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Cooperative title: Solar Farm Installation and Design Study for VSPP at Nokornpanom Province
Student intern name: Mr.Sarun Soontornvatin

Faculty: Engineering  Department: Electrical

Advisor name: Asst.Prof.Dr.Warachart Suwan-ngam

Mentor name: Mr.Tichanon Sungkarat

Company: TTCL Public Company Limited

ABSTRACT

This project is aimed to study about the design and installation of the very small solar power producer by
selecting the construction site of the plant at Nakhon Phanom Province by which the company who
participates in this project is the contractor firm for power plant construction. This report covers the study of
several electrical system design stage including purchasing, estimation of construction cost as well as the
calculation of break-even point. The result of this study concluded that this project requires 590,000,000 baht
investment which is likely to reach the break-even point within the 11th year after the generated electricity is

sold to PEA.
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- IEC 61227 Terrestrial Photovaltaic power generating system — General and guid

- IEC 61345 UV test for Photovaltaic modules.

- IEC 61701 Salt mist corrision testing of for Photovaltaic modules.

- IEC 62108 Concentrator for Photovaltaic modules and assemblies — Design qualification and type approval.

* MUT NI IBAZIBEAIATTIUA AN 1AN Website
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2.2.10 msswmmmInfine N eyazdiuilsznouve iy PV Module 910 datasheet

ENGINEERING DRAWING (mm) CS6U-320P / I-V CURVES

Rear View Frame Cross Section A-A

Mounting Hole

5 10 15 20 25 30 35 40 45

B 1000 Wim sc @
B sowm 250
600 Wimy a5°C
B wowm es'c @
ELECTRICAL DATA | STC* MECHANICAL DATA
CSeU 315P 320P 325P 330P Specification Data
Nominal Max. Power (Pmax) 315W 320W 325W 330W  Cell Type Poly-crystalline, 6 inch
Opt. Operating Voltage (Vmp) 36.6V 36.8V 37.0V 37.2V  Cell Arrangement 72 (6%12)
Opt. Operating Current (Imp) 8.61A 869A 878A 8.88A Dimensions 1960 % 992 x 40 mm
Open Circuit Voltage (Voc) 451V 453V 455V 456V (77.2%39.1x1.57in)
Short Circuit Current (Isc) S18A 9.26A 934A 945A Weight 22.4 kg (49.4 Ibs)
Module Efficiency 16.20% 16.46% 16.72% 16.97% Front Cover 3.2 mm tempered glass
Operating Temperature -40°C - +85°C Frame Material Anodized aluminium alloy
Max. System Voltage 1000 V (IEC) or 1000 V (UL) J-Box IP67, 3 diodes
Module Fire Performance TYPE 1 (UL 1703) or Cable 4mm?(IEC)or 4 mm? & 12 AWG
CLASS C (IEC 61730) 1000V (UL), 1160 mm (45.7 in)
Max. Series Fuse Rating 15A Connector T4 series or PV2 series
Application Classification Class A Per Pallet 26 pieces, 635 kg (1400 Ibs)
Power Tolerance 0-+5W Per container (40' HQ) 624 pieces
* Under Standard Test Conditions (STC) of irradiance of 1000 W/m?, spectrum AM
1.5 and cell temperature of 25°C.
ELECTRICAL DATA | NOCT* TEMPERATURE CHARACTERISTICS
CsSeU 315P 320P 325P 330P Specification Data
Nominal Max. Power (Pmax) 228 W 232W 236W 239W  Temperature Coefficient (Pmax) -0.419%/°C
Opt. Operating Voltage (Vmp) 33.4V 33.6V 337V 339V  Temperature Coefficient (Voc) -0.31%/°C
Opt. Operating Current (Imp) 6.84A 6.91A 698A 7.05A Temperature Coefficient (Isc) 0.053%/°C

Open Circuit Veltage (Voc) 415V 416V 418V 419V Nominal Operating Cell Temperature 452 °C
Short Circuit Current (Isc) 7T44A 750A 757A 766A

* Under Nominal Operating Cell Temperature (NOCT), irradiance of 300 W/m?,
spectrum AM 1.5, amblent temperature 20°C, wind speed 1 m/s.

PERFORMANCE AT LOW IRRADIANCE

Outstanding performance at low irradiance, average relative
efficiency of 96.0 % from an irradiance of 1000 W/m? to 200
W/m? (AM 1.5, 25°C).

3UM 2.39 14 Data sheet Vo Tgariimad
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317199 U Datasheet AnsesuIeldRt
® Nominal Max. Power (Pmax) = AFAINIHAAVD ALY
®  Opt. Operating Voltage (Vmp) = fimsaﬁ’ugraqmﬁamiuﬁmu
® (Opt. Operating Current (Imp) = ﬁwﬂizgtﬂqaqﬂgﬁatmuﬁwm
® Open Circuit Voltage (Voc) = usaduilaurusad lisie Tnan
® Short Circuit Current (Isc) = Aszuaiouruad lide Tvan
® Module Effciency = UszAng nmveauriufiiuomyavomdsnuasoniing
e Operating Temperature =319gMM ALY
® Power Tolerance = fANUARIAIAABUAIEIVBULAL
® Cell Type = ¥HiAvOUTAALAIDIANG
® Cell Arrangement = N139A384Y0AFAA
® Dimensions = Y11AAYATII AINEIALANUHUIVDIAY
® Weight = Vimdnus
® Front Cover = ATTUNNVDILHUTI AU UMY
® Frame Material = i’ﬁ@ﬁ“ﬁ*ffﬁwaummuﬁu

= o =3

® Temperature Coefficient (Pmax) = dusz@nTvasmaggaiounuguHql

a A a

=

® Temperature Coefficient (Voc) = #u15z@nsusussaunlainsiieuiugamgil

a

=

a
® Temperature Coefficient (Isc) = M5z @NTyoINIIAaAITNBUALGUNYI]
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Device short name

Electrical specifications

AC

Nominal output power at 45°C
Nominal output power at 50°C
Nominal output voltage

Nominal frequency

Maximum output current at 45°C
Maximum output current at 50°C

Continuous operation output voltage

range
Continuous operation frequency
range

Power factor

Harmonic distortion (THDI)
Peak efficiency:

Weighted efficiency (EU weightings).

bCc

Nominal input voltage range, MPPT,

Max. input voltage, open circuit

Max. input operating current at 45°C
Max. input operating current at 50°C

Max. input short-circuit current
Max. input short-circuit current at
STC conditions

DC combiner

Number of DC inputs

DC fuse rating

General specifications

Service life

Power consumption, night time
Degree of protection
Enclosure

Seismic rating

Product weight (estimate only)
Product dimensions (H x W x D)
Ambient air temperature for
operation

Operating altitude

Relative humidity

Features

Type of coaling

Graphic user interface

External communication interface

AC/DC disconnect

Ground fault detection/interruption

Options

CS 1670

1670 kVA

1570 kVA

480 V

50/60 Hz

2008 A

1888 A

+/- 20% (384 - 576 V)

50 /60 Hz +/- 10%

Oto 1 lead/lag

< 3% at rated power
98.6% (Target)
98.2% (Target)

CS 1800

1791 kVA

1684 kVA

515V

50/60 Hz

2008 A

1888 A

+-20% (412 - 618 V)

50/ 60 Hz +/- 10%

0to 1 lead/lag

< 3% at rated power
98.6% (Target)
98.2% (Target)

750 V - 1500 V 800V -1500V
1500 V 1500 V
2272 A 2285 A
2136 A 2148 A
6000 A 6000 A
4480 A for UL models / 5600 A for IEC models
Integrated Integrated
10to 14 10to 14

160A to 400A
30 years: 30 years:

<156 W (Target):
Outdoor (Type 4X / IPE5).

<156 W (Target)
Outdoor (Type 4X [ IP65).
Aluminum

CS 2000

2000 kVA

1880 kVA

575V

50/60 Hz

2008 A

1888 A

+/- 20% (460 - 690 V)

50/60 Hz +/- 10%

0to 1 lead/lag

< 3% at rated power
98.6% (Target)
98.4% (Target)

890V - 1500V
1500 V
2293 A
2156 A
6000 A

Integrated
10to 14

30 years:
< 156 W (Target)s
Outdoor (Type 4X/ IP65).

IEEE 693-2005 qualification to high seismic performance levels (ZPA = 1.0g 2% damping)
IBC ICC-ES AC156-2012 certification to a SDS equal to 1.78g and with a z/h equal to 0 and IP=1.5U BC Zone 4

2800 kg (6160 Ib)

220 x 300 x 130 cm (86.6 x 118.1 x 51.2 in)
-40°C to 60°C (-40°F to 140°F)-40°C to -25°C (-40°F to -13°F) requires optional heaters

2,000 m without derating, up to 4,000 m with derating

5% to 100% condensing

Temperature-dependent low pressure closed-loop liquid cooling
Conext~Viewer application for mobile, tablet and PC

RS485/Modbus standard, Modbus over TCP/IP, and Ethernet/IPwoptional

Integrated load-break-rated DC and AC circuit breaker standard
Isolation monitoring relay and pre-connection isolation monitoring relay with GFDI and RCD

Grounding (floating, positive grounding, negative grounding), string current monitoring, class | surge arresters, AC insulation monitoring, cold environment

option (-40°C, -40°F)
Standards
Safety standards

IEC version: IEC62109-1, -2 / NA version: UL1741

EMC standards
Grid interconnection

IEC61000-6-2, -6-4 ; FCC Class B ; CISPR 11 Ed. 6
IEEE1547, California Rule 21, BDEW, CEIl, French Decree, IEC61727, PEA, South Korea, CPC and more

71 2.45 uAAIAIDE1data sheet YOIBUNBS RO BD Schneider

' ¥
Device short name = 18N09%03UM3 07 Tuaiu Anaundedn lvaawendavuiamds

¥ )
@ W

191 NAYDIBUNID MBI AU

@ A 9

o 1 o o
AC = ilumsuenmguanvagna Iihidm dfnszuaadunied e ninavesdunesmes

q

o

. o o a 4 - a

Nominal output power at 45°C = mmtmﬁwmmaulaaiLma§ﬂw1a1uwamHQu 45°C
. o o a = — a

Nominal output power at 50°C = da@1MWAveIB UMD AITUAQUNAI 50°C
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v @

4m11199 11 Datasheet au15003 110 1AAT
@

Nominal output voltage = u33au Inssuaadudmue ninaveduroiined

Nominal frequency = mm?iﬁ”lﬂ?am

® Maximum output current at 45°C = nszuagaqai Ifnufigumgl 45°C

® Maximum output current at 50°C = ﬂimﬁg{aﬁqﬂm%’amﬁqmﬂqﬁ 50°C

® Continuous operation output voltage range = §1MVD T FUVBIBUIBFIAOS Tumis I Tudm

NSEUAAAL

. “ 5 ! t:ll’ A o :q'n o d 2 g
® Harmonic distortion (THDI) = A1ANBUY0 3NN IAunB U IMe T as0anin $a0q

fanasgueans vl

a a o a ~ a
® Peak efficiency = U5z AnEamgagalumsianyesduneines nulasnszuaasuiy

nNszuaaay

. . ' v Aa ¢ o . @ o
® Nominal input voltage range, MPPT = GIULSITUAD DTN DT U IFDIATIN LU IFUVD D

136UD IR

® Max. input voltage, open circuit = Lmﬁ’mﬂmwsqaqa

Is)

®  Max. input operating current at 45°C = ATLUATANDIFITAN mwgﬁ 45°C

a

=

® Max. input operating current at 50°C = N3ZUAAAIFIFANGUNYI 50°C

® Max. input short-circuit current = NFZUAAAIINIAFITAVOIDUNOT ADT

® Max. input short-circuit current at STC conditions = PFELAAAINIFIFA W 0112 STC

® Number of DC inputs = $1ILBUNAYEIBUNETIABS HaBUNBI MBI IAAZAIETITMMEUATY
m3nenuIBIsH

® Power consumption, night time =

® Degree of protection = seaumsteatuagszapiiu Ip dan

[ [ = 4 4
® Enclosure = Jaavouduneines

q a

¥
® Product weight (estimate only) = 11in Tasilszaesdunesines

i . a 4
® Product dimensions (H x W x D) = A713A8 ATUETILAZAIINGIVIDUNETIADS
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2.4 Usg@nEmwiazmsgayds [3]
2.4.1 Performance Ratio
f1 Performance Ratio (PR) A0oAI1@IUU89AIHa31UNKNaa 1495991052 uuaon masauinis 1ao1n

Name Plate ‘UﬂQLLN\H“h’EIﬁ“ﬁ w11 STC

Real Energy

Rated energy
3o 51ﬁﬂ%1ﬂmﬁ‘i§ 14 IEC 61724 (Photovoltaic system performance monitoring - Guidelines for

measurement, data exchange and analysis)
2 1édN
Y
PR = —
Y,
= ' =7 o v 0 o " o w
Taui Yr Ao A1 Energy yield Taodludnsidavuvesnmasniuaemds il (/p) anszuviwad
f
a o - g
nagenad lneianilu kWhkwp uag
Y. fo mdandivvesmdrdaveslSuannudunaioniad (Wmd) aeainnnduuas
r
- 2 A 4 " < o ~ ey } . 5
WIAFIUN STC #aiIA1 1,000 (W/m®) 1i10991a1 PR (Fudvavi 11T (Dimensionless) Saa1u150
o =1 @ - l:ﬁ a a =
i ldnfsuieuguanyuzvesszuumaduminiiind Taglivuivsiavearadiazyunavesszun o
A1 PR Uargaunils
o [ a I~ [ = [l o ¥ = a
wilumazdeuanuamsovesszuulumsnda Wi 18 uegedosalsfaw i PR fifluds
l:{ 1 a = l:!' _= Eg = =y
mlsfuaaannummsovesssuudl uadilimsgydeinatuneluszuumadiaaifinddnoina g
[ 3
A9 laun
- Qﬂ!ﬂ{]ﬁ“ﬂdl“ﬂﬁﬁﬁ@ﬂlﬁﬂJmﬂuﬁdmﬁﬂﬁ (Temperature Effect)
- anuanlsnusnamiunawad (Soiling)
- 147154 (Shading)
- DC Mismatch / Wiring Loss
- Inverter Loss

- AC Mismatch / Transformer Loss
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Loss

OPV loss
@ Inverter loss

O System loss

O Energy

v
a A

A v ' a &
E‘IJVI 2.46 LLﬁﬂﬂL!Nuﬂ'lWEJﬂ‘ﬂﬁ'J‘Llﬂ']'i’gﬂltﬁﬂ‘l’llﬂﬂ"lluﬁlui:iﬂﬁ

Qy 1] |d. 1 % d’d =) ol H = dg =" =} Al |£!!;f-'$
DINUALMWAIAY PR 840 73% W31 0.73 Tuvaig Almsgadendnitiavusaunudn 3 GRITRETATEY
AFAIVAUNINDY 27%

A Aa &
2.4.2 ﬂ'l'iqﬂjlﬁﬂﬂ!ﬂﬂqjﬂﬂ']ﬂizﬂu (Loss)

b4
101 wilh 4 novers P= 1 iy :
\' |
{1 1003 k¥l
Fiis i
dewiation fron matiule rominal e o 4 :
efficioncy and G - 1000 Wi ? *  —— ‘ 977 kWh
mickile soitin p— gl I
I | 210 kb
Ticusule ternperatune 3%, COmEmEEEERS 1H y
; 219 kwh
‘A
|
Bohing 70 e |
¢ 882 kWh
P ‘-)
t SR g
DEKEAGES S ‘ BG6 kWh
)
SAPT mesmatch erron 156 s l
788 kwh
|
Ie ] & ‘
net s ~
5 rear = 756 kWh

v

JUM 2.47 uaRAUAINAS FUEeRNATY
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=)

& A a g [ :3 1w I3 o (] 9 [V - |
Taen ldmsgadoifevuiuszuy wliuegiuesmlsznoundn 3 ot1adeiufe

U g

- ummaﬁummﬁmf(w loss)

- 3£1J1) BOS (Balance of Systems or System loss)

a I'd 4 9
- QUBswesuaziouad (Inverter loss)

mMaguAsnnuRIadidIDIiad (PV loss)

Y
lsgnauale
- Nﬁmaqqmﬂqﬁwaﬁ (Temperature Coefficient Effect)
- HAVDINITADUAHBIADMUAATUVD A IUDAULHIAIFIA

]
= ﬁ"lllﬂﬂﬁllﬂ%ﬂﬁ?‘l'l\iﬁﬂﬂﬁL!Ndl"‘ﬂﬁi{

crystalline silicon

JUN 2.48 ueraawavoInIRBUAUBIRD AN AATUVEWNATAR Y TIAR T

1
g -
2
£ 06
& |
= 1
o {
0.4 4
=i o
|
|
{
0.2 J
a |
30
wavelength in nm
amorphous silicon e cadmium telluride (CdTe)
copper-indium diselenide (CIS)
a4
< 3
<
=3 p L= =
> ——— - ~ — - =
- -
o
o <
=
=

20
Vs range

30

module voltage Vin Vv

Sany

U
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20%
0% =
5 STC short-circuit current +0.07% per C
0% - '
é‘ \-r /
£ T 1 ¥ = Sy § T T T T i T
=
5 20 -10° " 1! ag 20° ‘.%‘ .. 40° s+ BO* 0 8e* 80° 100° |
<
- .
- e open-circuit voltage -0.40% per 4 =
FY
-20% —
MPP power -0.45% per “C
L Cl i Eiais SHieT e . N

temperaturemnsc

e

31 250 uaaavoguginTadonuaiams llhveurumadifiouiianiag sTc
Tavan1z STC Usznoumie

- QM ilUMAIYad 25 C

- AT 1000 W/m

- A1 Air Mass 1.5

oo

' Y
g 2.51 uganSinuanudunasnfindiiinadodumiuasiemalunsaaaurayad

& A =
Tavdnd dududlszmmoumilodugudgasozaadaumainlUdaiald (o Azimuth 7 0 0ae1) HaZTH

o ]

o ¢ 1 9 a A g 9y Yo o A 2~
L'fJEN‘Uﬂﬂllﬂﬂt“ﬂﬁﬁﬂﬂﬂﬁulﬂuiﬂlﬂﬂlﬂua%%ﬁﬂ LWﬂiﬂulﬂ'iULLﬁ\]‘l’lLI'Iﬂ’I"I’EIﬂﬂﬂBﬂﬂQ“IJ

L)
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3211 BOS (Balance of Systems or System loss)

Usznavude

- Module matching

Series
100 W 100 W, 100'W 100 W,

]
- &
400 W, (4x 100 W)
Series
95 W 100 W, 100 W, 100 W,
|
- -
- -+
380 Vv: (4% 9% W)

710 2.52 narAINIABOYNITY 4 LKA

o v | o
ﬂ?ﬂﬂ’NﬂTiﬂ@Llwﬂlmﬁﬁllﬂﬂﬂuﬂiﬂ
] o o

amuwunsde Taslumaradndaimas lfidugauss I8 damda s usidugnung

328U 400 A6

nma dunisdeunalaell 1 ussiidids ey luansailunaldmiss s awegiunadgaii

@ o o 1 o 1 o
dammua M1 1871 380 Tad umufvziiu 395 Sad

- Shading

Surrounding building Geometry of building Plantation  Depth of cover strips

<

Dormers Roof punches Moving components  Suspended components

ﬁi' d' = g o 1 1
71U 2.53 dnvazvoanfa vV 5 19A199

- String voltage and power configuration
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mumber of sirings connected in paralie!

2o | 3 Vs
+ T
valtage Vin V

curret fin A
|
ST
-

717 2.54 uamaurunMsaeurvesszLY Taelinsaooynsulumes wAzMIABILIATEHINGATY

fregramsasumaadnie Iy
mMsnevsveaRuyasmeluszuy daulvgszGunnmdesynsunieluaasuieIiia1s1dU DC
9 @ A J 4 5 & ' = 1 @ A g 2 o
Wiz auiudunesaes nnusuiusazaadwisevuunaieumsiunssuauayias 1
o w a g v s 1 = T oa = o = o
aud1ay suiuawsasulunaazaasandstmsuniolndifvedulduiniige msizaziilunisaans
gaduneusieiasifudrdunesines

- DC circuit design

51/ 2.55 HAAWHUATNMTADIIDIAIU DC
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A20019UHUNINATTADIDTAIU DC UDNINUNILAZ ARSI danananisnaaniaa i1 Iae

v oA Y o 1 ' a oy ' . . a o
AIWIIULRD Qﬂﬂiiuﬂu‘] mtﬂuw%mu DC Uﬂﬁiﬂﬁﬂﬂig'ﬂﬂiﬂﬂﬁﬂuﬂﬂﬂ'}ﬂ t¥U Blocking Diode, N']ﬁ,

Breaker, Terminal Box “194

8 =

iumiaﬂmmmzﬁymﬁmmwummmmmu

w o

yavesginsaisananliduiuiiugu

- Wiring L.oss

/

o

auiania Tnsin 14

Thuazaszua Iiilsznounu Taefivedouiie

~"\.‘ —————————— -

317 2.56 uamsnsANUAUIUT TzHA sadu I veesz U (Vpm) sazanueas v

nsmANUFURUT Tz usean I vesszuy (Vpm) 7

wartioannnszua I azanueaie I

A o eyl @ 2 P @
Tagh nmdudne Wunmwvesais AT AuATIGA 2.5 mm® nazamdiuen ume Wiiniga 4

7 & ' ad A4 o 1 A 4. Y
mm” Fuiuldndree ihdiuinmhdalugugmmnsaldnnueivesans I 1 &unduiias i

HAENTEUTAINY
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= I ' 9
unosmaiuarvouad (Inverter loss)

Usznouda

- ¥TIAUDII USRS

'
a A

5105 2.57 uaaanisi e ouds s ans nmuedunes e yianiuag 143 Transformer

4 .

dnvazvouduilssansnmuedunosmes

o a a a ~ X [~ i o] -
amdaae Shunsiszansammsutadivesiunosnesnld Transformer daaziiiuldnsniinrged

a

STETL Sizing factor Uszinm 1.0
)

) < = o ¢ a A 1 & 8 oar a. e d' =
NMNWATUUN Lﬂuﬂﬂﬂmmaunmmawuﬂﬂw Transformer ﬂ]Ni]z(l'ﬁ’ﬂQFI'I“IJ‘SSG’TIITJ‘HW%?NLL@SM?‘I

U

o

Sizing factor TN319WINATIVMIAYRIBUNES AT dnbuzveadinlsz@ninmvesdunedinesiiivuia

PV system AN

il

A = a ¢ SAq ¥ s
1 2.58 ugraamsuisuiisuvinavesduneimoiildrevinaveszuLad
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< ' o w 4 ' a o .
nngdazitu ldhvinamadtvesssuumaad (Ppy) nazarmds Iiivesdunesines Piny) v

3 a a A [ =& o o o/ ' a & A
nadalszaniamlunisuladldiinareny Favzdesduus dfusanuduiaseriadindos el

Uszneumsiinsandlsnals l¥aunesmesvuiala

- ywevesndaulawazyiinvouna Tulaon 14

Type 3PN 50Hz Dry Type Cast Resin Transformer . Coppsr Windings
HV side 22 KN, With off-cirouit tap charngers +/- 2 X 2 5%
LV slide 400 230 V. Vecktor oonnection Dyni1 B J m
Rating Paower e WA 50D 630 B0Q 100 1250 1500 2000 2500
MNo-Lomd loss .. Watk 430 1850 13RO 2300 2700 3102 200 S200
Lead lezs 75 e W S0 S900 B300 9500 11800 14000 17000 20007
Impedance wotage TS C ... % & 5 & 5 5 £ 5 =
>y = a2 1524 12.00 Q.60 768 E.00 £ 60 3.6
Fesctance Viltage - SR 5.0 5.8 S.ex 593 St 5.2L 5.25
b e Ll K 14,98 11.62 s 758 St 275 3.e1
Reziztanc= WVohages - 1.18 1.1Q 1.04 0.56 024 .3 .65 Q.60
™y .t | 3T8 278 208 15 121 0.58 .64 3.81
Rot=g Cumrem  HY .. @, 1312 16.53 21.00 2524 3za0 L7195 S2.49 B5.61
L% .. amp. T2 SCra 1,155 1443 . 1 2.30% 2,887 3,603
I short cirouit LY | Izc ) .. KA 1290 15.2 18.2 2481 30 33 45 EQ
Soourd bewel [ Loa atter ) L degad 55 57 se 5% E3 61 B E6
Efficiency st P.F. =1
v  25% Load - 5e.58 96.70 = S8.85 L] 95.02 =L “a.01
@t S0% Leed % g8.as L= .00 w307 LRI b g% 16 91T o321
= T5% Load % 56.75 6 Bl 5. =0 o356 E= el 9%. 0% 9%.10 =312
ot TD0% Loewd g, 58,56 96.66 @87 o368z 5685 LR~ S6.95 a0
Wohage regulaticn @1 100%: lead
atPF.= 08 % 4.55 =50 < A1 440 4.35 £.33 £ 30
atPF.= 0.9 %% 372 3.67 363 3.57 355 3.50 3.45 348
=t PF.= 1 % .35 1.27 1.2 .24 1.12 o5 1.03 0.5e
Transfamner dimenscicn
L . PP 4550 1850 1660 18EC TEC 2050 2060 22680
L .. PRI 1450 14250 1400 1580 1850 1550 1632 16850
H .o framL 15TS 1550 170 1740 ATAD “91G 151Q 2030
Trareformer weighn .. Kg 1610 2000 Z280 ZT00 3100 380 L5680 SLE0
Enclozures dimernmon
L .. A 2400 2400 2400 2500 2800 2800 2500 25C0
L oo e 1650 1650 1650 1780 1TS0 1750 1850 1850
H .o TEETL 2000 2000 2000 2300 2300 230C 28030 2800
Enchrsure weignt .. Kg. 550 s580 S80 €50 550 EED 70 Tr0

gﬂ"ﬁ 2.59 uaaens1evdoasriia Dry Type Cast Resin Transformer , Copper Windings
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gl 2.59 umasilszAnsamvesnfou)asii p.f. = 1 TasuaasiievazvesInaaunzaung

ﬁ1dﬁuﬂﬂdﬂﬂﬂllﬂad“ﬁﬁﬂ Dry Type Cast Resin Transformer , Copper Windings VY9IUTHN Lan%’gwﬁmgﬂm

Type Ph 50Hz Qil-immersed transformer Conservator Type
HVside 22 KV. With ot-circuit tap charger +1- 2 X 2.5%

LV side 400 /230 V. Vector connection Dynl” R

ERARYE
Rating Powsr LEVALL S0 100 180 250 315 400 500 B30 | 750 800 | 1000 | 4250 | 1500 | 1800 | 2000 | 2500 | 3000
Ne-Laac lose ekt | 180 0 #0 500 700 630 1000 | 1200 | 1250 | 1300 | 1800 | 1600 | 2000 | 2100 | 2700 | 5200 | 3800
Lead lowm ."5:': LW | 850 | 4550 | 2100 | 2850 | 5200 | 4800 | SS00 | 8504 | 10800 | 11000 [ 18500 | 1800Q | 1800 | 18500 | 2300 | 26400 | 30800
mpecance volage 5 Ly 4 4 4 5 4 4 4 4 (] B § ] ] 6 [ ] 7
Ly w0 128.0 | 8400 | £000 | 2580 | 2032 | 1600 | 1280 | 0.1 | 1280 | 1200 | 880 | 7.eE | §40 | 500 [ 4@0 | 384 | 373
Reactanoe Vofiage . % 352 | 368 | 376 | 3&2 | 360 | 383 [ 385 | 383 | 583 | Sad | 583 | 586 | 567 | 547 | See | SM0 | 882

X 0| 1926 | 3000 | 3779 | 2448 | 183z | 1532 | 1231 | BBt | 1244 | 1188 | 935 | 750 | 628 | 547 | 471 | &7 | 346

Fawmstance Voltage % 180 188 | 131 116 | 124 115 1.0 | 103 141 1.36 135 1.2¢ 1.2 122 114 | 107 1483
R, L | BOBO | 2480 | 1393 | TS5 | 628 | 480 | 382 302 | 275 | 218 | 184 | 13 22 | 08 063 | 055
Rabted Current  HV coamp | 131 | 262 ) 420 | 636 27 | 1050 | 1312 | 16.55 | 1668 | 2100 | 26.24 | 3280 T6.73
Lv .amp| T2 14 23 381 &55 s ™ BoA | 1,083 | 1153 | 1483 | 1804 4380
Tohot orouit LV | loa KA 18 36 58 80 11 i i 3 18 L] 24 Ky K} 36 4 %0 62
Hiound level | Lpa 0.3m § ... dH{A)| 48 5 31 o 56 L) 5 57 54 56 56 & 30 B0 B0 a2 5

Effancy st PF =1
ot 25% Lo % B5.28 | 6283 | 9679 | 6482 | Seal | Sb54 | BABS | 9686 | GeEE | B.02 | 6005 | €991 | 8616 | OBSE | EAE | 8825 | 9.7
st 50% Lead L% B6A3 | se7e | 988t | 6602 | 5695 | 980t | 6308 | 5911 | SeET | BS00 | 9E.01 | €905 | 8011 | 8B4 | EA1T | 8827 | BR25
ot To% Lead . % gb1e | 8453 | 9673 | cess | ss7e | oe67 | P682 | 9686 | 9873 | BETT [ 0670 | G223 | 0686 | GEEZ | 5450 [ 9603 | 86.0:

ot 100% Lead . % 9763 | 82233 | o649 | oesd | 2856 | OEGE | 6872 [ 987D | 9Bdd | G240 | 9651 | E460 | GG.63 | DEET | BETS | B4Rl | G6ET

Voliage requiator at 100% loss

stPF.z 08 .. % 3685 | 347 | 334 | 326 | 33 325 | 322 | 847 | 470 | 486 | 488 | 482 | 481 | 458 | 452 | 448 | 510

stPF.= 09 .. % a7 | 84 | Z87 | 27T | 2@ s | 2n 382 | 308 | 387 | 382 | B0 | 37T | AT 863 | 4N
atPF.= 1 . % 166 | 162 | 138 125 | 1.3 122 | 147 | 146 | 158 | 155 | 152 | 145 [ 143 | 138 [ 131 | 128 | 127

Qyerall chrnarszn

L mr | 1140 | 1320 | 4370 | 1440 | 1530 | 1620 | 1810 | t805 | 1655 | 1855 | 2065 | 2180 | 2220 | 2220 | 2415 | I500 | 2545
w Lomm | BES TEQ 35 820 | 845 %95 | 960 | 1000 [ 1780 | 1180 | 1120 | 1280 | 1300 | 300 | 1330 | 450 | 60
H Lome | 1225 | 1480 | 1520 | 1540 | 4720 | 180 | 1880 | 1880 | 1645 | 1845 | 1915 | 2025 | 2126 | 2125 | 2285 | 2360 | 2630
Total weght Ka. 15 850 | toes | 1270 | 1870 | 1ef0 | 1820 | 2350 | 2730 | 2730 | 330 [ 370 | 4850 | 4475 | 5830 | V040 | S6T0
Oil quankly Lir 13 240 2 wup | 515 470 | 80 600 | 730 | TR B0 | 960 | 1330 | 1418 | 1370 [ 2170 | 2580

517 2.60 ugaIn1i1anTonaswiia Oil-immersed transformer Conservator

a“

gl 2.60 uaasnalszAntamveandoutasii p.f = 1 Tasuaasiiiovazves Inanauazuuna

araiuueaniiaraswiia Oil-immersed transformer Conservator ¥BaU3 1 tensywifouila
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Grid-Connected System Simulation parameters

Project : Grid-Connected Project st Hong Saeng
Geographical Site Hong Saeng Country  Thailand
Situation Lattude 174N Longituds 104 8°E
Tume Gefned as Legal Time Ta zone UT+7 Altitude 146
Abeds O
Meteo data: Hong Sasng  Metectiom 7 1 - Syrthelic

Simulation variant :  SUNGROW 500 kW + JA 320 W

Simusanon date  JEA1GHE 11h38
Simulation paramieter s
Canector Plane Orlentation Tt 14t Azimuth  0°
5 Sheds ch ABIm Cotlector width 309 m
Inactive band o 000m Bottom  0.00 m
Shadng kmit angre 13 Occupaton Rato 455 %
Models used N Ferex Ciftuse Perez Meteonorm
Horizon

Hear Shadings

PV Array Characteristics

el JAMG-72.320/S1
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Project : 30 T1510ANI5183
1. Geographical Site : A0TUNAIADINS Simulation
[
2. Situation : 92UBNATNAA TUEDIUNNYY (FU A1AzAYA AaDIAYA ATMIASHOUVOIUAS LAY Time
Zone
A = v 4 &
3. Meteo data : UDANNIVDINTAIVOYATDIUNUU U
4. Simulation variant : %0 Variant 115174
5. Simulation parameters : AMW1511ADT A1 MBI UADIRD T 10 IHAD DN
; 4 g ) ¢ ¥
a. -Collector Plane Orientation : uJumuiumsmmms:nmmwaa ﬂs::ﬂau"lﬂmﬂ
do o X
i, Tilt : YHUDWHININUAY
v i = 4 o £ = 9
ii. Azimuth : NAveUHuYad Tao Muua i yu 0° = Aald
b [ o £ 9 1
6. PV Array Characteristics : Ha9180391M5A 1M IMA0 1T Uszaevldde 2 dau
a. 1.PVmodule ; IRUYAALAI0IAE

i. Model : JUYDILAY

ii. Manufacturer : THBUA

i, In series : S1IUAUAIABOYNTUTY

iv. In parallel : SIUIARSINIMUAVDILH

v. Nb. Modules : S11MURI ARG UATIADI 14

vi. Unit Nom. Power : Maa Tvfveaumasadaoniiausuy misedhu wp
vii. Nominal (STC) : dalWihsmveamusaduaeinfiimuaiidosld
viii. At operating cond. : fAagagAfigaingl so ssruFvaifua

ix. Umpp: maﬁ’uqaqsﬁﬂmwwwiamgﬂmﬁ"u

x. Impp: ﬂimﬁgaqﬂimwia:ﬁﬂ'%a

%i. Cell area : MuRvOUARUAIDRATRIMIA
xii. Module area : RURAMUAYD UM A0 TiAd

b. 2.Inverter : DUNBSIADT
i. Model : judunsines

5 a9 a o P
ii. Manufacturer : UMD UIIDIIADT
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iii. Operating Voltage : TN UNBI Mes NN

" 0 @ =Y g X ar 1 o
iv. Unit Nom. Power : fi1ad Ifwesdunasimesaoniladd vilmiu kWac

=

v. Max. power (=>25°C) : daguganguyigil 25 oarniearte

3 G

: : o a s sy qud
vi. Nb. of inverters : mmuaunmmaiwmaﬂﬂmmm
3

vii. Total Power : mad Idfsamvesduneinavuanld

L = J dl = g 1
7. PV Array loss factors : mmmgtymﬂmmmnmumamwuwaﬁ

a.

b.

Array Soiling Losses : nnuSidudanugapdooindu viennuanisnvouiniu
Thermal Loss factor : ?hﬂ’s’liJQigL?fﬂmﬂﬂ’J'liJ%EH

Wiring Ohmic Loss : manugadsnnanudumuluaeliddunssuans
Module Quality Loss : A1ANNENYIAIMINARANYDILHYAT

Module Mismatch Losses : @hmmqmgﬁﬁﬁiﬁﬂmnﬂ”nisiaf“fummmiuwaﬁﬁﬁﬁq

ARAARDUN

8. System loss factors : A AuTuszuY UszneuTudae 2 dau

a.

b.
Y A
HHIN 2
1.
2.
3.
3 o
HUIN 3
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= =

1.AC wire loss inverter to transformer : ?hﬂ?lmqmulﬁtlmﬁﬂiuf’f'ltlhlﬂﬂﬁﬂﬂautlﬁlglﬁﬂgad
vidouilag
i, -Wires : vinauazanuevesayInnduneiimes lldmdeuila
2 External transformer : ﬁwmmqmjﬁ&mﬂuwﬁauﬂaqmﬂuaﬂﬁmﬁawia Uszneunag
i. -Ironloss: mmmgmut?fﬂ“lmmumﬁn

ii. -Resistive/Inductive losses : A1y AsVINdUAUAUFvoIndomla

r=1 1

Produced Energy : iaamswan el Tvhediu Mwh/yr

1] ¥ i
Specific prod. : e s wihfisusumdsgegiudunanuanan 1d miseily

L) a

kWh/kWp/Year

¥
Performance Ratio PR : mﬂszﬁmmwmaa"lwﬁmwmﬂam%gswuﬁmmﬂ

¥

= ' a A a & T~ '
Loss diagram over the whole year : fia laozunsufiuaasannugydoiinavuaasansd laun

s

E) 1
1. Horizontal global irradiation : S9ANINUANABIGIWLAY

o

v A2 ' a ¥ ]
2. Global incident in coll. Plane : ATNYUBYNUHNUASNITAAAIVDIULHY

-

=)

3. Near Shadings: irradiance loss : AT YLTULUDIVININ

(7]
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10.
1.
12.
13.

15.

16.

17.

19.

20.
21.
22.
23.

TAM factor on global : iniAe iiioannyuAdouivosneindiagms dzteuvesTag luury
Soiling loss factor : WlmiAeifiosnindsansn mu du udu deuriu

Effective irradiance on collectors : mstilaandaruse Ui uwdamiamaons oy
PV conversion : 1/5£ANTNNVDUIHY

Array nominal energy (at STC effic.) : WS I LRIMUAIBAANANINY L ANT ALY

PV loss due to irradiance level : AMWgayFaiiioaninssfunmsunied

PV loss due to temperature : mmqmtﬁmﬁmmnqm ‘Hgﬁ

Module quality loss : ANMgEnIasnAAmAIAToUMafd I fve sy

Module array mismateh loss : AMWgRyFoosARavosruiimd lWineufiqe

! ¥
Ohmic wiring loss : AN FuiiesnInAIudunIuvBImoIAafunsZuaATININLA

Y 1 LY
. Array virtual energy at MPP : WE4 M9 nuRuiavuanewingsuneiines

Inverter Loss during operation (efficiency) : ﬂ:1mqwus,?mmnﬂizﬁw%’mwmmﬁunﬂ%{ma%
Inverter Loss over nominal inv. Power : mmqmut?rmﬁaamﬂﬁmaﬂwamﬁu (AAIVDUHY
‘Ifii‘l'i‘uﬂmﬂﬂﬁ1ﬁ1ﬁd!ﬂWﬁﬂﬂﬂl®d§ul’J@gmag)

Inverter Loss due to power threshold : A gayisiiiosnnmssannszua lWiiimdive sy

namuatesnnmdamigavedunesiaei

. Inverter Loss over nominal inv. Voltage : A1ugaydoriioaninununaansgia Tihnussduding

dUUTIAUVBId U DT

Inverter Loss due to voltage threshold : ﬂ’J"IlJQ’ﬂJLE’EILﬁENi]‘mLLFiN NaﬂﬂizllﬁqﬂﬁWﬁLLNﬁHQQﬂ'ﬁ
U UVRIB U SIS

Available Energy at Inverter Output : NEINUNFIINFUB U SIS

AC ohmic loss : mmgrmgs'ﬁvﬁwmmmmmmﬁaﬁmﬂszuﬁﬁﬁ’u

External transfo loss : mmqmugﬁmﬁmmﬂwﬁmmmmﬂuaﬂﬁmﬁauﬁa

2 { a & 1 ' o '
Energy injected into grid : wawmmﬂuﬂwmummqmumtmawmnaum’ﬁqs:ummma
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3.2.1 TIUMIVOWNIFA519ad (List of PVmodules)
A g ¢ ¢ a4 v 5 Y1 oy g 2 Aaa e B8
duiiflumsvisienisve e Taaisadvoanattie lasfmvua 14 sudlunuusandaneumaine
UHIABANINNT 300 Wp Hag uuuRANNAEIA0IRINANT 140 Wp mawatiiosnanszu Tyans
a 0w = ] o o o w ] 4 o ]
funaaliihmgamarsdlatadsuiudesldumsnnamdannvoamazlszian e duduudusg 18

Tunuazdsevgasim

::l oy o
U 08 UYABLUNIDNAE (Brand of PVmodules)

1. Canadian 2.First Solar 3.Helios 4.Hyundai 5.JA Solar 6.Jingko 7.Panasonic 8.Qcell 9.Sharp
A . & A v ¢ I w A ~ 9y &
10. Solar Frontier 11. Trina Solar (Hufvevesuna Taa1ssaanaadeny 11 arennvatslszmanilan
a ¢

3.2.2 S1N150UND5INDT (List of Inverters)
druindlunismsensvesdunesmesveanawdte Iaetimua’lii vinadiae i deqlidesnn
500 kW Fasludomnuavesionisnagousunesmesveanis Wi ludszmelnedae Tasmuvuie
mAveem31ei Mvua i sunefinesiinndasluszuuiddddlidu sookw  aghimusn

; y ; 2 i .
sl usuuAT S uRY 500 kw18 m31zaziiu szuvfiesnuuuild1dmwe sunedmesuuiali

Youn 500 kW

9/

B ﬂﬁuna%ma% (Brand of Inverters)

1.ABB 2.Helios 3.Power one 4.Schneider 5.Siemens 6.SMA 7.Sungrow 8.TMEIC
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3.2.3 Ha910039V0911U51n5U PVsyst

1 a:fd 0 a J J = v 1A o [ a [
autitlumsane Tasmahaunesmesuazunusadiaseriiad niugiiosiasasinesae

Tumsidengnanga l3ludiuvesmseanuuusaly

INVERTER ABB SCHNEIDER
(kW) 500 kW 540 kW
Solar Solar
Sharp Canadian Frontier| Trina Helios Canadian Frontier| Trina
PV Helios USA [Thin JAsclar | Jinko solar  |Q-cell thin solar USA  [Sharp Thin | JAsoler | Jinko solar  |Q-cell thin solar
(Wp) 250 Wp [140Wp | 320Wp | 320Wp | 320Wp |280Wp |170 Wp| 325 Wp | 290 Wp |140 Wp 320Wp | 320Wp | 320Wp [2B0Wp |170Wp| 325Wp
PR(%) 76.25 79.62 77.35 71.68 77.19 77.91 | Ba.01 78.2 76.58 79.93 715 77.92 77.37 78.12 8219 78.34
Sys Prod.(MWh/Yr) 17927 18721 18187 18261 18150 | 18317 | 19284 | 18386 | 18007 18793 18223 18317 18192 18367 | 19327 | 18419
Specific Prod.(kKWhr/kWp/Yr) 1494 1560 1516 1522 1512 1526 1607 1532 1501 1566 1519 1527 1516 1531 1611 1535
Array Global power (kWp) 11999 12000 12000 11998 12000 12000 | 12001 | 11939 12000 12000 12000 11998 12000 12000 | 12001 | 11999
Module Area [m’) 80777 120294 | 72690 72752 71356 71570 | 86633 | 71638 80784 120294 72690 72752 71956 71570 | 86633 | 71638
In series 16 12 20 18 20 22 ] 20 20 12 20 18 20 22 8 20
In Parallel 2586 7143 1875 2083 1875 1948 8824 1846 2063 7143 1875 2083 1875 1948 8824 1846
Nb.PV module 41376 85716 37500 37494 37500 42856 | 70592 | 36920 41380 85716 37500 37494 37500 42856 | 70592 | 36920
Pv Pnom (Wp) 290 140 320 320 320 w0 | 170 325 290 140 320 320 280 280 170 325
Pv Pnom total (KWp) 11939 12000 12000 10002 12000 12000 | 12001 | 11999 12000 12000 12000 11998 12000 12000 | 12001 | 11999
Inv. Operate{V-V} 450.825 | 450-825 | 450-825 | 450-825 | 450-825 | 450-825 |450-825| 450-825 | 440-800 | 440.800 | 440-800 | 440-800 | 440-800 | 440-800 |440-800| 440-800
Nb. inverter 20 22 20 20 20 20 20 20 20 20 20 20 20 20 20 20
Inv. Pnom (kWac) 500 500 500 500 500 500 500 500 540 540 540 540 540 540 540 540
Inv. Pnom total (kWac) 10000 11000 10000 10000 10000 10000 | 10000 | 10000 10800 10800 10800 10800 10800 10800 | 10800 | 10800
Soiling lass (%) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 &
Module Quality loss (%) 15 15 1.5 15 15 15 15 15 15 15 15 15 15 15 15 15
Module Mismatch loss (%) 1 1 1 1 1 1 1 4 1 1 ;| 1 1 1 1 1
Wires (%) 25 23 15 18 15 17 1.7 15 16 2.31 15 i8 15 17 17 15
Iron loss (%) 01 0.1 0.1 0.1 0.1 01 01 0.1 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1
losses (%) 05 0.5 05 05 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 05 0.5
Inv. Operate loss (%) 2 2.1 2.6 24 2.6 15 25 2.6 2.2 1.7 2.4 2.1 23 22 2.3 24
= = v - o 1 y %
JU7 3.4 uamsmaaSeuitsuamnisNine A9 91NKa Simulation
SMA SUNGROW
630kW S00kW
Solar Solar
Helios Canadian Frontier| Trina Helios. Canadian Frontier| Trina
USA  |Sharp Thin | JA solar Jinke solar  |Q-cell thin solar USA  |Sharp Thin | JA solar Jinko solar | Q-cell thin solar
290 Wp |140 Wp 320Wp | 320Wp | 320Wp (280 Wp 170 Wp| 325wp | 290 Wp [140 Wp 320Wp | 320Wp | 320Wp (280 Wp |[170 Wp| 325 Wp
76.87 79.99 78.13 78.28 77.93 78.38 82.74 7881 76.9 80.35 78.29 78.64 78.28 78.46 83.11 79.17
18074 18807 18371 18403 18323 18429 19457 | 18528 18079 18893 18406 18486 18406 18440 | 19538 | 18612
1506 1567 1531 1534 1527 1536 1621 1544 1507 1574 1534 1541 1534 1537 1628 1551
12001 12000 12000 11998 12000 12001 | 12001 | 11998 11999 12000 11998 11998 12000 11995 | 11998 | 11998
80788 120294 72630 72752 17956 71576 | 86693 | 71634 B0777 120294 T12678 72752 71956 71543 | 86674 | 71634
18 12 20 18 20 20 8 18 16 12 18 18 20 18 8 18
2299 7143 1875 2083 1875 2143 8824 2051 2586 7143 2083 2083 1875 2380 8822 2051
41382 85716 37500 37494 37500 42860 | 70592 | 36918 41376 85716 37454 37494 37500 42840 | 70576 | 36918
290 140 320 320 320 280 170 325 290 140 320 320 320 280 i70 325
12000 12000 12000 12000 12000 12001 12001 | 11998 11999 12000 11998 11998 12000 11995 11998 | 11998
500-850 | 500-850 | 500-850 | 500-850 | 500-850 | 500-850 |500-850| 500-850 | 460-850 | 460-850 | 460-850 | 460-850 | 460-850 | 460-850 |460-850| 460-850
18 18 18 18 18 18 18 18 20 20 20 20 20 20 20 20
630 630 630 630 630 630 630 630 500 500 500 500 500 500 500 500
11340 11340 11340 11340 11340 11340 | 11340 | 11340 10000 10000 10000 10000 10000 10000 | 10000 | 10000
2 2 2 2 2 2 2 i 2 2 2 2 2 2 2 2
15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
1 1 1 1 1 1 1 1 b 3 1 1 1 1 1 1 1
1.6 231 15 1.3 15 1.7 1.7 15 1.6 231 15 18 15 1.7 1.7 15
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01 0.1 0.1 0.1 0.1
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 05 0.5 0.5 05 0.5 05 0.5 0.5
16 16 1.6 16 16 16 16 1.6 1.2 12 1.2 12 1.2 1.2 1.2 12
= = 1 = o . . 3
7U7 3.5 umasnaufSouiieuAmIs1ne $19991AHA Simulation (70)
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snnamssrasanaTusunsuiuez 1dmsSinseiiioadu Sunosnesine Sungrow 500 kW fU UK
52151908 Solar Frontier 170 Wp 11 % PR 1nfigadszrdandanu iunniigadot] fio 19538
MWh/Yr I8 Gunmsue lgaga usitufve ez Sauurui 1hhusnnhusasadlszan
asasalan 320 wp usazie Uszumaeanini lddunuluumsamuiuoinz gunnn e ¥
189910 % PR voauruAS ada laifiafiqAfo Trina Solar 320 Wp nARMAYTH 18612 MW/Yr ey
Solar Frontier 170 Wp 926 MWh/Yr usiiloTinsinaivq d1u Tosar i 1 ur U thin film Tifen

w

glyn, = 3 a 1 g ‘d"l L)
FAUW DIANITHAALAE % PR 92UINNNAIULUAND LUANNUNITAINU

a

3.3 FIUVDINITOONUUY (Part of Design)

3.3.1 AnvFadalarlneziunu (Single line diagram study)
Tuiadeiifuirdefddamnlumseenuuuszuy Tearivhiy idlosnnduialallaezunsuiunis
yoanmsaszuy Iivesnas sunveas i ldis s og mnuud leedadie nagAnuszun i
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Tifhdugiine (PEA) Tasvauwavesaiaiugesdauiediuvesms ez duvoudwos

druvedns
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TS UINTLUUTIMUIEAIY Load break switch uun143 TunAruiimesvisvoams I

dauund1ves

2 a da o ) = [ a w1 ' Y 1 a
Lilﬁnﬂﬁ?ﬂ“ﬁmﬂilﬁﬁﬂugﬁ (24 kV) ﬂ’mgﬂﬁiﬁuﬂﬁ ﬂﬂ?ﬂ mﬂﬁluﬂ%zf;ﬂmmmﬂﬁamm ulﬂllﬂ ATADULUN
L A ¢ ad & a ¢ a ¢ Y aa P A Y oA L 9 ¢ a
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3.3.2 AinuM3danaunalam1$9ad (PV Layout Arrangement)

¥
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) oL‘I-JTTI'.'T'E)"?Ji"]Ll‘lJiJ PV Plant HUADINUIDG aNHAE
' ' v ¥ 9 o A 4

ﬂﬂ'Nul'i NOUWNINUABIUNTFITINUNNDY

AIUVDIUMAINAANAI91Y (PV Plants)
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AIUVDIDIAS
LL‘LI'QL‘}dJu 3 @794 A9 Electrical Main Substation, Ware House, Guard House

1.Electrical Main Substation

= ¢ 9

3 a da H 4 5
Sueims 2 suilsznevlidae Hesadadines Heandugu, Aeatlszaw, Houi nazdus lumsdisn
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] o (] 1 (=Y 4 4 & .
Wuidoaguuivesmodeszuuiiviigegnanialaied 1309131011 Electrical Main Substation &

e

a1z toann N vBImNUIig Iz UMY

2.Ware House
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3.Guard House
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3.3.3 ANHITZVUNIIIAAY (Grounding system study)
N30 NUUUTZULNTIIAIEADIBONUULNED 3 d9U 1ALA Conceptual design, Main Grounding cable

route, Grounding system layout
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¥V
1.3U0UDY9952U1UNI19A9 (Conceptual design)

GROUNDING SYSTEM DPESIGN CONCEPTLUAL
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uagaziounedenuilu Loop 1vanaszun 59031 Main Ground Loop Taeldeednimeaunaviig 70

3
Sq.mm Loop #081e1ag Loop W1 921N15A0AAN IABLNIAMIN0AIAIINENT 3 1WA TAEAIIUAIUNIY
1 @ A [ "o ¢ = a 4 1 y o

UNANBIUAINUAUTINAUNINY 5 Tory A181u Loop szi@uaumiloduyaieuna¥ouiudlounayi
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1.1 PV Plants

P RUANTS |
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1.2 Electrical Main Substation
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1.3 Inverter Room
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1.4 Ware House
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3.3.4 fineszvuileauilin (Lightning study)
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3.3.5 AINKITLULNEIAI9UaLA5Y (Lighting and Receptacle study)
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3.3.7 ANYITZVUNAD929951A (CCTV system study)
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3.3.8 Anvuaumaduvesme Wyl (Electrical Main Route Study)
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‘ , Normal operation Emergency operation
Vohtage leve Max. l Min. Max. ~ Min. o
115kv. | 120.7kV I 109.2 kv 126.5kV 115kV
69KV | 72.4kV ' 65.5 kv | 75.9 kv 62.1 kv
33k | 347kv | 313KV | 363kV | 29.7kV
22 kv 231KV | 209kV_ | 242kv | 19.8kv |
380V | 418V 342V 418V 342v.
220V | 240V | 200V _ 240V | 200V

517 3.51 namamnanaaussaudouuuves PEA ANITMOUANIZA1

Lmﬁuﬂﬁmﬁau (Voltage Fluctuaion)
=1 [y @ 4 ~ z
Lﬂumnmmmunmﬁﬂumﬂ Common Coupling

9 o A = g 9 = ) o ]
- Suseasunszieniy 20 % TsdlWfvuadndealanranausanesiweonnnizuuiimienelu
1 3170

[ a A a =1 g} Y ar ° v
- Susasunssieuiy 30 % 154 lWihumadnde sl aameinsninessaneananszuuiimiieniely
0.5 3

kY [ A a < 9 = ) o 1 o
- usssunsaieumy 50 % IsdlivuadndeaanefnsninesTmesnnnseuuimuen ey
0.2 31N
ﬁ’aﬂsznauﬁwﬁ’q‘lﬂﬁ1 (Power Factor)
 udiuszuusunaiines szdesnadatsznoumaa i1 14 0.9 Leading to 0.9 Lagging (G110
e lihd e inavesdunedinesinnni 10 % voamaa Infhgagavesdunesines)

1 H 1 [ s 3 @ o o = " "
udui i lgszuusuneines wasensanlsenoumdalWda'13% 0.9 Leading to 0.9 Lagging
ANUINEY (Harmonic distortion)
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Common Coupling
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L ] Harmonic distortion
Total harmonic distortion
Voltage level sPyoliaze 95} _orderof voltage (%) |
s SRS SRS BRI Odd Even..
JAMSkvo o 15 1 |05 |
. 89kv. | 245 163 082
33 kV 3 2 1 _
11, 22, 24 kV 4 3 178 |
40V | 5 4 12
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I oume PV Module iimualiidenld 1dun
1.Canadian Solar 2. JA Solar 3.Jinko Solar 4.Trina Solar
Ay a o I o Y A gy Y
‘fedunesimes nmvualiidenld 1dun
I.ABB 2.SMA 3.SCHNEIDER 4.SUNGROW
o g’, [ o o Y =1 g ::; o
Aumstraeelulisunsy Pvsyst Wy szfmuavinamas Heduden Tagvinanui lusunsuazavam

& 4 e v oA A H 0
mw1$WNT1"U‘ENLLNQTN’H3J'FIET’J14WHﬁ Plants ‘nw11ﬂﬁmmmmmsmmmmmmmmn

Location: Nakornpancm

INVERTER

W) ABB 500 kW SMA 630 kW SCHNEIDER 540 kW SUNGROW 500 kW
Canadian | Trina Canadian | Trina Canadian | Trina Canadian | Trina
PV JAsolar | Jinke solar solar | JAsoler | Jinko solar solar | JAsalar | Jinko salar solar | JAsclar | linke solar solar
(Wp) 320Wp | 320Wp | 320Wp | 320Wp | 320Wp | 320Wp | 320Wp | 320Wp | 320Wp | 320Wp | 320Wp 320Wp | 320Wp | 320Wp | 320Wp | 320 Wp
PR(%) 7 78 n 7 78 78 78 78 78 78 77 78 78 79 78 78
Sys Prod (MWh/¥r) 16,925 17,003 16,899 16,986 17,186 17,265 17,098 17,247 17,037 17,115 16,963 17,099 17,138 17,217 17,102 17,199

Specific Prod.(kWhr/kWp/Yr) 1413 1419 1411 1,418 1,429 1436 1422 1434 1422 1429 1416 1427 1430 1,437 1427 1436

Array Global power (kWp) 11981 | 11.981 | 11981 | 11981 12,027 12,027 | 12027 12,027 11981 | 11.981 | 11,981 11,981 | 11,981 | 11,981 | 11981 | 11.981

Module Area (m') 72,574 72,647 72,647 71,638 72,853 72,926 72,117 72,926 72,574 72,647 71,841 72,647 72,574 72,647 71,841 72,647
In series 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18
In Parallel 2,080 2,080 2,080 2,080 2,088 2088 2.088 2,088 2.080 2.080 2,080 2,080 2.080 2.080 2,080 2.080
Hb.PV module 37,440 | 37440 | 37.440 | 37.440 37,584 | 37584 | 37,584 37.584 37,440 | 37440 | 37.440 37,440 37440 | 37.440 37,440 | 37.440
Pv Piom (Wp) 320 320 320 325 320 320 320 320 320 320 320 320 320 320 320 320
Py Pnom total (KWp) 11,981 | 11,981 | 11.981 11,981 12.027 12,027 | 12027 12,027 11,981 11981 11,981 11981 11,981 | 11,981 11,981 11,981
Inv. Operate(V-V) 450-825 500-850 440-800 460-850
Nb. Inverter 20 18 20 20
Inv. Pnom (kWac) 500 630 540 500
Inv, Pnom total (kWac) 10000 11340 10800 10000
Inv. Operate loss (%) 2.4 15 2 1.2
Mosdule Quality loss (%) 15 15 15 15
Medule Mi oss (%) 1 1 p 1
Wiring chmic loss (%) 15 1.5 15 15
Iron loss (%) 0.1 0.1 0.1 0.1
Resistive losses (%) 0.5 0.5 0.5 0.5
Soiling loss (%) 2 2 2 2
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INVERTER(KW) INVERTER Unit Price (USD) [INV. Q'TY| Total Inverter Price (USD) | PV Module{Wp) | PV Module Price {USD/Wp) | Wp(PV) |Q'TY[Modules)

Canadian 0.45 320 37,440
Trina 0.40 320 37,440
ABB 500 kw 145,000.00 20 2,900,000.00 e 040 e 7,420
Jinko 0.41 320 37,440
Canadian 0.45 320 37,584
Trina 0.40 320 37,584

SMA 630 kw 132,300.00 18 2,381,400.00 =
JA 0.40 320 37,584
Jinko 0.41 320 37,584
Canadian 0.45 320 37,440
Trina 0.40 320 37,440
SUNGROW 500 kW 100,000.00 20 2,000,000.00 m L 2 37,440
Jinko 0.41 320 37,440
Canadian 0.45 320 37,440
Trina 0.40 320 37,440

SCHNEIDER 540 kw 165,000.00 20 3,300,000.00

JA 0.40 320 37440
Jinko 0.41 320 37,440

-~ ¢
gﬂﬂ 4.2 Llﬁﬂﬁﬂ’liﬁ5']?]'1‘1]?3\1“!”31“1@15“11’@5
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ugiuBuneSInesuAazYsiia

Total PV Module Price (USD)

Total Price (USD) [Inv.+PV Module]

Total Price (B) [Inv.+PV Module]

5,391,360.00 §,291,360.00 291,772,958.40
4,792,320.00 7,692,320.00 270,692,740.80
4,792,320.00 7,692,320.00 270,692,740.80
4,912,128.00 7,812,128.00 274,908,784.32
5,412,096.00 7,793,496.00 274,253,124.24
4,810,752.00 7,192,152.00 253,091,828.88
4,810,752.00 7,192,152.00 253,091,828.88
4,931,020.80 7,312,420.80 257,324,087.95
5,391,360.00 7,391,360.00 260,101,958.40
4,792,320.00 6,792,320.00 239,021,740.80
4,752,320.00 6,792,320.00 239,021,740.80
4,912,128.00 6,912,128.00 243,237,784.32
5,391,360.00 8,691,360.00 305,848,958.40
4,792,320.00 8,092,320.00 284,768,740.80
4,792,320.00 8,092,320.00 284,768,740.80
4,912,128.00 8,212,128.00 288,984,784.32
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4.2 wamseenuuuFanalaiilaezunsy (Single line diagram design)
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PV MODULE INFORMATION

18 PV = 1 STRING.
2 STRING = 1 STRUCTURE.
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2.Ware House

Ware house
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4.4 52ULNTIIAAI

lumseenuuuszuunIAvzdsIvenuuundn 3 d9u 18UA 1.Conceptual design 2.Main Grounding cable

route 3.Grounding system layout
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1.2 Electrical Main Substation
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1.3 Inverter Room
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1.4 Ware House

3N 421 namanwazBuavesszuUNT18AL 1Y Ware House
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~ = o = s‘qy - I=1
AN 4.1 LAAIYHALAETIUIUABALAYEITZUUAT AR M 19

"

Type of Equipment Number of Equipment
THW Single Core 2.5 Sqg.mm 7488 m.
THW Single Core 16 Sq.mm 5980 m.
THW Single Core 70 Sq.mm 2024 m.
THW Single Core 150 Sq.mm 150 m.
Ground Bar 8 sets 6 Ea.
Ground rod, Dia 3/4", 3m. Long 26 Ea.
M3 4.2 naanaesgUnsaluessuunsAAT AT 1E
Type of Equipment Material Cost | Construction Cost Total Material Cost Total Construction Cost
Per Unit Per Unit
THW Single Core 2.5 Sq.mm 15.35 25.38 114,940.8 190,045.4
THW Single Core 16 Sq.mm 40.85 36.59 224,283 218,808.2
THW Single Core 70 Sq.mm 90.25 53.29 182,666 107,859
THW Single Core 150 Sq.mm 367.65 106.58 55147.5 15,987
Ground Bar 8 sets 2,500 1,300 15,000 7800
Ground rod, Dia 3/4", 3m. 1,300 558.76 33,800 14,527.76
Long
Total Cost 1,180.864.66
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4.5 wamsoenuuuszuveanuei

st Qy |
Taeszaumstloanuszau 3 1495n5anaunaIsAll 45 WA

7171 4.23 usraamsneturodydnualluszuuhir (ightning system)

711 4.24 wananmyuaImd1a (1) ¥0932uUIH1 ©1A15 Electrical main substation
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g1t 227 uamammwyudtudha (1) veaszuudi 9113 Ware house

310 428 wanamguAga (2) veaszuuiiE 91915 Ware house
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Ui 4.30 uamanmyudude (1) veaszuur 81A13 Inverter room
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* HUWING Jumseenuuiuezdsimmas M. F4ldam IEC uaz NFPA 1idaumia Taufa
mamuasalumsRathmynton ndammiviouszdumsioady

Air Terminal $1121E0 lammsnedalinsanay 45 m 9101151050 Auto Cad

Wo IMC ¥11@ 1717 14g11589 Air Terminal fA910 $142U Air terminal x 2710817 Taw 191 2.m do
Air Terminal 1 #9 uazaeudeseszdaiiuiu Tavtuag 3 m

Mo PVC ¥17A 1 111 Y00 1unpasauAIINed 2.5 m AoganoatAy nazaevdsdonsduiiugu Taviuay
4 m Flat saddle (ilug1589vi0 IMC Hafafumdan An9InT14IU Air Terminal x 2

Ground Test box 911UIUILINIAUIARDAIAY

Insulator Ground wire Support 11/UA789 &0 Bare Copper 18152 0 MERMUAMISRIY 0.9 m

18 Bare Copper iuaoaniasau I&nnsuzianuavetay

Steel plate 19U52AU Air terminal @2UUUUAZAIUAI ARIINTIUIYU Air Terminal x 2

A = o o @ =1
M3 4.3 naasriauazimauglnstivesszuneanudiii g

Type of Equipment Number of Equipment
Bare Copper 70 Sq.mm 360 m.
PVC Conduit 1" yellow (4 m./Long) 63 Ea.
IMC Conduit 1" (3 m./Long) 12 Ea.
Air Terminal , 0.6 m long 17 Ea.
Insulator ground wire support 400 Ea.
Ground Test box 10 Ea.
Hot Dip Galvanize steel Plate (150x150x6t mm.) 34 Ea.
Flat saddle 17 Ea.
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M3 4.4 nrmanmeunsaitanavesszuuosiuihiild
Type of Equipment Material Cost | Construction Cost Total Material Cost Total Construction Cost
Per Unit Per Unit
Bare Copper 70 Sq.mm 325 106.58 117,000 38,368.8
PVC Conduit 1" yellow (4 75 262.64 4,725 16,546.32
m./Long)

IMC Conduit 1" (3 m./Long) 290 752.40 3,480 9,028.8
Air Terminal , 0.6 m long 750 2,165 12,750 36,805
Insulator ground wire support 125 326.58 50,000 130,632

Ground Test box 2,025 865.55 20,250 8,655.55
Hot Dip Galvanize steel Plate 165 326.58 5,610 11,103.72
(150x150x6t mm.)
Flat saddle 594 1,102.50 10,098 18,742.5
Total Cost 493,795.69
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4.6 Namseammmzuuuamiwuasav’\’ﬁ’u (lighting and Receptacle design)
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A13139 4.5 uaraagnsainanuai 1 lusruuumahaaadiy

Type of Room Type of Equipment. Numbers of Equipment. Average [lluminance (Lux)

Meeting Room 2xTL-528W 6 356
General Room 2xTL-535W 12 436
Control Room 2xTL-535W 6 533
WC.Men 1 x TL-5 35 W and Dowlight 1 x 15 W I and 3 181
WC.Women 1 x TL-5 35 W and Dowlight 1 x 15 W land 3 181
Substation Room 2xTL-535W 12 473
Ware House TANNSINSZUDN 1 x 250 W 12 430
Guard Room I1xTL-535W 2 236
Tiolet (Guard House) Dowlight 1 x 15 W 1 185
Inverter Room I xTL-528 W 40 357

- Switch 1 Way 32 -

- Duplex Receptacle 16A, Indoor type 81 -

- Emergency lighting (2x6W) LED lamp 15 -

M3 4.6 uaassmgUnsaimanuailFlussuunasanaazdisy

Type of Equipment Material Cost Per Construction Cost Per Total Material Cost Total Construction Cost
Unit Unit

2xTL-528W 2,000 550 12,000 3,300
2xTL-535W 2,200 600 66,000 18,000

2 x TL-5 35 W (WP) 4,750 380 4750 380
I x TL-528 W 1,200 400 48,000 16,000
I xTL-535W 1,300 450 4,200 1,800
Dowlight 1 x 15 W 525 320 3,675 2,240
TAunsanszuon 1 x 250 W 6,500 1,250 78,000 15,000
Switch 1 Way 80 375 2,560 12,000
Duplex Receptacle 16A, Indoor type 205 375 16,605 30,375
Emergency lighting (2x6W) LED lamp 1,900 380 28,500 5,700

Total Cost 369,085
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4.7 HamIeenULUsZ UVIROUAAB1NWAS 1S (Fire alarm system design)

1 ‘dy = o & g A = 9/ [ [ = 9
TugruiivzesnuuuierfugUnsalusudeumgnd nd msoonuuuszuutesnudvarnmag lnid
9A09ponUULNEN 2 @91 1AUA 1.Block diagram 2.Layout

1.Block diagram of Fire alarm system

RM-02 - RM-09

'
=)

51/#1 4.38 1A Block diagram Y9932 Fire alarm

— < . 9 A v w a g
91ng1ii 4.38 13l Block Diagram veaszuuuduaudvdumas Wunsuaasgluuylaesiive
520w Taulungnaugy (FCP) fiogluioaniuguues Electrical Main Substation 230 V- 11w 11910

azu‘uﬁﬁm”lvl (UPS) Weuaen Graphic Annunciator L@ Addressable Module Lmsﬂ’mﬂmzums%’q
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P : A
weunsAumaIianua 2 Teu TaoTauusn Ao d11v8901A15 Electrical Main Substation Lias T¥uf 2 An

AUYD4 Inverter building

a o Call

g 4.39 Fyanwain1eg lu Block Diagram szvundufioussduimas

7]

~ - ' S o o
nngiii 4.39 namaiadveamo Tl udumiedien Taesunndaiugu Fep) flugaiunundn
vodszuuEesy IMihnszuaadu 230 v 910 szuudrseslil (UPS) iFouney Graphic Annunciator Tag

o N Y A 2 o . . =] Yl

Power cable Y11A 2x2.5 Sq.mm T14U 2 17U (FUTUAY) FIANHWLYOS Graphic Annunciator 111GNT1]
Y "y 9 = ' [} o Y oA Y oA =}
ugaalleganmii Tagozdnegsoun PV plants uazdauvesenms imihifiudufowmnnugalnud
Toyinozududon Tauriu Addressable Module tazuaasI@uastranthg d1uves  Addressable

Module 130180 IAAIUAY (FCP) 1A Signal Cable Y119 1Px2.5 Sq.mm %iiA Fire Resistance $11471 2

) v

= =

iU (@UAFY) ¥4 Addressable Module WimihiweudenugunsaludufsusedumaluTasuaieg 1y
y g
2 T iniudiowuilymigunseinezi1aru Tag Smoke Detector 1A% Manual Pull Station vzudufion

L4 o ] o g

F1UN Signal Cable Y11A 1Px2.5 Sq.mm %A Fire Resistance Tnugunsal 2 Milidousafiudiome
iduidion Wumeddudagy 430 idufionlids Addressable Module 1€1g@nIugy (FCP) nazas luans
'lﬂ?mmﬁﬂmm Graphic Annunciator

Qﬂﬂitﬁ%ﬂﬁ’; o Alarm Bell L‘?;Emﬁlﬂﬁ‘l_l Output Module (FJEﬂu Addressable Module ) 191111
MsuduReUANYUAGINIAY Smoke Detector (a2 Manual Pull Station uguand1eiiane i1y

4 3 o . a . . { 1w g ~
‘oo Ineiilu Signal Cable ¥11A 2Cx2.5 Sq.mm %A Fire Resistance 1ouaofusuwduder sluato

Azl 4.39
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2. M30DAILULAZNEFILNLIQUATE! (Layout design)

@214 Electrical Main Substation

UPS " .
DB "[HI-'il(: alarm Control panel  Graphic Annunciator
': <l
: c
| Addressable .
Module Panel Sty ¢ | ]
# i
&
General Room . ' :
h Substation Room
" o |
-- |
f I
H |
3 5 %
! RIS : A e 1

5UR 4.40 nMuvUynga Y Electrical Main Substation

- #04AI1AY AR Smoke Detector 1 A

- Substation Room AR Smoke Detector 1 @7

- oo fin Smoke Detector 1 #2

- General Room @A Smoke Detector 2 A7 @A Manual Pull Station 1 )
- fonhnis fia Smoke Detector 1 @2

- Meeting Room Al Smoke Detector 1 #9 @ Manual Pull Station 1 ¢ @A Alarm Bell 1 @3
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#@2UY04 Inverter building
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Ui 4.41 amuumsaaaaginsel s nverter Room 374

Nz 4.41 uanaliifiunsindsgunsal Smoke Detector 11 Inverter Room wila Addressable
Type wﬁﬂﬁmmms:uﬁumﬂaﬁu%’qgﬁau"lﬁ’uam%’mﬁauuuué’mTuu“ﬁsﬁawmﬁ”uﬁﬁﬂﬂﬂﬁ Taouanai
w11d Graphic Annunciator Hailanudfaun fie191n PV plants udiufvnalug mslduuusey
AumisvziIigyafifadamuazamnsondlyidodsinia

Smoke Detector ﬁﬂgamnsxﬁuﬁué’uﬁqﬂszmm 3.5 1MAT AIMUINA1Y Inverter Room H14910
misdudnonazuN 4 wasuaziaInmiuuEEa 2.25 AT AU MYNE

pliwums@adalu PV Plants ezifludnyaz@eaiu 10 Unit Substation stwmﬁ’ua'gﬂ"lﬁ"iw
luauve4 PV plants f’uﬂxﬁﬂﬂitﬁu%’«ﬁﬂuﬁﬂﬁ’mwﬁa Smoke Detector ¥7if Addressable Type AR

10 97
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~ {g’a . ¥ A v o =
313 4.7 uaasginsainavuailFlussuuudufounoaumas

Number of Equipment

Type of Equipment
Power cable 2 x 2.5 Sq.mm. 5m.
Signal Cable 1P x 2.5 Sq.mm. 820 m.
Power cable 2C+PE x 4 Sq.mm. (Fire Resistance) 10 m.
Graphic Annunciator 1 Ea.
Fire alarm control panel 1 Ea.
Addressable Module Panel 1 Ea.
Alarm bell 1 Ea.
Smoke detector 16 Ea.
2 Ea.

Manual pull station

P o ¥ ~ Y A o W a
AN 4.8 LlﬁﬂQiWﬂTQﬂﬂimWﬂﬂﬂJﬂﬂi“fﬂuiﬁUULlﬁ]ﬁlﬂ@uﬂﬂﬂﬂl'ﬂﬁﬂ

Total Construction Cost

Type of Equipment Material Cost | Construction Cost Total Material Cost
Per Unit Per Unit
Power cable 2 x 2.5 Sq.mm. 100.45 28.93 502.25 144.65
Signal Cable 1P x 2.5 Sq.mm. 121.45 30.75 99,589 307.5
Power cable 2C+PE x 4 171.65 31.97 24,031 26,2154
Sq.mm. (Fire Resistance)
Fire alarm control panel 580,000 9.100 580,000 9,100
Alarm bell 5,400 850 5,400 850
Smoke detector 2,700 480 43,200 7680
Manual pull station 18,000 570 36,000 1,140
Total Cost 834,159.80
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4.8 NElm‘iﬁmﬂlluui%ﬂﬂﬂﬁﬂﬂdﬂﬁﬂﬂ (CCTYV system design)

Tudrutivgeenuuuhedduszuundesdisnstla mseenuuuszuundssensilarededoenuuunsn 2
a1 14uA 1.Block diagram 2.Layout

1.Block diagram of CCTV system

UPS 01 230Vac

MBI W oy

POWER CABLE Cu/XLPE/PVC 2C+PE dsq.mm, 2.5¢q.mmm.

s LAN CABLE

Cll-41

VGA CABLE

RG~6 COAXIAL CABLE FOR VIBE® SIGNAL

FIBER OPTIC CABLE (8C), SINGLE MODE (F/¢)

31U 4.42 Block diagram ¥935211 CCTV
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2ngUft 442 uamsteduoseo i ludumadiey Tausunng CCTV control pancl fioglufosnunu
Y84 Electrical Main Substation ﬁ‘Juiﬁ’muﬂwﬁ’ﬂmmiww‘lé%ﬁu‘lﬂﬁmimmﬁﬁ’u 230 V 910 32001504
W (DB-UPS-01) TnuiifouaeAua18 Power cable 2C +PE 4118 4, 2.5 Sq.mm $11474 1 iy Taeludau
U84 Transmission equipment ‘U’Mf’f CCTV control panel WL‘?ISE]Mﬂ'Bﬁ}U LCD Color Monitor A8a1Y Power
cable 2C +PE UM1A 4, 2.5 Sq.mm 911U 1 (&% ALY VGA cable 1 /@uFedn YUY LCD Color
Monitor (flu9eyeiline fudaIn1EeegluiosnILANYBI8IAS Electrical Main Substation

Transmission equipment FaroudeTUAoNRNADS PC 9nA18 A28 Power cable 2C +PE 411A 4, 2.5
Sq.mm $1174 1 11 1AY A8 LAN cable 1 16U LBNYING Transmission equipment 3 liFeude iy
qunsal Converter 71611 Junction Box 341518 Fiber Optic 111 6C 1 18w \ouso Converter tiazlu
Junction Box9%i) Power Supply Lﬁﬂ%l‘]_!"lmgtl»m'mm UPS 230 VAC ﬁaémﬂumms Electrical Main

substation 1ALYZIA8 1A 0R1 18 Power cable 2C +PE U117 4, 2.5 Sq.mm $1u7U 1 1du 19110 UPS

¥ . Y ~ a =] 4 " o W
91m5 Converter 11ag Power Supply 71613 Junction Box Hfina1sduma fezieudenudindos
1995 Tart I LA 4 67 82088 RG-6 Coaxial Cable 311471 4 1&U L1az @18 Power cable 2C +PE U1 4, 2.5

Sq.mm 911U 4 17U AWdIAD

z.mi’e]ﬂﬂL&UULLﬁz’;Nﬁ‘ILmﬂdQﬂﬂ‘iiﬁ (Layout design)

729UVD4 Electrical Main Substation

Substation room

General room

51/ 4.43 nmuuyugalu Electrical Main Substation 5211 CCTV

¥

103l 4.43 uaasnisaaasgunsal lunmyugaly Electrical Main Substation Taan1eluvies
Control room 2% n&0479957/A%iiA Indoor type 1 #3, § LCD Color Monitor 1 #3, PC 1 /2, § DB-UPS-01

1§ naznuluoq General room fiqUnsald CCTV Control Panel 1 ¢, nd932305TATiiA Indoor type 1412
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N1l 4.44 uaasmsdaasgnsal lunmyugalu Warchouse Tagaeil ndoa1995TA%ilA Indoor type |
1 Tavazdoesv Iuazdoygyio 910 Junction box fieglue1A15 Electrical main substation 498718 RG-6

Coaxial Cable §147U 1 (#1 1AZ T8 Power cable 2C +PE U11A 4, 2.5 Sq.mm $117U 1 134

Bui 1

Guard room

v

71 4.45 nwuuuywgalu Guard room 21U CCTV

' ¥ E 4
1INg1 4.45 nanamsAaasginsel lun vyl Guard room TaondessiiiinuensIn1s Guard room
YAAnd0a1993Taviia Outdoor type 1 3 Tavazdeasy Iz doyayias 110 Junction box fioglueinns
Electrical main substation A28a18 RG-6 Coaxial Cable 914U 1 (&1 uazee Power cable 2C +PE UU1A 4,

2.5 Sq.mm 911U 1 17U
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Type of Equipment Number of Equipment
Power cable 2C+PE 4, 2.5 Sq.mm. 200 m.
RG-6Cable 10 m.
Fiber optic cable 140 m.
VGA cable 40 m.
LAN cable 35m.
CCTV Panel 1 Ea.
TJunction Box (Converter & Power supply) 4 Ea.
Pan/Tilt/Zoom Camera (Doom Type, Indoor ) 3 Ea.
Pan/Tilt/Zoom Camera (Weather Proof Type ) 1 Ea.
PC with 42" LCD Monitor 2 Ea.
UPS 230VAC 2 Ea.

x:-i cf?; g/ =y A 9/
A1313i 4.10 naaesimginsaiivualuszuundeanstlanly

Type of Equipment Material Cost Construction Cost Per Total Material Cost Total Construction Cost
Per Unit Unit
Power cable 2C+PE 4, 2.5 Sq.mm. 325 116.45 65,000 23.290
)
RG-6Cable 75 23.75 750 237.5
Fiber optic cable 290 86.45 40,600 12.103
3
VGA cable 750 20.75 30,000 830
LAN cable 125 14.25 4,375 498.75
CCTV Panel 2,000,000 9.000 2,000,000 9.000
 ;
Junction Box (Converter & Power 25,000 3,400 25,000 3.400
supply)
Pan/Tilt/Zoom Camera (Doom Type, 160,000 3,400 480,000 10.200
»
Indoor )
Pan/Tilt/Zoom Camera (Weather Proof 160,000 3,400 160,000 3.400
-
Type )
PC with 42" LCD Monitor 10,500 3,400 10,500 3.400
b
Total Cost 2,781,984.25
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A15197 4.1 uaaseemdanar s sasinie Idfhmamuain 14

Type of Equipment. Numbers of
Equipment.
400V Main Distribution Board (Main Sub) 1 Ea.
Distribution Board 10 Ea.
Consumer Unit 14 Ea.
420/230 VAC UPS System, 80 kVA, Backup Time 60 minutes 11 Ea.
24kV Switchgear (Main substation) 1 Ea.
24kV Ring Main Unit (Container) 10 Ea.
315V/22kV, ONAN, 2X625 kVA 10 Ea.
315V/400V, ONAN, 30 kVA 9 Ea.
315V/400V, ONAN, 250 kVA 1 Ea.
AC 1C x 150 Sq.mm. 2000 m
AC 1C x 400 Sq.mm. 1500 m
AC2Cx2.5+PE Sq.mm. 956 m
AC2Cx 10+PE Sqmm. 165 m
AC2Cx 16+ PE Sgqmm. 50m
AC2Cx25+PE Sqmm. Sm
AC4Cx 10+PE Sqmm. 340 m
AC4Cx35+PE Sq.mm. 50m
DC 1C x 6 Sq.mm. 41000 m
DC 2C x 120 Sq.mm. 10000 m
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Type of Equipment Material Cost | Construction Cost Total Material Cost Total Construction Cost
Per Unit Per Unit
400V Main Distribution Board 210,000 11,000 210,000 11,000
(Main Sub)
Distribution Board 18,000 5,000 180,000 50,000
Consumer Unit 8,000 2,700 112,000 37,800
420/230 VAC UPS System, 80 170,000 13,000 1,870,000 143,000
kVA, Backup Time 60 minutes
24kV Switchgear (Main 2,700,000 35,000 2,700,000 35,000
substation)
24kV Ring Main Unit 400,000 15,000 4,000,000 150,000
(Container)
315V/22kV, ONAN, 2X625 1,200,000 25,000 12,000,000 250,000
kVA
315V/400V, ONAN, 30 kVA 210,000 15,000 1,890,000 135,000
315V/400V, ONAN, 250 kVA 450,000 18,000 450,000 18,000
AC 1C x 150 Sq.mm. 350 80 700,000 160,000
AC 1C x 400 Sq.mm. 815 132 1,222,500 198,000
AC2Cx25+PE Sqmm. 36 30 34,416 28,680
AC2Cx 10+ PE Sq.mm. 80 46 13,200 7,590
AC2Cx 16+PE Sq.mm. 115 47 5,750 2,350
AC2Cx 25+ PE Sq.mm. 212 53 1,060 265
AC4Cx 10+ PE Sq.mm. 150 59 51,000 20,060
AC4Cx35+PE Sq.mm. 315 95 15,750 4,750
DC 1C x 6 Sg.mm. 25 25 1,025,000 1,025,000
DC 2C x 120 Sq.mm. 725 150 7,250,000 1,500,000
Total Cost 37,507,171
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M1519% 5.1 317 1UE@IUA19UD PV Plant

518N15 FIATINNINNA (UIN)
' o a 'l r'd
urd Taandaduazdunesines 239,021,740.80
o
S2UUNTIIAA 1,180,864.66
seuuifoanuii 493,795.69
SEUDUAIA NIUALIATY 369,085.00
FEULLS ARDUABAVING 4 834,159.80
52UUNd04299510A 2.781,984.25
guaanazuTaas ih 37,507,171.00
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5.1.2 myAnszeznMAUNUUaIsuHaa TS me

LINEAR PERFORMANCE WARRANTY

10 Year Product Warranty - 25 Year Linear Power Warranty

Additionsy,

M Trina Linear Warranty Standard Step Warranty

71U 5.1 nswhlsz@niamvesiias Iihwearuniisudunal

nAnIALgUR 5.1 ansodszananilulaiduduaseld
f9 % LPR =-0.62y + 97.5
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5.1.4 MIAATEEZNAIAUNY

- hwamsaosamisonskaanszia Tiihded anTusunsy Pvsyst inAaituidu Taslagiuigina

aauanTsa AT usEn Feed In Tariff 04l 5.66 VINAaVIIY dmFuvuIaiesndl 90 MWp
sraznmmivayy 257 8198y sfipumsude i Yszmalussfonyunu o wa. 2558
anwamssiaes lwuni 4 waanszua lihaell 14 17,100 MWh /vr 2218 17,199,000 n1iqvaeil
?ﬁaﬁﬂLﬂuﬂixﬁw‘imw“lwﬁaﬁmnﬁ’ummaums % LPR f097.5% aufluldawTusunsudiuin
ponudniudeahauns % LPR Tifeudu 100 % demiluilga 'l o LPR anasinlosiFud wu

usnnaa’ld 17,199,000 vviae 1 97.5 % 1ieui 100 %

¥ T
Sutuazdaunis % LPR Ml Ao -0.6350y + 100 92 1&9160dl# 2 11l % LPR szimie 99.3641
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1) Gudfaiiu Gudunvuaen 9314 = 590,000,000 * 10 % + 590,000,000 139 590,000,000 * 1.10 =

Y
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wa1zaziy 11oldgmindnoindhssiug lutlusn = 649,000,000 - 97,346,340 = 552,653,660 UM
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021471 T U4 2 ud AfadluRudunuaen = 552,653,660 * 10 % + 552,653,660 H3© 552,653,660 *

a A A ! ) Co- a A e
1.10 = 607,919,026 U1 Asuuui WG esq awntngdisziRudnnsnmsaunua Tagdnaviduduag
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3190 5.2 uaasse ldnnmsvie iuazdudunsuias lue

T [wdawddid | swldonms | dnhgenm Qudumuaeniigon 310 ldgnEndann
wan 14 viglWfudazdl | wazandeds | sumsuaasil wan) FrszRuguaaziluim)
uaagd MWh/yr) | (un) duruAagi

(UM)
0 0.00 0000 0.00 590.000,000.00 590,000,000.00
I 17199.00 97,346,340.00 1,000,000.00 649,000,000.00 552,653.660.00
2 17089.79 96,728,190.74 1,000,000.00 607,919,026.00 512,190,835.26
3 16980.57 96,110,041.48 1,000,000.00 563.409.918.78 468,299.877.30
4 1687136 95,491,892.22 1,000,000.00 515,129.865.03 420,637,972.81
5 16762.15 94,873,742.96 1,000,000.00 462.701,770.09 368,828,027.13
6 16652.93 94,255,593.71 1,000,000.00 405,710,829.84 312,455,236.13
7 16543.72 03,637,444.45 1,000,000.00 343.700.759.75 251,063,315.30
8 16434.50 93,019,295.19 1,000,000.00 276,169.646.83 184.150.351.65
9 16325.29 92,401,145.93 1,000,000.00 202,565,386.81 111,164,240.88
10 16216.08 91,782,996.67 1,000,000.00 122,280,664.97 31.497.668.30
1 16106.86 91,164,847.41 1,000,000.00 34,647,435.13 55,517,412.28
12 15997.65 90,546,698.15 1,000,000.00 - 145,064,110.43
13 15888.44 89,928,548.89 1,000,000.00 - 233,992,659.32
14 15779.22 89,310,399.63 1,000,000.00 - 322,303,058.95
I5 15670.01 88,692,250.37 1,000,000.00 - 409,995,309.33
16 15560.80 88,074,101.12 1,000,000.00 - 497,069.410.44
17 15451.58 86,455,951.86 1,000,000.00 - 583,525,362.30
18 1534237 85,837.802.60 1,000,000.00 - 669,363,164.90
19 15233.15 85,219,653.34 1,000,000.00 - 754,582,818.23
20 15123.94 84,601,504.08 1,000,000.00 - 839,184,322.31
21 15014.73 83,983,354.82 1,000,000.00 - 923,167,677.13
22 14905 51 83,365,205.56 1,000,000.00 - 1,006,532,882.69
23 14796.30 82,747,056.30 1,000,000.00 - 1,089,279,939.00
24 14687.09 82,128,907.04 1,000,000.00 - 1,171,408,846.04
25 14577.87 82,510,757.78 1,000,000.00 - 1,253,919,603.82
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Psnusiderindludszme Ine https://solarsmileknowledge.wordpress.com/solar-cell
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o
¥ 8. html
The Effect of Temperature on Photovoltaic Cell Efficiency - V.Jafari Fesharaki, Majid Dehghani,
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Mono Multi Solutions

A

72 CELL

MULTICRYSTALLINE MODULE

310-325W

POWER OUTPUT RANGE

16.8%

MAXIMUM EFFICIENCY

0~+5W

POSITIVE POWER TOLERANCE

LINEAR PERFORMANCE WARRANTY
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THE TAl | MA X MODULE TSM-PD14

Current(A)

Power (W)

DIMENSIONS OF PV MODULE ELECTRICAL DATA ($7C)

unit:mm/inches Peak Power Watts-Puax (Wp)* 310 315 320 325
ans S Power Output Tolerance-Puax (W) Q=45
e ' Maximum Power Voltage-Vuse (V) 37.0 37.1 371 37.2
I [ sgom jon Box | | X
| (el - L B Maximum Power Current-luss (A) 8.38 8.51 8.63 8.76
1 \[ Nameplate ' 1 Open Circuit Voltage-Voc (V) 45.5 45.6 45.8 459
| il g Shert Circuit Current-lsc (A) 8.85 9.00 2.10 9.25
(| T ; \ Module Efficiency nm (%) 16.0 16.2 16.5 16.8
) B . ’ | g STC: Iradiance 1000 W/m?, Cell Temperature 25°C, Air Mass AM1.5.
E | ES *Test tolerance: +3%.
i | " g
2 | =4 &
[l | & ELECTRICAL DATA (NOCT)
[ Maximum Power-Puax (Wp) 230 234 238 242
i il ‘ Maximum Power Voltage-Vues (V) 34.3 343 34.4 34,5
| | 4043 |
[ . Grounding Hole it Maximum Power Current-lues (A) 872 6.83 6.91 7.02
i L g Open Circuit Voltage-Voc (V) 422 423 42.5 42.6
1 . _— Short Circuit Current-isc (4) 715 7.27 7.35 7.47
992/39.1 il NOCT: Iradiance at 800 W/m?, Ambient Temperature 20°C, Wind Speed | m/s.
Rack View
MECHANICAL DATA
—_— T — Solar Cells Mullicrystalline 156 x 156 mm (é inches)
it (ains Cell Orientation 72 cells (6 % 12)
Module Dimensions 1956 x 992 x 40 mm (77.0 x 39.1 x 1.57 inches)
5 Weight 22.5kg (49.6 Ib)
g Glass 3.2mm (0.13 inches), High Transmission, AR Coated Tempered Glass
Backsheet White
Frame
' Frame Silver Anodized Aluminium Alloy
a5/1.28 ' J-Box IP 67 or IP 68 rated
ik Cables Photovoltaic Technology Cable 4.0mm? (0,006 inches?),
1200 mm (47.2 inches)
Connector MC4 Compatible or Amphenol H4/UTX
Fire Type Type 1 or Type 2
-V CURVES OF PV MODULE(325W)
10
g OO it e, TEMPERATURE RATINGS MAXIMUM RATINGS
™~
: oo ‘\ .Ir\::;n[;r{;?cl}g?:[ﬁgncgfeil 44°C (22°C) Operational Temperature  -40~+85°C
! Maximum System 1000V DC (IEC)
S Temperature Coefficient of Puax -0.41%/°C Voltage 1000V DC (UL)
4 aoow/m? Temperature Coefficient of Voc -0.32%/°C Max Series Fuse Rating 15A
z Soowiid Temperature Coefficient of Isc 0.05%/°C
1
a
o 10 20 30 40 50
ik WARRANTY

P-V CURVES OF PV MODULE(325W) 10 year Product Workmanship Warranty

350
— 25 year Linear Power Warranty
P
e Py e [Please refer to product warranly for details)
250 /,’ 2 ~~
r BOOW/m®
20 7 &
/ /_ — oow/m
100 PACKAGING CONFIGURATION o
100 /' g $00Wm? - C—)
Modules per box: 26 pieces N
=
® 20w/m? Modules per 40' container: 572 pieces =)
o g
] 0 20 30 a0 50 =
Vohage(v)

CAUTION: READ SAFETY AND INSTALLATION INSTRUCTIONS BEFORE USING THE PRODUCT,

[ ]
'rlnaSOlOr © 2016 Trina Solar Limited. All rights reserved. Specifications included in this dalasheet are subject to change without notice.
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SUNGROW
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SG500MX/SG630MX
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Cost Effective

« Maximum efficiency up to 98%
* Small dimension less than 1.6m3
* Integrated SVG function

Easy Maintenance

- Modular design easy for maintenance
. Integrated current monitoring easy for fast trouble
shooling

@ 2016 Sungrow Power Supply Go.. Lid All rights reserved
Subject to change without Notice Version#1.0

Flexible

¥+ Complete grid support: LVRT. ZVRT, HVRT

* PF range from lagging 0.8 to leading 0.8

+ Wide MPPT range suitable for flexible
design

Reliable

+ No deraling up to 55°C
. Temperature controlled forced-air cooling



SUNGROW
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Input Side Data

Max. input voltage
Startup voltage

Min. working voltage
Max. input current
MPPT voltage range

Output Side Data

Nominal output power

Max. AC output apparent power
Max. output current

THD

Noeminal grid voltage

Grid voltage range

Nominal grid frequency

Grid frequency range

Power factor at nominal power
BC current injection

Power factor range

Efficiency

Max. efficiency
Euro. efficiency

Protection

DC overvoltage protection
DC reverse polarity protection
DC short-circuit protection
Insulation monitoring

AC overvoltage protection
Grid monitoring

Ground fault monitoring
Over-temperature protection

General Data

Dimensions (W'H'D)

Weight

Operating ambient temperature range
External power supply

Cooling concept

Protection class

Relative humidity

Communication port

Other Functions

PID prevention and repair

SVG function

Hibernate mode at night

Direct parallel connection at AC side
Scft start, stop

Automatic switch between internal and
external power supply

5G500MX/55630MX

SG500MX S5G630MX
1000V

500V 540V
460V

1220A 1356A
460-~850V 520-850V
500kW 630kW
550kVA 693kVA
1008A 1111A
<3% (nominal power)

315V 360V
252-362V 288-414V
50/60Hz

45~55H2/55~65Hz

>0.99

<0.5% nominal oulput current
0.8 lagging ~ 0.8 leading

99.00%
98.70%

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

1005"1915"835 mm

800kg

-30-65°C (»55"C deraling)

3-380V/2.5A

Temperature controlled forced-air cooling
IP21

0-95%. no condensing
RS485/Modbus, Etheret

Yes
Yes
Yes
Yes
Yes
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No. | derudn #Fagu (Model) Rated AC Voltage | *snunsaldanildluszuunin
Power Rated ISR BnRnReson
1. | Schneider | 1.1 | XC 680 680 kW 3Ph, 380 V MATUIA
1.2 | XC 630 630 kw 3Ph, 350V NNIUIA
13 | XC 540 540 kw 3Pn, 300V | vnvue
1.4 | Conext TL 20000 E 20 kvA 3ph, 2307400 V | ladiiu 500 kw
1.5 | Conext TL 15000 E 15 kVA 3Ph, 2307400 V | Taitiiu 500 kw
1.6 | Conext RL 3000 E, Conext RL 3000 E-S 3 kVA 1Ph, 230V | Litfiu 500 kw
1.7 | Conext RL 4000 E, Conext RL 4000 E-S 4 kVA 1Ph, 230V | Talifiu 500 kw
1.8 | Conext RL 5000 E, Conext RL 5000 E-S 5 KVA 1Ph, 230V | laitfiu 500 kw
1.9 | Conext TL 8000 E 8 kVA 3Ph, 2307400 V | iy 500 kw
1.10 | Conext TL 10000 E 10 kVA 2ph, 2307400 V | LitFiu 500 kw
2. | AsB 2.1 | PVS800-57-1000KW-C 1,000 kW 3Ph, 400 V ANYUIR
22 | PVSBDO-57-0630KW-B 630 kw 3Ph, 350V | vinawm
23 | PVSB00-57-0500KW-A 500 kW 3Ph, 300V | vnuua
24 | PVS800-57-0250W-A 250 kw 3Ph, 300V | MnwuA
25 | PVS300-TL-3300W-2 33 kW 1Ph, 230V | Tadifiu 500 kw
2.6 | PVS300-TL-4000W-2 4.0 kW 1Ph, 230V | Taiifiu 500 kw
27 | PVS300-TL-A600W-2 1.6 kw 1Ph, 230 v | LilAiu 500 kw
28 | PV5300-TL-6000W-2 6.0 kW 1Ph, 230V | ladifu 500 kw
29 | PVS300-TL-8000W-2 8.0 kW 1Ph, 230V | Taiifiu 500 kw
210 | PVI-10.0-TL 10.0 kw 3Ph, 400 V Taifiu 500 kW
211 | TRIO-27.6-TL 27.6 kW 3Ph, 400V | hitiu 500 kW
2.12 | TRIO-20.0-TL 20.0 kW 3Ph, 400 V | A 500 kw
213 | PVI-5000-TL 5.0 kw 1Ph, 230 v | Wiy 500 kW
2.14 | PVI-3.6-TL 3.6 KW 1Ph, 230 v | haliAiu 500 kw
3. | GROWATT | 3.1 | GROWATT 3600MTL-10 3.6 kw 1Ph, 230 v | Ty 500 kw
32 | GROWATT 4200MTL-10 4.2 kW 1Ph, 230V | liifiu 500 kw
33 | GROWATT 5000MTL-10 4.6 kw 1Ph, 230V | laiifiu 500 kw
34 | GROWATT 10000 UE 10 kW 3Ph, 230/400 V | mnyune
35 | GROWATT 12000 UE 12 kW 3Ph, 230/400 V | wintun
36 | GROWATT 18000 UE 18 kw 3Ph, 230/400 V | nnwwa
3.7 | GROWATT 20000 UE 20 kW 3Ph, 230/400 V | vnwum
38 | GROWATT CP 500 TL 500 kw 3Ph, 270V | wnwum
4. | Leonics | 4.1 | Apollo G-4500 TL(P) 5.0 kW 1Ph, 220V | lailfiu 500 kw
4.2 | Apollo G-4300 TL(P) 3.0 kw 1Ph, 220V | laiiu 500 kw
43 | Apollo GTP-512 HETL(P) 250 kW 3Ph, 300 V nNYUm
4.4 | Apollo GTP-507 HETL(P) 125 kW 3Ph, 300V | ynuwn
45 | Apollo GTP-4015 TL(P) 15 kW 3Ph, 2207380 V | Lifiu 500 kw
46 | Apollo GTP-4010 TL(P) 10 kw 3Ph, 2267380 V | Tl 500 kW
5. | Frecon 5.1 | FO10i-4PV 10 kw 3Ph, 2307400 V | 1aiifiu 500 kw
6. | SMA 6.1 | SB 3600TL-21 3,68 kW 1P, 180-280 V | Liifiu 500 kw
62 | STP 20000TLEE-10 20 kW 3Ph, 230/400V | nnvunm
6.3 | STP 170G0TL-10 17 kw 3Ph, 230/400 V | nnvum
6.4 | SB5000TL-21 4.6 KW 1Ph, 180-280 v | Liifiu 500 kw
6.5 | SB 3000TLST-21 3.0 kw 1Ph, 180-280 v | laifiu 500 kw
66 | STP 9000TL-20 9.0 KW 3Ph, 2307400 V | lslifiu 500 kw
67 | SB 2500TLST-21 2.5 kw 1Ph, 180-280 V | Liifiu 500 kw
6.8 | SC 630 CP XT 630 kVA 3Ph, 315V | ynwwn

(1]
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No. Fodjun %91 (Model) Rated AC Voltage *auanldenldlussuundn
Power Rated WAt S mBainnau
6. | SMA 6.9 | SCB850CPXT 850 kVA 3Ph, 386 V NNUUIA
i e ) B0 SC OO0 CREXT, _900.KVA 3Ph, 405.V__| vngune..... .
6.11 | SMC 10000TLRP-10 10 kw 1Ph, 230V | Liifiu 500 kw
7. | Ablerex 7.1 | ES 3300P 3.0 kW 1Ph, 220 V Taiifiu 500 kw
7.2 | ES 4200P 4.0 kw iPh, 220 V ailfiu 500 kw
7.3 | ES 5000P 5.0 kw 1Ph, 220 V Tailfiy 500 kW
8. | CEHE 81 | EHE-NIK5TL-TP 1.5 kW 1Ph, 220 V laiifiu 500 kw
8.2 | EHE-N2KTL-TP 2.0 kW 1Ph, 220 V Taifiu 500 kw
8.3 | EHE-N3KTL-TP 3.0 KW 1Ph, 220 V LA 500 kw
8.4 | EHE-NAKTL-TP 4.0 kw 1Ph, 220 V Lsiifiu 500 kw
85 | EHE-NAK6TL-TP 4.6 kw 1Ph, 220 V Lsiifiu 500 kw
9. | Fronius 9.1 | IG Plus 150V-3 12 kW 3Ph, 230/400 V | Laiifiu 500 kw
10. | EMERSON 10.1 | S5L0250B 250 kw 3ph, 400 V Taiifiu 500 kw
10.2 | SSLO5COB 500 kw 3Ph, 400 V i 500 kw
10.3 | SPV 2700a 1870 kw 3Ph,"400 V AU
11. | DASS TECH 11.1 | DSP33250K 250 kw 3Ph, 380 V nnuwm
11.2 | DSP3330K 30 kW 3Ph, 380 V VNUUM
11.3 | DSP33100K 100 kw 3Ph, 380 V NNYUIA
11.4 | DSP3320K 20 kw 3Ph, 380 V AN
11.5 | DSP3310K 10 kw 3Ph, 380 V NAYWIA
11.6 | DSP123K2 3.0 kw 1Ph, 230 V VNTUIM
12, | JFY 12,1 | Suntree-10000TL 10 kW 3Ph, 400 V Tadifiu 500 kw
12.2 | Suntree-20000TL 20 kw 3Ph, 400 V Tshifiu 500 kw
12.3 | SUNSEED 3000TL 3.0 kw 1Ph, 185-265 V| lalifiu 500 kw
12.4 | SUNSEED 4000TL 4.0 kw 1Ph, 185-265 V| lsifiu 500 kw
12.5 | SUNSEED 5000TL 5.0 kW 1Ph, 185-265V | laitfiu 500 kw
13. | HUAWEI 13.1 | SUN2000-20KTL 20 kw 3Ph, 400 V Nnuum
13.2 | SUN2000-12KTL 12 kw 3Ph, 400 V NNYUIN
13.3 | SUN2000-28KTL 21.5KW | 3Ph, 277/480V | wnvum
14. | Omnik New nergy | 14.1 | Omniksot-5.0k-TL2 4.6 kw 1Ph, 230 V Tty 500 kw
14.2 | Omniksol-20k-TL 19.20 kW | 3Ph, 230/400 V | wnuwm
15. | Zerversolar 15.1 | Eversol-TLC15K 15 kw 3Ph, 230/400 V | iy 500 kw
15.2 | Eversol-TLC20K 20 kw 3Ph, 230/800 vV | laiifiu 500 kw
16. | CHINT POWER 16.1 | CPS SCA500KTL-H 500 kW | 3Ph, 270/315V | ynuum
17. | DELTA 17.1 | RPI-M20A 20kVA | 3Ph, 230/400V | wnwun
18. | TRANNERGY 18.1 | PVI 3000TL 2.8 kW 1Ph, 230 V sy 500 kw
18.2 | PVI 5400TL 4.6 KW 1Ph; 230 V Talifiu 500 kw
18.3 | TRI 17 KTL 17 kW 3Ph, 2307400 V| it 500 kw
19. | GuanYa 19.1 | GSG-100KTT-TV 100 kw 3Ph, 400V | i 500 kw
20~ Hitachi 20.1 | HIVERTER-NP201i 500 kW 3Ph, 460V | laitAu 500 kw
21. | SATCON 21,1 | PVS-0625-EH320XF 625 KW 3Ph, 320 V NYUIR
21.2 | AE-500-50-PV-X-HV 500 kw 3Ph, 265 V YnIUIA
21.3 | PVS-0250KW-CE-265V-HV 250 kW 3Ph, 265 V NI
[2]
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No. Fodudn To{u (Model) | Rated Power | AC Voltage Rated *muwn'[-if-:'\u'lv'ﬂu'sm:uuaﬂ‘lﬂﬁﬁ'lﬁ
5 mamawﬁnmﬂu
21, | SATCON 214 | AE-100-50-PV-X-HV 100 kW 3Ph, 400 V NAYUIA
215 | PVS-250-265-EU2 250 kW 3Ph, 265 V VN
216 | AE-100-50-PV-G-HV 100 kKW 3Ph, 400 V nnIUIA
22. | Thai Tabuchi Electric | 22.1 | EPC-A-S55MPT 5.5 kW 1Ph, 220/230 V laiifiu 500 kW
222 | EPC-A-S35MPT 3.5 kw 1Ph, 220/230 V laiviiu 500 kw
23. | RENESOLA 231 | Replus 2000 TLA 2.0 kw 1Ph, 220 V laitfiu 500 kw
232 | Replus 3000 TLA 3.0 kw 1Ph, 220 V Taliu 500 kw
233 | Replus 5000 MTLA 5.0 kW 1Ph, 220 V Taitu 500 kW
24, | WOLONG 261 | WL-0.6KS-TPS 4.0 kW 1Ph, 220 V Taliu 500 kw
25. | SUNGROW 25.1 | SG500MX 500 kW 3Ph, 315 V VNYUIR
26. | TM good we 261 | GW-20K-DT 20 kw 3ph, 400 V Iaitfin 500 KW
27. | PrimeVOLT 271 | PV-10000T-U 10 kw 3Ph, 400 V Ay 500 kw

P 3 e~ o - ) C A oa o 1 ' a U a -
« dwdudunefinediseulanunseldmildlussuuninlviih Al i sdnfinssanlaiiu 500 kw aeliiamnsmblvRansluseuunaniihig
e siviei . 9
fdwdafianasanAundi 500 kw I8
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Grid-Connected System: Simulation parameters
Project : Grid-Connected Project at Chon Mouang
Geographical Site Chon Mouang Country Thailand
Situation Latitude 15.2°N Longitude 100.6°E
Time defined as Legal Time Time zone UT+7 Altitude 106 m
Albedo 0.20
Meteo data: Chon Mouang MeteoNorm 7.1 - Synthetic
Simulation variant : Sungrow+Trina
Simulation date  22/11/16 09h23
Simulation parameters
Collector Plane Orientation Tilt  14° Azimuth 0°
5 Sheds Pitch 6.60m Collector width  3.00 m
Inactive band Top 0.00m Bottom 0.00m
Shading limit angle Gamma 11.13° Occupation Ratio 45.5 %

Models used

Horizon

Transposition

Free Horizon

Near Shadings Mutual shadings of sheds

PV Array Characteristics
PV module Si-poly Model
Original PVsyst database Manufacturer
Number of PV modules In series
Total number of PV modules Nb. modules
Array global power Nominal (STC)
Array operating characteristics (50°C) U mpp
Total area Module area
Inverter Model
Original PVsyst database Manufacturer
Characteristics Operating Voltage

Inverter pack Nb. of inverters

PV Array loss factors

Array Soiling Losses
Thermal Loss factor

Wiring Ohmic Loss
Module Quality Loss
Module Mismatch Losses
Incidence effect, ASHRAE parametrization

Uc (const)
Global array res.

IAM =

System loss factors

AC wire loss inverter to transfo Inverter voltage
Wires: 3x15000.0 mm?

Iron loss (24H connexion)

Resistive/Inductive losses

External transformer

User's needs : Unlimited load (grid)

Perez

TSM-320PD14

Trina Solar
18 modules
37440
11981 kWp
599 V
72647 m?

SG500MX
Sungrow
460-850 V

20 units

20.0 W/m?K
0.56 mOhm

1-bo (1/cosi-1)

315 Vac tri
101 m
11837 W
0.0 mOhm

Diffuse

In parallel
Unit Nom. Power
At operating cond.

I mpp
Cell area

Unit Nom. Power

Total Power

Loss Fraction
Uv (wind)
Loss Fraction
Loss Fraction
Loss Fraction
bo Param.

Loss Fraction
Loss Fraction
Loss Fraction

Perez, Meteonorm

2080 strings

320 Wp

10756 kWp (50°C)
17970 A

65613 m?

500 kWac
10000 kWac

2.0 %
0.0 W/m2K / m/s

1.5 % at STC
1.5 %

1.0 % at MPP
0.05

1.5 % at STC
0.1 % at STC
0.5% at STC

PVsyst Licensed to TTCL Public Company Limited (Thailand)
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Simulation variant:  Sungrow+Trina

Project : Grid-Connected Project at Chon Mouang

Grid-Connected System: Main results

Performance Ratio PR

77.87 %

Main system parameters System type Grid-Connected

PV Field Orientation Sheds disposition, tilt  14° azimuth 0°

PV modules Model TSM-320PD14 Pnom 320 Wp

PV Array Nb. of modules 37440 Pnom total 11981 kWp

Inverter Model SG500MX Pnom 500 kW ac

Inverter pack Nb. of units 20.0 Pnom total 10000 kW ac
User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 17403 MWhlyear Specific prod. 1453 kWh/kWp/year

Normalized productions (per installed kWp): Nominal power 11981 kWp

6 T T T

T
Lc : Gollection Loss (PV-array los:
Ls : Syst s (inverter, ...)

T T T T 1 T
1.02 kWh/kWplday
0.11 kWhikWplday

8 KWh/KWplday

T
5€5)

Normalized Energy [kWhKWp/day]
w

Apr

0.8

07

0.6

0.5

04

Performance Ratio PR

0.3

0.2

0.0

Sungrow+Trina

Performance Ratio PR

T

Balances and main results

REekeHormance Ratio (¥;

GlobHor T Amb Globlnc GlobEff EArray E_Grid EffArrR EffSysR
kWh/m? °C kWh/m? kWh/m? MWh MWh % %
January 146.0 25.50 167.2 158.1 1617 1573 13.31 12.95
February 130.5 27.50 142.2 134.2 1361 1323 13.17 12.81
March 165.0 29.30 171.3 161.5 1624 1580 13.05 12.70
April 161.8 29.90 160.7 151.5 1516 1475 12.99 12.63
May 172.7 29.10 164.4 154.3 1570 1528 13.15 12.80
June 165.4 28.50 154.9 145.2 1488 1448 13.23 12.87
July 173.3 28.60 163.6 153.5 1573 1531 13.23 12.88
August 141.8 28.30 137.8 129.3 1329 1292 13.27 12.90
September 138.9 27.40 141.2 132.9 1360 1322 13.26 12.89
October 140.0 27.80 148.8 140.6 1421 1381 13.15 12.77
November 133.6 26.10 148.7 140.5 1440 1400 13.33 12.96
December 141.9 25.39 164.5 155.8 1594 1550 13.33 12.97
Year 1810.9 27.78 1865.4 1757.5 17894 17403 13.20 12.84
Legends: GlobHor Horizontal global irradiation EArray Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Energy injected into grid
Globlinc Global incident in coll. plane EffArrR Effic. Eout array / rough area
GlobEff Effective Global, corr. for IAM and shadings EffSysR Effic. Eout system / rough area

PVsyst Licensed to TTCL Public Company Limited (Thailand)
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Project :

Simulation variant :

Grid-Connected System: Loss diagram

Grid-Connected Project at Chon Mouang

Sungrow+Trina

PV modules
PV Array
Inverter
Inverter pack
User's needs

Main system parameters
PV Field Orientation

System type

Sheds disposition, tilt
Model

Nb. of modules
Model

Nb. of units
Unlimited load (grid)

Grid-Connected

azimuth 0°
TSM-320PD14 Pnom 320 Wp
Pnom total 11981 kWp
SG500MX Pnom 500 kW ac

Pnom total 10000 kW ac

Loss diagram over the whole year

1811 kWh/m?

1757 kWh/m? * 72647 m? coll.
efficiency at STC = 16.50%

}

17894 MWh

-1.2%
0.0%
0.0%
10.0%
0.0%
17681 MWh

-0.7%
-0.8%

C £

17403 MWh

21069 MWh |
l\a-o.z%

N-w%

N .1.0%
1.0%

Horizontal global irradiation
Global incident in coll. plane

Near Shadings: irradiance loss
IAM factor on global

Soiling loss factor

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature

Module quality loss

Module array mismatch loss
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to power threshold
Inverter Loss over nominal inv. voltage
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

AC ohmic loss
External transfo loss

Energy injected into grid

PVsyst Licensed to TTCL Public Company Limited (Thailand)
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