIINAN (Active power control)

o w a4 v ' a
n1snaasun1sAtvAuiIaslniuiedesn1snsIvaeuitsrvundalniraiunsanlvay
Ml laeeil

1. aunsausvanmaslnihlaegnstiesnsiay 10 Woasiwunreui
2. awsavsuanmidalniivmng 10 Wesiwudvesiiia laeniszuundnluiilivaanis
Wauranuszuulassune i
3. fdumpuIdNsNadaUAall
a) PnnsusziWeusagUnsalszuunAnlvivhmumwusiuazdeiuanamaingn
Y a L3 :.//
WHARYUNTUUU
b) ss3dRUAINIITNeIN MNAveIWaI gl lviegluanigm v nuUnAves
gunsalszuundslvii
5 1 o £ v a :/I 6 6 & €
o seAmsmuaumddlniliuivanasesiag 10 wWesiwud 30 100 Wesiwud
awv o w R ] & ¢ & « % ° a
vosfinamasinihaunsegnifanionudiuasioud wagawrin1svinaubue) ves
syuundnlnihienisvirauluanigund
d) Suneaeulaeliszuundniniisielui 100 wWesiwusvesinanidslndraniy
yimsusuanmasininasmutde © wainnistuiinarmasiniuagiaisyuu
nanlniausavinnnsaniiasinihlalunsazass
Ma1u150819899UNDUITNIINAGR UMNNINTFINEUS anansafiganaduannsalunis

AvANMATmMadan mun

4.6 nsNARBUAINENNNTRlUNISNUARANZI IR UANT VUL (Low voltage fault Ride
through)
nMsnassUANE s alUN IR v RS I URNTaYae Tituneriinnsvadeusl

a) Padwuazideusogunssisruunaninimusuuriuazdasmuamanaiianinguan
gunsaitun

b) asedeussRieStaave AT Elileluan1ymsvhaunfvesgunsal
syuURAalin

O MmuansalunisnuseanTus ANty (Low voltage fault Ride through)
maa‘g@%una%ma%mmﬁ'aﬁﬂﬁuﬂLLasﬁ”'aﬁwnﬂiﬁwaquuﬂ maﬂ@ﬂ"e‘jul,’;a%ma%ﬁmnﬁ
Mg

d) TufinAnivinnsusuds

o) Bunaaeulnsdrasamsifaussiunn (1aesnsdnisesiussuulasenelnii) Tussuu
Tassinglninlinsmdonsdusening 70-80 wWasiwud, 30-50 waswunkaziiaania

5 wWasiwunvasuwssnuldauuni

mslifhaiugiinig -10-
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f) duiinArsreznargeaaiiszuundalnihdensaunsaliousenuszuulasstnelniise
A157991 9

' [0 oo -
g) LUINSNAEB UL UNTUAIANS199 9

M99 9. AregremsIelUinNanIsagaU

Test List V (V/Vn) Duration time (sec)
three-phase faults 0.7-0.8 Vn
0.3-0.5 Vn
0-0.049 Vn
Phase-phase faults 0.7-0.8 Vn
0.3-0.5 Vn
0-0.049 Vn
Single line to 0.7-0.8 Vn
ground faults 0.3-0.5 Vn
0-0.049 Vn

Mlla315091989 7R DUITN VAR UANNNINTFINOU Y NEUTaNEIU AWAINITAIUNITNUAD

ANITUSINUANTIVUL MUVDANLA

4.7 n15UpeNuULSRUAMAZLSIAULAY (Under and Over voltage protection)
YURDUITNINAGY Overvoltage Test Wag Undervoltage Test @osvinn1sva@au Trip

Time Test Wuaghetios Aams1enaluil

M13197 10. YUILNTMATBUNIABUAUDIABIIIGUE AU (Over voltage)

iade F1UIUAT
P YUIUNSNAGBU
NaEaU finagaau

(1) amé%’mazL%am'aQUnszﬁsxuuwamlwﬁwmwﬁ’muzﬁmaz%ﬁwuwwLwﬂ'ﬁﬂ
MngramgUnIAituT

(@) amsasusIiinestmavesuasielnihliegluangnmsinuung
vowunsalsruurdalniin

(3) @31 Overvoltage Trip Setting AfNUIIFUNAABY (AMUUVA, M) WAZAIAT

Trip Time o .
setting N15YNUBUY IAINNTINaUUNR
Test (m) , i
(@) TufinAnfivinnsusuns
(5) USuusssuunasangliiia AC (#ishassszuu Utility) iinduuazlmdnlndan
Ws3AU Overvoltage Trip  Setting  lnwognieludag 90%  vosvina
Overvoltage Trip Setting July usiliiasndn warmsliiduan 2 wihwes Time
v
Delay M@alivsaurunin
mslihduginie S
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Jhda | 31uIuAS
- YUAUNINAFBU
negau | Nnedeu

(6) Ysuuseduluihegrseelviaandt 110% ves Overvoltage Trip Setting uaz
adlTaunseviseunsalszuundnlvimeatnglmdiszuy

(7) tuiinszezafgunsalszuundalimeeadnglnidnszuy

a o ) a v H
ﬁmmﬂ I mAY mu’mmmu@&muwﬂawmaa‘u 2 AN

v a o ac P = v
VISJ"IULVWJ s a']ll'ﬁﬂE)'Naﬂ'lluﬁ@u?ﬁﬂ']ﬁw@a@uﬁ']uu']msﬁ']u IEEE %30 IEC VILW&J'W?‘NI@

M99 11. IUIUA MAFBUNINDUAUD SBsIaUALAY (Under voltage)

L) IUILUATY
L YUIUNTNAFBU
neEeu | Tiegau

—
—

fa
=)

afsuazionegUnsalsyuundalrihauduuziuazderimuanianatinan

HangUNInitiue

eXe

<y . : . -
2) aswasuAmmiinesnmuavesuvasiglniliegluaniznsviinuuniives
gunsalszuundnlni

(3) fsAn Under voltage Trip Setting vas¥ngUnsaiszuundalihiaussdunaasy

v
)

(guanews, m) wayAsA Setting Nsvhawduq irmsvinauuna
Trip Time (@) Tuiinaniinassuds
Test (5) Usuuseuumasinglngh AC (shassszuu Utility) anasuaglidnlndmuseiu

Under voltage Trip Setting Imaaeﬂimﬂ‘lu‘tm 110 % v83vu1n Under voltage
Trip Setting atluustlaidindn uazasliifunan 2 wiwes Time Delay #inslin3e
U

(6) USuussulwihegnateslvisnngd 90% 183 Under voltage Trip Setting wazadly
sunsgiigunsalszuurdalnihvgasslnidhszuy

(7) Uuiinsveznaiigunsaiszuuraniniiveadng it syuy

YINENG : M A TIWIULSIPUA LA UTIRDMADU 2 ASY
—

v a o aa - =i )
VUBLUA : G711 DDIVUADUIBNIVIAGDUATMANINIZIU IEEE %38 IEC yimanzaula

4.8 nsnadaun1sUaeiua21adAuazAINDge (Under and Over voltage protection)
JunauISMsnaaeu Overfrequency Test wag Underfrequency Test fiosvinn1svageau Trip

Time Test Wuaghetas aemsuesluil

msliidugiinng -12-
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= = a
M99 12, YUIUNMINAGIUNMIABUEUBIAUDE U (Overfrequency)

. Y
Wt %
AN
nagU
Aoy

VUIUNINAEDU

(3)
Trip Ti 1 pds
rip Time @
Test
(5)
(6)

(7

Anduazideuregunsniszuunaninihaumuugiuazdedmuamanadnangnan
. b

aUnTULUY
asvaeUAIdmesimuavewnaiglnilvegluannznsvihnudnfvesgunsel
szuunaa L

y « « o g .
73A1 Overfrequency Trip Setting maaqﬂﬂsmswuwamb\lﬁw N 51.1 Hz wazmAn
Setting N1svhnuduY vaswUnsalsruunan Wi AN siuUng

1 v

Yuiinanfivinnisusuaa

) P o a0 L o X v v v a
Jfuanuiunasnelih AC Me1assszuu Utility) ifindusazlmdnlndaianud
Overfrequency Trip Setting Tnglegnnelutag 90% vesuun Overfrequency Trip

AU

Setting IlUualiifiu wazadlilfiuna 2 wihves Time Delay finalivdouruni
Usumruilnifhegneesliganin 101% ves Overfrequency Trip Setting Asliaunsziis
Sunesmeingainglidiszuy

TuiinszeznmiBunesimesngainelnidnszuy

B : 41315091989 0unpUIBNsA@e U MAAEIY IEEE %38 IEC vanzaula

M13197 13, YUNTIVAFBUNTIABUALBIANAAGIAL (Underfrequency)

s U
Wate Y4
ATaN
nadau
Vngau

YUIUNIINAETDU

(1)

)
(3)
Trip Time 1 ﬂ‘%’ 3
(4)
Test
(5)

(6)

)

AnduaziToureguUnsniszuunanliihnudnugduas foruuananaiaanguan
aunsaitiu

psnaousmETne St avasdsialnihliagluanznsiundvesgunsal
svuundaluih

faen Underfrequency Trip Setting vasgunsalszuunanliid 47.9 Hz uazReAn
Setting ns¥hauBuY vesgUnsalsruusEnlihTiAnsYinuUnd
Suiinaiivinasusus

Usuanuaunasiagliiia AC  (isassszuu Utility) anaswazliidrlndaaanud
Underfrequency Trip Setting Iﬂa'lﬁag'malmm 110% %v93vu1A Underfrequency
Trip Setting avluuslaisingt uazadliifiuian 2 wihwes Time Delay fxdlavdeununi
Uumnuilnfregrsifeslsisinin 99% ves Underfrequency  Trip  Setting asld
unszagunsaiszuukanlniimgadelidhszuy

Tudinszaznaniigunsalszuundnlnimeaielnidiszuy

Y a o P - P v
WN']ﬂLVW‘] : ﬁ’]N'ﬁﬂaqqaﬂﬂuﬂau?ﬁﬂqiﬂﬂﬁauﬁquﬂ']ﬁjﬁ']u IEEE w59 IEC ‘Vll,‘quxallbLﬂ
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4.9 nsnagdaunisUasnuan1znisnelinuuuszuuIWinenlan (Anti-lslanding)

TensdunsuIsn1svagoumuLInsgIY IEEE %38 IEC Mmungauld

4.10 n1snadauNISeNdanduAudgsTuulasIdng (Response to utility recovery)

Ten98UnUIBN IMAGDUMNLINSEIY IEEE %38 IEC Mmungauld
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5. sUnuunsesianuszuulassdnglninvasnisinindqugiinie

sUBUUT 1 wuusnasgriumsiveslesmnlnia Guaasgldlniduiinesusee)

Utility's distribution line

Utility's distribution transformer

A
Yo

et

Utility's low voltage distribution line

Part of utility's responsibility

Part of Customer's resp onsibility

I

- O

Load 1 Load 2

INVERTER

SOLAR PANEL

Yanevn
- o - &
1. M1 wneiidimeingldlvielvtihan nwa.
o o o . M = . v, d o a
2. M2 wneidmeidmivanmhamdnuliiindaldanssuundaliish Solar Rooftop
ad & v LM € o Y v -,
3. nidififundioudateme Measuimindiuigunsalinnoudunseiuge
iz « p P - PSRy N .
4. nsdifinfnzuundabiihineaduaorfindinnnt 250 Alatad whedindunsecinquamilviihdnou 1 4o

5. 5BUUNARIIA Solar Rooftop Fadlaiiinsinfssuuinifwdsemdslvihiitorelistildiy nvin.

msliihaugiinng -15-
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FULUUN 2 wuuainasgunisidenleamieluiln
Gnesgldlnmiluiinasusigauazuelnliiuinanioutaudn)

Utility's distribution line

o)
T

0
= [E 4

Load 1 Load 2

INVERTER

SOLAR PANEL

EN

1. M1 wneddimesglélvihdelaihain nvia.

2. M2 wneiidimesdmiuanmbendamilyihiinanldanssuudalyih Solar Rooftop

3. maAnAdolsiTelElnasAnainmneas M2+MIGUIIIN Aoln)-M1 @K nvin)

a. nsdinfssuunanivihaneaduaseiindinnni 250 Alatni svfiosindariostanuanlihdnoy 1 4n

5. 55UUNARIN Solar Rooftop #adhiiim sindessuuinifiu/drsomdsishiitovelvih ¥y aa.

m3lihduginie -16-
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sULUUR 3 wuusnasgiuntsidenlsandlnin Gaesgldlwduiimesusege)

Utility's distribution line

Surge

Arrester

;= O

Load 1 Load 2

INVERTER

SOLAR PANEL

MUIUNT

1. M1 mnefeiineslEldelnihan nin.

2. M2 wnsiaimefdmiuammbendailbiihinanldnnszuundalidh Solar Rooftop

3. nadlndsyuuranlibnnaduaeiindinnnt 250 Alatnd awfodindurdasinguanlibingo 1 4
4. 55UUKAMN Solar Rooftop Foshifimsanfyszuuinifu/dsesdslvihifeveitldiy mia.

nslwihaugiinig e
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Abstract

This paper present with high temperature effect are
consist to performance reduced of PV power plant, data
record analysis of PV power plant have area temperature, PV
temperature, PV voltage, PV current and PV energy, all data
have recorded in 1 mount. Time recorded of data start from
09.00 am to 3 pm. The study case founded at high
temperature PV power plant have decreased performance.

Key word : PV generator and energy from PV.

1. NI

g i o o
Usgmalne flulszimaniidnenindiundeau
A JAa R X 4 a 9 7 2 a4
wageINAd NANN 1N 1zAted lununuInadugudgas Taeategn
WA agsznIinazaga s 83 30 ala1 mile 83 20 09e 30 A1lan
witlo nazaesAgallszunm 97 8er 30 Alaazuesn 99 105 oeen

30 alan aziueen

)
Av Av o '

= Ao A a Y
Faninafiaeaina1d Banenwdansandalihenn

o a oA a o a ¢ A
wasnunaeiindlded1ed Taolinmasnunnanerindindsves

1A 2 o { & 3 '
Tanegniszum 20 Mi/m” —day sanaaslugzin 13azimn1an vin

ndanudaana g ldinalse Teand

v o ~ S v oA g A A
tadanszuasaieysen usinianeglunuiinianais
A o Ay v A ¢ A '
yoalszmelng Hamasnuinldanaeriadinas Taglszuuor
118 MI/m2 —day luumanuil angiseldnisanimansznui

a X a s s Aa ' a Y

aruINgUMgluA Ivarsivad Alkansznuaenmsnan luihein

o A ¢ ° = X do ' 2 Ao
nasnuuaseiad Tasviimsdnu luiiuiidenann delidnoainlu

a Y ' P Y a o 1 o A
m'iNaﬁlvlwwmgalummmwQN1nammnumwmmumaﬂmaﬂaﬂ

98" 100 102" 104
207 20
107 « 10"
R
,“
16 an 1
S L S,
5 1 et MJ/mz-dav
25>
N\
14] 3\ w
/,
23
2 b 2
121 ;‘; 7 21
)
208
, 1.
10 " 10 18
i / ‘ 1
y C 4
;;" / ) 16
s '~’ 4 g 15
A 2
- 14
13
6 6
N 12
<1

98" 100 k[ES 104"

FUN 1 uwuiwasuveslszmelne [1]

= <3 vi X A A o
g‘ﬂ‘ﬂ 1 Lﬂu]l@'ﬂ Wuﬂﬂ1ﬂﬂaN‘Uﬂﬂﬂ5$LW?{Vlﬂﬂ UANYNIN
a o ' ot A w o S
1umiwawwmam‘lﬂ%mgiummqua GlﬂglﬂﬂﬂﬂﬂﬂTWﬁQQTuLﬂaﬂ
A a P ) A d o =
‘U'fNIaﬂ ‘VlfﬂiﬂiﬂWﬁ@]qﬂﬂ1ﬂwa\1\ﬂullﬁ\1@1ﬂﬂﬂ ﬂmﬁﬂﬂu’gmanﬁ

uaslugia i

2. MIAUHUNY

I @ o o v @
2-4 WQBAIAY WA, 2560 159053 1AT UNTUA TUNYT BUNOIIDI DINTATUNYS



UNANNIVY

v '
msdszaguimnmsiasenieianssy luihumiinedemaTuladswueaa asedn 9

Proceedings of the 9" Conference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 207)

A Ao a
2.1 WHNAUHUNIS

L, = A Ao o
YnAMNH MIN1sANEININAUNS uAB VN HY 99K a

A % 2 Il AAw A
WizunIAIYEe1 FaseglunanarsvestszmeIng Tasilinnan

-
o
)
b5}
SBee
Lo
an
ee
=4
=4
=
D)
3

v
gunoUNYeHu TaIanssunsaTeaseil Un

a

' F]
o o v o @

o a ¢ ' ¥
Wﬁ\?\11u|lw%1i]1ﬂllﬁ\161ﬂﬁﬂ NITVWYBYNINIWN
&
n

po)
Lo
=
=
)
=4
ee
D
=3
2D
Lo

a4 X do o ~ & A o A <
EDNWUNIINIANITEUATATDYT U Ll]u u‘ﬂﬂlumimmuqmmu

) A ao v A
Uoya LW'E]'VI']ﬂ']i'Ji]Uoluﬁ’Juu

Project Location: Bang-Pa-Hun District

303

2.2 ginsaiilFau

I v o o v @
2-4 NQEMAN N.A. 2560 Tsausu 1Af LATUA IUN ;:3 suneiies sariadunys

'
a

o = aq v o
ginsainunanuiildanuanls uazvernauemmizi
a 9 @ a a -
mawansznulagassdimiumswan lifhonuaeriiadlasnsa
Y ¢ soq ¥ v a0 o a
1aun unslaarSivadnldaued Huves v35m Fumamalulad
o v = o s siq ¥ A &
ina Tagliswazidsaveans laasradnly uaadluasian 1 .
= = g dy
Ueazideaail

= = ' s sq
ATNN 1 i']EJﬁSLE]EJﬂﬂ']iJ']ﬂiﬁ']uT%ﬁ']il“liﬁﬁﬂi%iuﬂﬁﬂﬂﬁﬂﬂ

.. | TwaziBeaunalyarfisad STC .
Ay , e
U STP295 — 24 Vd

1 USIAUGE NI (Vinp) 35.70 V
2 NSO (Imp) 827 A
3| ussaumzilaees (Voo 4510V
4 NISUTVALAANDT (Isc) 8.57 A
5| ahasliihgega (Pmax) 295. W
6 | Uszanimnapaum 15.20%
7 | guugiihauvoums -40 °C 019 +85
°‘c

8 | HIIAUTINYDITEUY 1000 VDC
(IEC)/ 600

VDC (UL)

9 | meeeynsuihdileaiugga 20 A
10 | auennuaaanaouidaliih 0/+5%

a o

WUeIMe STC:NGUHMINAIIU25°C Handouuuamamaouii+/- 5%

o]

ANUAAINEINUIINANOINAT 1,000 W/m’

a

A a ' aq ¥ o s
AI1TNN 2 iwazmEmmatugﬂmmuwﬂmmnmaa UNYU

a U

Tagseuh 20 °C

.. | swaz@eaumalyaiiivad (NOCT) .
anu ) T3
74 STP295 - 24 Vd

1 UIIAUMNU (Vmp) 3230V
2 AILIARUTIY (Imp) 6.66 A
3| ussennzlaa9s (Voo) 4130V
4 | nIzuAIUZEA99T (Isc) 6.90 A
s | mmdavihgage (Pmax) 215.00 W
6 | Usz@nimmven 15.21%
7 | quuQinNUgagAveNg 40°C+2°C
8 | Audonnuammadeudidaliih +- 3%

a EY °

nueg NOCT:-Ngamgiiniagdoniiau20’c iandsunuaaianaon

&

M- 3%AIANUTULAINEINUIINANDIAAG 800 W/m2

a

a



UNANNIVY

Es '
msdszaguimnmsiasenieianssy luihumiinedemaTuladswueaa asedn 9

Proceedings of the 9" Conference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 207)

STP295 - 24/Vd % SUNTECH

295 Watt

POLYCRYSTALLINE SOLAR MODULE

Features

Migh modde cavenion Sed-deaning & a0 rwhactre
effciency \P I8gher module effoency
Moduk efficsency up to P o aot) ective

15.2% achieved thvough Irydeoghobic liyer with
advanced ol wehvalogy and higher fght absanption and
menifachring apablees minimal syrface dst

Postrve talerance acnbinrt weak dght
PATR Govmnred o L3 o

[xemiers pecicemance
—

undes low light conditions

Surtech current softing

Dadh (5400 Pacal*

pckaged by smpeeage

M« @O-

TN ers sn e
LR NCAUNL ACHITH, vty

'
A

31U 4 s1waz@eaunsildaumaaen(3]
unan1Flumsnageuazifsuiien 81 Suntech

YuIANHAT 295 3ad 150U 24 Taasi ju STP 295 - 24/Vd

-+ 250

/]
6 7[ 7 - \ 200

% 5 - \\ g
E N \\\ 150 @
3 7 2NN o
i V N ‘ Q‘\\V\
= ———~ N\t
. N
0 10 20 30 40 50
Voltage (V)
600 W/m? * 400 Wim? m=— 200 W/m?

‘= 1000 W/m? === 00 W/m"

310 5 qudnvazveww Tarsisadan 19 [4]

a

o

Auauiavena 151Ye4 Suntech ViNARRAN 295 A
1598 24 Taavi §u STP 295 — 24/vd #lFlumanadeuuay
nlBeuiisuiruiuedaag 40 Uk

o a

2.3 MIAUUHINIUNAGOD

9 9

Juaeumsauiivunadey iuiseszAndszunanlsd
3 A99Yo o (w a ¢ g
i lddmsulsvangurgiivmiveunaleariiaan 161lunis
nagoulilguungiiidias dnvuzitvesmsnaden nenmziam

Vv ! 9 o
wihnsawanielFlunsaruquoisanlsdi Tastloatunis

¥ § ¥ A a o
gador AlFlumsanlsdifienldunnawiuly Tavaughau

v
o

Y o 3 = 3’/
szaaalumsnageulianluseunisaz 20 w1h Taeas

I v o o ¥ o
2-4 NQEMAN N.A. 2560 Tsausu 1Af LATUA IUN 5 suneiies sariadunys

, - y 2 -
F981veamsaszuuii 10 N tazasaalumstlaszuy
H ad o ¥y 9 v ¥ & =
1110 I FUTIMINAFU T19AY AUALA 9.00 W. IUATLNIDY
o P2 JHq ¥ A o PR

15.00 4. Suupe garswaan Miesimsiadsiilumsnaaey

L 2 o T 2
AT W5 40 ume TaenSeumesuszouin luldvimsenalséin

Tusunmnu

a4 o a ¥ 23 A a
31]1’] 6 aﬂ“Hmzm@ﬂﬂWiﬂﬂﬂxﬁz'ﬂUﬁLﬂiElu%ﬁ?)ﬂﬂ'qmﬁﬂ“ﬂ [4]

2.4 Han1Inaaal

3 A N

NNITNAADN i$ﬂﬂﬁ!ﬂigﬁ1LW6ﬁﬂﬂmWﬂN Taeviins

a Y
v

a ) ' ' Ay A '
nﬁsmmfmﬂuizmwum ﬂf}ll“lﬂﬂﬁ?]‘lmllllﬁlﬂiﬂu'] uagngunaaoy

v
o

' sy ' 7 '
hliJﬁL‘].]iEJuWﬁ?ﬂ INITNATDUNU N ﬂWiﬁLﬂiﬂUWfl'Wlﬂiﬂ"ﬁ’JUaﬂ
a s I o A o o a
Qmﬂ{]ﬂlmﬂI“]fﬁ']il‘]faﬁ‘ﬁﬂﬂ’dﬂﬂqﬁl LAaggTINITOLNNNIAINITHAA

A 2 o {
T Idmvvudlssauaadduase 713

§ a s s
9]151\317] 3 W'ﬁﬂ15Wﬂﬁﬂﬂﬂ15aﬂ@m'ﬁﬂqﬂ“llﬂQL!WQI“}Sﬁ15!°ﬁaa9§]"Jﬂﬂ15

Fl N iof
alssinnSeumeudy luaalsdin

2 QUNYUUHINATOU('C) ANAINY (KWh)
anlsdh | Wanlséh | anlsdih | Nanlséh
19.0. 59 48.62 5410 | 62257 618.675
5.0.59 4426 43.04 | 55136 488.545
10 A.A. 59 43.04 37.59 627.97 636.215
15n.0. 59 37.14 4726 | 58211 584.375
20 1.9, 59 46.11 4365 | 415755 412.22
25 1.9, 59 42.74 4278 | 460.46 461.752
30 1.9, 59 41.13 4513 | 430755 42217

a

a




UNANNIVY

v '
msdszaguimnmsiasenieianssy luihumiinedemaTuladswueaa asedn 9

Proceedings of the 9" Conference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 207)

o a
sruudwlsiiuiaangumnil

400 -

A
W\ v ! \
RO D |

{ 73 o
U 7 nBeuieumaninmsanlsdilinuumanadous]
o A Y
3. ﬁ§1JNafn§ﬂ1!uuﬂ1u!!ﬁ3mﬂ!ﬁuﬂ!!u$
= s ¥ A N
nnmsAnyaznadey szuvdlsdinioanguygl
A A X w A v s ) a . a
ieguuglgerundsnui ldoin Tvarfivadiosasanguugiiilng
Y
mldineanugy@endsnu vinguyginsiiau duiu wans
R a o s s 9
naae duedldn msaaguugll mshauveslvarsaad el
aamsgapdenasau 168 2.33% Tasnmsnaaou szunusiuay 40 1
a o w 9 v < 1
Aamasluihsaw 11,800 Jad 195zeznamaae nuveyarIudou
I o v o a a o
nsngIaw 2559 uagilumuanudusiusilsz@niammsihanves

o
upeTaansimadas aums 1+Y, %(T.,-T) 910 nadeululasins

Cell

o a ¢ a ¥ i a ° o
TiﬂwﬂmaNmummmmmmﬂmuuﬁuﬂu SN UYL U

H 1}

ﬁNW'JﬂWi%uﬂiﬁaiﬂqﬁﬂ1 ua5Glﬁfflummmamuizuummmm

¥ 4o PRI A q v
WIATFIUUIMNNIYUA Tagnsnaasauailsdin L‘]J‘L!i$ﬂ$“] e Ll
a a Y a o Y a a Y 4 Jq 9
mﬂmwuuﬂﬂﬂwmu"lﬂ lnanansznudmT lsatrsaa 1
a ¥ a o A ' ¥ A
Lﬂﬂﬂiﬂ.llﬂlfﬂ%N'J“Vifhi’)‘u!ﬁﬂxm1ﬂLL5‘ﬁ1ﬁ]1uuTﬁNTﬂﬂﬁﬂU5$UU

v

) aq Y L4 s U o =) Y
Quuﬂ']iﬂTl‘ﬁﬁﬂqmﬂghiﬁj%ﬁﬁ!‘]ﬂﬁﬁ’l]%‘lf’)ﬂﬁﬂ‘l/‘lﬁﬁ\ﬂuqmulﬁﬂ‘lﬂ

Y,,,= Temperature Coeffi cient of Pmax

T
T. = Ambient temperature 20 °C
T,,, = Ambient temperature Area
a a
4. deAnssulszma
9 a o =] I o W
VBUVDUA D VDYAIN VIEN VNI Mmﬁmumaia NN
a o =~ v Ay ¥ 7 '
Hag Nﬁ'I’J‘VIUK‘]EJL‘V]F]IHIﬁﬂi1%uﬂﬂaﬁmui NIDUMBINTINNINIU

Wuedaga

5. 19NA1591909
(] usuiindeuvealszmalne
http://www.solargen.co.th/th/blog/1012/blog-1012
Fudwile 18 uns1AN 2560

X A A o P o o
21 funlAseams usEn 11ea9n Teasidwuess sina

I v o o v @
2-4 NQEMAN N.A. 2560 Tsausu 1Af LATUA IUN ;:3 suneiies sariadunys

(3]

(4]

[5]

Bangchak Solar Energy Co.,Ltd. 99/1 Moo 9 Bang krasan
Sub District, Bang Pa-In District, PhraNakorn Si Ayutthaya
13160 PV Power Plant Bang Pa-Hun (16 MW)

Fudwiie 19 upsIAY 2560

s Taniiwad 295 Tag
www.bannistersolarandenergy.com/_literature.../SunTech_2
95_Watt_Po

Fudiile 19 uns1Aw 2560
msﬁﬂﬁaﬁ:uumﬂisﬁnﬁaaﬂqmwgﬁ

Bangchak Solar Energy Co.,Ltd. 99/1 Moo 9 Bang krasan
Sub District, Bang Pa-In District, PhraNakorn Si Ayutthaya
13160 PV Power Plant Bang Pa-Hun (16 MW)

Fudwile 04 nuaniug 2560
miﬁﬂéy"ﬁzuumﬂigﬁnﬁamqmwgﬁ

Bangchak Solar Energy Co.,Ltd. 99/1 Moo 9 Bang krasan
Sub District, Bang Pa-In District, PhraNakorn Si Ayutthaya
13160 PV Power Plant Bang Pa-Hun (16 MW)

duduiiio 04 nuANTUT 2560

Keattisak Phunjumpa, Bachelor of Engineering

(Electrical Engineering) Rmutt

Rungphet Kongnok, Master of Electrical Eng.
RMUTT research with renewable energy and

management system and loss in PV power plant.

Boongyang Plangklang, Dr.-Ing., University of
Kassel, Germany, research with high voltage,
renewable energy, microcontroller and embedded

system.

a

a


http://www.solargen.co.th/th/blog/1012/blog-1012

NENR2017

NTUTEYUIYINTILAULIRIAINTTUINY AT 1

28-29 qugu 2560, Wne, Yay3

o a @
b3IBN LL%’QNGﬂWﬁWﬁ]?‘iﬂﬂUﬂﬂ'ﬂuQUUﬁuuiﬁﬁ NEnR2017

Gou  sAasygds Uaanans

A I ¥ a g I =3 @t - -oad n‘: ﬁj
auvirulddeunanuaduanysalidiunsuseguiginissedunaiaingsuide afan 1
(National Engineering Research Symposium 2017) #4dalag AmngiAinssumIans uni1inelas
walulagsvaeastyys seninedun 28-29 fqureu 2560 au 159usu Garden CLiff Resort & Spa #iven

Jarinvays Tuitases
“nsaszinanssnudausedulniivasgunpliunlearsigadliuszuulniiwasnuuaending”

lunsil angnssumsaniuny danuduiiesFeuliiiunsiuin unanuaduauysalises
ar 1 Fram | = o @ ke A’ d I
Aanae “drun1siensan” TaeliduuginannssunsEiIsuIunAM kiUl wIauil ielivity
Yiuudumanuliiianuauysalinngsdiu uagaslmituessunisdnavaunainudings Tuguuuy

Tamas (Poster Presentation)

= = <
WEIHUUUWBNIU

< v/
WAENTINTY 75.A2n5 819M89)
ANURAAMYIMINTSUAERS
wInegndenalulagsvaerasyys
Usesrunssunmsaiuanulseyaisins NEnR2017

§

ANLAMINTSUAENT WInedamalulagsvaasyys
Inséwii 0 2549 3558 , 0 2549 3578



gl

nsAnemansenuvasulnilulseluindenuuasenfindanuavesgumngiiuug

Study of Temperature Effect on PV Output Voltage in a PV Power Plant

o £ o ' ' o <&
WesAfng WIsURUIL, JWNYT N9IUIN2 WAy YU Jasnane3

123 o a . . - o ~ o o
nadienssulii augdmnssumans uninendemalulagavusnasyys

E-mail:1Keattisak_P@mail.rmutt.ac.th, 2rungphet_k@mait.rmutt.ac.th and 3boonyang.p@en.rmutt.ac.th

L 1
UNANY
UnAMNE U NauenISANYIRNANTENUIINQUNNTUKA
lgansiwad Ndwmasnanisussiulnindmaiindald luunaiiuil
o a o & v a 4 o a
Joyaninausiludeyaateiinvainlssluiin fid gumngiiune
wsiulnihale nszudlnith Inedeyamdeseuiu wuil ssuvasisy
Hanluily Asudiuasnsenuundleaisivad aunseviafisldfivasnn
= ' 9 Ay v ¢ %X
n3gNu InMsAnInUI ussdulndhildanuadleasisadidosa

dlogumgiundlearsivadirgeuuiage 0.7%

Adfiey: nandalninanleansiead lasiead | nagamgiise

wssulnignm

Abstract

This article presents a study of the temperature
effect of PV panel. We found that high temperature affects
directly to the PV cell efficiency. We have collected data of
panel temperature, voltage, electricity energy from the
operation of solar power plant in 1 full day. From the real
monitored data indicates that PV system will start to generate
energy when sun light hits PV panel and will stop generating
when no light. The monitored data also shows that when the

higher temperature caused the lower voltage, the lower

temperature caused the higher output voltage in average 0.7%

Keywords: PV temperature, PV power plant, temperature

effect output voltage
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Abstract

In this paper, is studying of performance analysis of PV module.
PV module is the main equipment of solar power plant used for 5 years,
that attached a comprehensive performance guarantee of 25 years by
manufacturer. Performance testing under Standard Test Conditions
(STC) is the requirement of PV module testing at solar irradiation 1000
W/m’ and temperature 25 °C. However, PV module testing must follow
the laboratory test condition before installation past 5 years to compare
the result with the manufacturer’s datasheet. The result must be the
same as manufacturer’s datasheet. CES Solar Cell Test Center (CSSC)
is the testing laboratory. PV module testing must do least every 5 years

for check performance degradation of PV module follow life time

compassion with company warrantee, test result founded some PV
module were performance degradation less than company warrantee.
Keywords: Performance of PV module, performance of Standard Test

Condition and performance degradation of PV module
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STP 290-24/VD| 290 281.8 97.17% 2755 -2.91%| Pass

STP 290-24/VD| 290 288 99.31% 275.5 -0.69%| Pass

STP 290-24/VD| 290 290.9 100.31% 275.5 0.31%| Pass

STP 290-24/VD| 290 283.7 97.83% 275.5 -2.22%| Pass

STP 290-24/VD| 290 283.4 97.72% 275.5 -2.33%| Pass

STP 290-24/VD| 290 288.4 99.45% 275.5 -0.55%)| Pass

STP 290-24/VD| 290 279.8 96.48% 275.5 -3.65%| Pass

STP 290-24/VD| 290 286.1 98.66% 275.5 -1.36%| Pass

STP 290-24/VD| 290 282.3 97.34% 275.5 -2.73%| Pass

STP 290-24/VD| 290 2859 98.59% 275.5 -1.43%)| Pass

STP 290-24/VD| 290 278.2 95.93% 275.5 -4.24%| Pass

STP 290-24/VD| 290 2834 97.72% 275.5 -2.33%| Pass

STP 290-24/VD| 290 2853 98.38% 275.5 -1.65%| Pass

STP 290-24/VD| 290 271.7 95.76% 275.5 -4.43%| Pass

STP 290-24/VD| 290 291.1 100.38% 275.5 0.38%| Pass

STP 290-24/VD| 290 282.2 97.31% 2755 -2.76%| Pass

STP 290-24/VD| 290 263.3 90.79% 275.5 -10.14%|  Fail 12.2

STP 290-24/VD| 290 287.9 99.28% 275.5 -0.73%|  Pass

STP 290-24/VD| 290 286.3 98.72% 275.5 -1.29%| Pass

STP 290-24/VD| 290 271.7 95.76% 275.5 -4.43%| Pass

STP 290-24/VD| 290 280 96.55% 275.5 -3.57%| Pass

STP 290-24/VD| 290 283.4 97.72% 275.5 -2.33%| Pass

STP 290-24/VD| 290 277.1 95.55% 275.5 -4.66%| Pass

STP 290-24/VD| 290 2752 94.90% 275.5 -5.38%|  Fail 0.3

Avg. Degradation 96.95% % Fail  12.50%

Average Power loss>5% 5.89
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[1] Standard Test Condition http://www.measuretronix.com/files/
metrel/PV_Installation_Tester-Th.pdf FuAu 18 ﬁquwu 2560

[2] guiiannuIATgIUIEE NAFELSLUUIBASIAIDIRAT (CSSC)
http://www.cssckmutt.in.th/cssc/home.php FURY 18/06/2560

[3] STANDARD TEST CONDITION (STC)
http://www.measuretronix.com/files/metrel/PV_Installation Tester-
Th.pdf FUNY 18/06/2560

[4] uEasadua01Aiag http:/www.erc.or.th/ERCWeb2/Upload/
Document.pdf @AY 18/06/2560

[5] quéiauIATgIUIAZNAd ST UUITaaIaI0Rnd (CSSC)
http://www.cssckmutt.in.th/cssc/home.php AUAW 18/06/2560

[6] Tasears1e Tasams UsHm &N S1na@maw)

http://www.bcpggroup.com/th/our_business Bangchak Solar

Energy Co.,Ltd. 99/1 Moo 9 Bang krasan Sub District, Bang Pa-In
District, PhraNakorn Si Ayutthaya 13160 FUAU 18/06/2560
[7] Suntech 290W http://www.selasenergy.gr/technical%20data/solar-
panels/suntech/STP_285-290.pdf Fufu 18 ﬁqmau 2560
[8] Suntech 290W http://www.selasenergy.gr/technical%20data/solar-
panels/suntech/STP_285-290.pdf AUAW 18 quiow 2560
[9] LHALEASLAN01ANG hitp:/www.erc.or.th/ERCWeb2/Upload/
Document.pdf #UAU 18/06/2560
[10] S1BOUHANATOULAITASLTI0MNAS a1 1, Bangchak Solar
Energy Co.,Ltd. 99/1 Moo 9 Bang krasan Sub District, Bang Pa-In
District, PhraNakorn Si Ayutthaya 13160 FURY 18/06/2560
[11] LLW‘L!ﬁlﬁl‘L!TW'L%IQ\1"Iu‘VIﬂLW]ul,mg‘l"lﬁl\?\ﬂuﬂ1\1l§ﬂﬂ W.F.2558-2579
http://www.dede.go.th/download/files/ AEDP2015_Final version.p

df AU 18/06/2560

Keattisak Phunjumpa, Bachelor of Engineering
(Electrical Engineering) Rmutt research with Case Study

of Temperature Effect Consist to PV Power Plant

Rungphet Kongnok, Master of Electrical Eng. RMUTT
research with renewable energy and management system

and loss in PV power plant.

Boongyang Plangklang, Dr.-Ing., University of Kassel,
Germany, research with high voltage, renewable energy,

microcontroller and embedded system
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