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Cooperative title: Solar Farm Installation and Design Study for VSPP at Lopburi Province
Student intern name: Mr.Jare Radchasang

Faculty: Engineering  Department: Electrical

Advisor name: Dr.Somphob Polmai

Mentor name: Mr.Tichanon Sungkarat

Company: TTCL Public Company Limited

ABSTRACT

This project is aimed to study about the design and installation of the mini solar power plant by selecting the
construction site of the plant at Lopburi 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 580,000,000 baht investment which is likely to reach

the break-even point within the 10 th year after the generated electricity is sold to PEA.
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1

2.2.10 msowummniimesndAgmazauilszneuve el PV Module 910 datasheet

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

Rear View Frame Cross Section A-A ol e e 7
180
e ey g 9. =
i [ S S— 7 : 7
r | :
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% %: ‘% = . = 3 Z
Mounting Hole 1 =2 :
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$.14%0 L J 5 10 1; 20 2‘5 20 35 4)0 a5 510 15 20 25 30 3; 4rn als 50
£ Mounting Al 2R35 2.RAS
: ;‘;‘" = = B 1000 Wi s:c M
‘ b Grounding a } e | B so0wm 5c
{] [j_fole | n | = | I W stowmy 4sec W
P ;3.3 - 4 L W 200w 6sc M
ELECTRICAL DATA | STC* MECHANICAL DATA
CseU : 315P 320P 325P 330P Specification Data
Nominal Max. Power (Pmax) 315W 320W 325W 330W  Cell Type _ Poly-crystalline, 6inch
Opt. Operating Voltage (Vmp) 36.6V_36.8V 37.0V 37.2V. Cell Arrangement 72(6x12)
Opt. Operating Current (Imp) 861A 869A B8.78A 888A Dimensions 1960 x 992 x 40 mm
Open Circuit Voltage (Voc) 451V 453V 455V 456V (77.2%39.1 % 1,57 in)
Short Circuit Current (Isc) 9.18A 926A 934A 945A Weight 224kg(4941bs) el
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 1000V (UL)  J-Box IP67, 3 diodes
Module Fire Performance TYPE 1(UL 1703) or Cable 4mm?2(IEC)or 4mm? & 12 AWG
CLASS C(IEC 61730) W 11000V (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 (4 (40'HQ) 624 pieces

*Under Standard Test Conditions (STC) of irradiance of 1000 W/m2 spectrum AM
1.5 and cell temperature of 25°C,

ELECTRICAL DATA | NOCT* TEMPERATURE CHARACTERISTICS

CSeU B 315P  320P . 325P ' 330P Specification ~ Data
Nominal Max. Power (Pmax) 228W 232W 236W 239W Temperfature-Coeffic‘tent'(Pmax) -0.41 %/ "C
Opt. Operating Voltage (Vmp} 33.4V 336V 337V 339V Temperature Coefficient (Voc) 031%/°C
Opt. Operating Current (Imp) 6.84A 691A 6.98A 7.05A Temperature Coefficient (Isc) ) 0.053%/°C
Open Circuit Voltage (Voc) 415V 416V 41.8V 419V  Nominal Operating Cell Temperature  45+2 °C

744A 750A 7.57A 7.66A

* Under Nominal Operating Cell Temperature (NOCT), irradiance of 800 W/m2,
spectrum AM 1.5, ambient temperature 20°C, wind speed 1 m/s.

Short Circuit Current (Isq)

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/m2 (AM 1.5, 25°C).

ﬂ‘ﬁ 2.39 uHAN Data sheet ﬂ]ﬂﬂllﬂﬂi"]ﬁﬁﬁl“ﬁﬁﬁ
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Ham1A199 11 Datasheet annsnosue1daas
® Nominal Max. Power (Pmax) = f1A189015HAAUBILHY
® Opt. Operating Voltage (Vmp) = AULS qﬁugaq mf]auriuﬁwm
®  Opt. Operating Current (Imp) = ﬁwnszuagaqs&ﬁauﬁuﬁ1mu
® Open Circuit Voltage (Voc) = issdatiiauruisad lyde Tvan
®  Short Circuit Current (Isc) = nszumileuruwad lide Tvan

. a a 1A o a J
® Module Effmency = ﬂi:ﬁﬁ‘i’i‘ﬁmW‘Ui’JQLLN‘L!‘I’IL‘l_lul’tﬂ‘i@Vgﬂﬂ!ﬂdwaﬁﬂuuﬁiﬂ‘mﬂﬂ

® Operating Temperature =399 MU NNUAUTITY

u

® Power Tolerance = AAIARIAIAABUAISIVBLIHY

®  Cell Type = ¥HAvTOUTAGHTIONNAS

® (Cell Arrangement = MSIAG BIVBIUTAD

® Dimensions = YUIAAMMATE AIWETINALANUHUIVDUIAY
®  Weight = thmfnusiy

® Front Cover = ANWUIUBILHUTI AL ULHY

1
=1

® TFrame Material = Jaa 9 I9vva LYo L AL

%

4
® Temperature Coefficient (Pmax) = ﬁmlﬁzawﬁﬂdmmmqaqﬂnﬁanﬂuqqum
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4 _| al
® Temperature Coefficient (Voc) = duilsgansvesussauilariesiiounugamgil

L]

g
® Temperature Coefficient (Isc) = A3z aNTUBINITZLATA954H BUNUYUUIN

@

a ¢ ¢
2.3 du9INT [5]

2.3.1 HanNITMU

[

g a2 A

= 4 a ' 4 gl o [] ' 4 L4 [-Y} o 1
aunesmed lulaaivhinumhmhndeudeszuinsyun Teaniws uduszuusimiteveans T
o A o { a = =1
Taovirminiiu Idihinszuaasaidudunaninnisndaa lddoanuneTearsudauaaiu i
[ & g P o o ' @ 4 3
nsznaadueenmedeminaiiodu Tl fifiviel¥iussuusunhevesns i dnvasnsizeude
A ' A a A o ' T ¥ o A = A " W ° '
81v9z1¥euAD lagasanIenvvsnanie Il TnanroundrfivieT uFeudesussuusimiie
w A o P 1w o 1 = o P {
agiiu sunedmeiniwensenuszuusielinnuannsalumsldaudail
o ) o = o
-dFumaihnuvesdunesines 1¥nagagause PV array
- o a 4 S v
- AsotunNMIOuveduneiimes 14

- iMaruAtesrumdiu Idhnszuansanas Iihnssuaasy

30
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2.3.5 ﬂ1‘5l".;'l‘uﬁ1ﬂ151ﬁlﬁﬂil!ﬁ$ﬁ'ﬁuﬂ5$ﬂﬂﬂ‘llﬁ)x‘lé)ﬂﬂﬂ‘i!ﬂﬂiﬂ]ﬂ datasheet

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):

DC

Nominal input voltage range, MPPT:

Max.
Max.
Max.
Max.

input voltage, open circuit
input operating current at 45°C
input operating current at 50°C
input short-circuit current

CS 1670

1670 kVA

1570 kVA

480V

50/60 Hz

2008 A

1888 A

+/-20% (384 - 576 V)

50/60 Hz +/- 10%

0to 1 lead/lag
< 3% at rated power
98.6% (Target)
98.2% (Target)

CSs 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)

CS 2000

2000 kVA

1880 KVA

575V

50/60 Hz

2008 A

1888 A

+1-20% (460 - 630 V)

50/60 Hz +/- 10%

0 to 1 lead/lag
< 3% at rated power
98.6% (Target)
98.4% (Target)

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 cooling

Graphic user interface

External communication interface
AC/DC disconnect

Ground fault detection/interruption

Options

750V - 1500 vV 800V - 1500V 890V - 1500V
1500V 1500 V 1500 V
2272 A 2285 A 2283 A
2136 A 2148 A 2156 A
6000 A 6000 A 6000 A
4480 A for UL models / 5600 A for IEC models
Integrated Integrated Integrated
10to 14 10to 14 10to 14
160A to 400A
30 years; 30 yearss ' 30 yearss

< 156 W (Target)
Qutdoor (Type 4X [ IP65),

< 156 W (Target)
Outdoor (Type 4X / IPB5).
Aluminum

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

< 156 W (Target)s
Qutdoor (Type 4X [ IP65).

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
EMC standards

Grid interconnection

IEC version: IEC62109-1, -2 / NA version: UL1741
IEC61000-6-2, -6-4 ; FCC Class B ; CISPR 11 Ed. 6
IEEE 1547, California Rule 21, BDEW, CEI, French Decree, IEC61727, PEA, South Korea, CPC and more

— 0 [l = I'd & i Y .
g‘ﬂ“ﬂ 2.45 LTAIAIDY1data sheet UBIDULIDIIADT 8410 Schneider

. ¥

® Device short name = UaNfa¥oUHI0A2 TuAanu duavndsdiulngsvendwinamas

< a s P
IINWAVDNDULIBDIADIATIUY

< ' @ o a o
® AC=dlumsvenmauanyani Wi Iiihassuradunsedueninavesdunesines

5 o w & a ¢ 1 o =i a
® Nominal output power at 45°C = mmmmwm‘umaunaima?ﬁmqmwqmwgu 45°C

'
o =

® Nominal output power at 50°C = Md 01 HAVBIB U INBT M UTigauingil 50°C

L]
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c1f~3'ﬂ"|9]'|\1‘]ﬂl‘lﬂl Datasheet ff'lll'liﬂﬂ‘h'ﬁ]1ﬂ1ﬂﬂ\‘iﬂ

- Y] [ e = o
Nominal output voltage = it54Au IWfhnszuaaduduevinavesduneiimes

Nominal frequency = 71 wanldau

[ 1

X =y

Maximum output current at 45°C = nsguagegan ldanungungil 45°C

9 u

Maximum output current at 50°C = Aszuagagan Isuigamngil s0°C

Q a

a o

- . 1 o o El
Continuous operation output voltage range = 1UUDIULTIAUUDIDULIDIIADT Eluﬂ’l‘iclﬁlﬂ'lucluﬁjm

AsUAEAY

. ‘ . ' dy A o Aa 4 4 =& 9
Harmonic distortion (THDI) = ﬂ'lﬂ’)'llll‘wfJ‘Ll“'I.IEl\iq?ﬂﬂﬁuuiﬁﬂuﬂ@ﬂﬂﬁlil@lﬂ'ﬁuﬂﬂﬂﬂﬂﬂﬂ’l SR B

AuIAsgIuveams trlih

Z a a o a 4 = <
Peak efficiency = UsgAnsnmgegalumahauvesdunssiaesiudasnszuansaily

ASELATAY

. . 1 Y {a L4 d o v @ Y
Nominal input voltage range, MPPT = U’]ulﬁﬂﬂuﬁﬂunﬂilﬂﬂﬁﬂﬂlﬁ’]u;ﬁ\jﬁjﬂ\W]i\'l NULLIIAUVBNLD

(S EUD IR

Max. input voltage, open circuit = LI5IAHIUA9DT q3qge

[
=

Max. input operating current at 45°C = ﬂizllﬂﬁﬂﬂdﬂiQQQQﬂamﬁQﬁ 45°C

Q

a

Max. input operating current at 50°C = NIZHATAIVIYIGANGUNYI 50°C

LY

a

. . . g a 4
Max. input short-circuit current = NIZUAAANITAGITAVOIOULIDIADT

Max. input short-circuit current at STC conditions = NTZUATAIDI gi3ga . @11 STC
: o = = 4 R A o g 1 @ = o a
Number of DC inputs = VIHIUDUNAVDIDULIDIIND] ma@unmmammzm%mmau@uvgﬂGlu
MIAenuIBITE
Power consumption, night time =
. o o [~ 1

Degree of protection = 3£@1l msﬂmnuﬂsﬁzmﬂu IP 91739

o 1 Y a o a
Enclosure = 7@9HB{NDUNDIINDI

. . r'g a’ a 4
Product weight (estimate only) = 11%1n laslszuiavedunosmes

Product dimensions (H x W x D) = A7181319 AN 1182 ANNEIU98 U0 IAe;
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2.4 sz@nEmmuazmsgeyde [3]

2.4.1 Performance Ratio

] = =4 ar 1 1 s ci = Y a 1 1 " dl. 9/
11 Performance Ratio (PR) ﬂﬂ@ﬂi1ﬁ1ﬂﬂjﬂ\1ﬂ1ﬂﬁﬁﬂ1uﬂﬂﬁﬂhlﬂ’i]‘i\‘lﬁ]']ﬂi%ﬂﬂﬂﬂﬂ?ﬂﬁﬂﬂu‘ﬂﬂ?iviﬂiﬂﬂ

3
Name Plate YDIUHAFAANANIG STC

Real Energy

Rated energy
H3e ﬁﬁmmmmgm IEC 61724 (Photovoltaic system performance monitoring - Guidelines for

measurement, data exchange and analysis)
9218
Yr
PR = —
72
{ ' S a 1 1 v 1 o w
Tawhi Y7 fie fi1 Energy yield Tnousasidumessmdanudeda I E/p) vinssuuimad
a 1o
uersenag lnolinnuily kWhiwp uag
Y, fie digandiuvesiigedeuestSannuduuasetiing  (Wim) desinnuiduues
= 2 A 2.7 A 1 8w Ay ora y A =
WIATTIUN STC HUA1 1,000 (W/m) 118991081 PR (Huaaaan lusiwiae (Dimensionless) 949810150
u ) ~ w s haddas DI —— F 2
nlsussunsuguansazvesssuuaduaeting las iTususiiaveusaduazvuinuesssuy &
T I~ 1
A1 PR UA1gam s
o [ = [~ 1 [ i~ 1 ! )
zilugrazieunnuamsavesssuylunmswan ifisdluededosals o a1 PR fslud
= 9 1w A a8 1% 0 o a  da
nlsALEAIANUAINITOVDITZ UL nadilimsgadsiifaiunislussyuisaduaserinddnoinaumag
1 Y "
a199 ldun
- guviiunuaaangUie INILaeINAS (Temperature Effect)
=) L 4 G
- ananlsnusnamiinguyag (Soiling)
- 197159 (Shading)
- DC Mismatch / Wiring Loss
- Inverter Loss

- AC Mismatch / Transformer Loss
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Loss

BPV loss
B Inverter loss
OSystem loss

OEnergy

tﬂ'. a/ 1 ! = lg
31N 2.46 naamumwsasd M g EeRnaTy luszn

a1 ]
T

‘ o &
i)']ﬂLLN‘LIﬂ’I‘IN‘Uﬂ1 PR ﬂtl‘ﬂ 73% ‘H"iﬂm'iﬂ‘u 0.73 1uﬂ1ﬂlwﬁ ﬂ'li’giglﬁtlﬁﬁﬂﬂ!.ﬂﬂ‘ﬂﬂi’nlﬂuﬂﬂ 3 mu"lw nu

mmnﬂummu 27%

2 da &
2.4.2 MIGUITENINAYUDINTS VY (Loss)

PV generator with a poveer P=1kW,_

deviation fram madule nominal a5%
efficiency and G <1000 Win2

module temperauufe 35%
shading 2.0%
mismatching and DC losses 35%
MPP mismatch error 1.5%

v ] ‘3
319 2.47 LAAUNUMWNI T siRa Y
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& o a 5 o 3 '
Tagm lmsgadeninay

o o @ l o
UNUTZUY 1IN UDIAYIZNOUNGN 3 BEedenufe
o

- UHITAALEIDIRAY (PV loss)

- 3911 BOS (Balance of Systems or System loss)

=

'3 '3 9
- dUeiMasUazniawlad (Inverter loss)

MIFUFINNUNIEAUAIDIRAS (PV loss)

lsznoudie
=Y o
- HAUDIRUUYUIYAD (Temperature Coefficient Effect)
- HOUDINITADL AU BIR AU AN T UUD LA IUDULNIA 19T IR

o v a a % d
- AW UNLDENANNAASAULNEAR

module current [in A
N
iy

N
i

{ ada T @ 4
319 2.49 uananaveugiindnades IR UVBIHITAA
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temperaturein®c

| A 1 ws . o !
U7 2.50 uaasravesgampgiiffinadoguauiama liwswwasadifiouianing stc
Taganz STC Usznauday

- guuniukuwag 25 C
- AMURULAS 1000 W/m

-1 Air Mass 1.5
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391U BOS (Balance of Systems or System loss)
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- String voltage and power configuration

43



Y 1) 1 a
dedamsdomuyadniolussuu
' d ' 1 2 1 a A a1 o
msaoasveIuHITadmeluszuy aulvgeeunnmsdoeynsunieluass aite 19Ta s edu DC
9 o A < s H 32 Ll 1 a 1 all AR A A o w
Tmnzaunudunesined niniuiuihudazaas andevinusuitedunismins suminziids lWd
o w 3’/ 1 w 1 = A LV A 9 @ 9 A I~
Ay Asduaws sin luidagaasnasahinurielndifoaduldmaiige msrzezfunisaanis
1 1 o w a im &
guidsAouTietnt Ididhsunesines

- DC circuit design

PV generator generatoe junction bax

B Y W, string diodes
T T+ isototare
- F- FH

: Sting fuses

inwverter
SEERIE R E
DC main cable

i ~l_.

i e
[ string fuses

=+ & K | olators

717 2.55 umasumuNIWAIAD993A U DC

44



A29E1UHUNINNITABINIAIU DC UONVINUHILAZ ARSIz dIHanonIsHaar1s 11 Tas

i o w 1 1 1 . .
nmsamudy gunsaidun meluaeesdiu DC fidsradoszunTaesauBndae 191 Blocking Diode, Tiad

b

Breaker, Terminal Box a4

= [

Tumsesnuuvezdessilafavunaveusedu ihuaznszualwihlsenousy Taofzdouis

Qs

vnavesginsaiainanIidumiussuguauame Wi e

qQ

- Wiring Loss
o ]
m
i
. 0
09 0
: w1
. - L g
28 £ £
5' m% A
g 1.2 e
& | b
= &
oF A
&
) 4 0
&N
W
]
I
1
[}
[}

T T AT LTI N P T T T T TSR
I M OB L2 NS B s B\
String awrertia A

|

i

1

Y AP T T T T ol T T 1T T T Ty

IS0 BN WSy s 62 66 7
it corent i A

! @, w Ve ] W
317 2.56 uaasnswanudiUT TN wssan IWhuess s (Vpm) nagausme' W

[ v 1 [ 4 4
ATANUFURUTIZNI ey I wess Ut (Vem) Afimaiiesnnnszua i uasarueaee Ll
i < { g ! o 3 i @
Tao mmdudne Wunmvesmeldiifufiniidga 2.5 mm® uaznmdman Suae Wi nuice 4
Y w

é 1 = 1 { fg 3 dl. 1 2
mm’ Furuldhdrme Iihitunnhdalngiuerauseldanusvesme v 1duniufisus aqu

LAZNTLUAIRYINY

45



= 4 o Y
UNDIMBIIaznuauilad (Inverter loss)

Y
sznavudae
= = d 4
- YUAVDIDULIDINDT
INVWith 50 Hz tramsformer =936 % Transformerdess NV -~ 1, ~96%
a7 4 ; 97 4
951 %6
# 95 ® 954
: =
& g a4+
:
2 g8
2 z 924
91+
90
04
Minuts vahses

A ~ a a = o d A Aa 14
31N 2.57 uamsmanfSsuiiivudseaninmussduesmeSaiiafitiuas 14id Transformer

ar 9 ala a o d
ﬂﬂ‘]&lﬂlﬁ‘ﬂﬂﬂL?I”L!ﬂigﬁﬂﬁﬂ'lwellﬂﬂﬂunﬂilﬁﬂi

I~ e a o o =l 4 < 1 J i
Mg iWunswlilsz@namnisudas IWvosdunesinesnle Transformer T3z 118 ns W Saass

QU

LTI Sizing factor 15118 1.0

]
¥ 1 =

) = a ¢ = H 1 & L) a a =
amdmun Wunswvesdunesinessiiaf il Transformer Favelunaanlssinsmwigauaziia
— ) 1 = d o o Y a = = o o et
Sizing factor NNINWIDANVUIAYDIBUIDINABT ANHUTVDUFUUIZANTNINVDIBUNBI MO NTYLIA

PV system A9

— YO0

- 'j'l

- B0

L 76
&7 "
[ = . —
=y 0 o
= &
§ -~ SO .;
5 e
- 30 £

20

I B B B R | R B B 10

BEEER |
3 - ; L
100 200 300 400 So0Q 6800 T00 800 Q00 1000 1700 1200
Irradiance classes in W/im%
_— rradiance energy Inverter efficiencyat: === ayp . Sp,  =——bP =P,

o ~ =y & dd Y1 o
j,ﬂ‘lfl 2.58 Ltﬁﬂﬂﬂ']'iL‘LﬁiEJ’UmEI‘U"’U‘LHﬂﬂlﬂﬂﬂunﬂilﬂﬁl‘iﬂql‘lfﬂﬂsllu"lﬂﬂm~‘lS$°IJ‘]JL“h’ﬁﬁ

46



[

< v o w o 1o a J 4
vnglhziiuldhuinadidwesszuumad epy) uazaiidsliihveadunedines Piny) 1
o

] A oo H o = ar @ Y] [ = o 4
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- yweveandeuasuazsiiavounn Ty lainld

Typa 4Ph SGHz Dry Type CasiResin Transformer . Copper Windings
HWV sica 22 V. With of-ocircuit fap changers 3= 2 X 2. 5%
LW sids 200 230 V. Weotor oommection  Dyn11 ERARAT
Rating Power e T 630 BOG woe | 1250 | 1e00 | 2000 | 2500
Be-Load loss _wan | t430 1650 | 4980 | 2300 | zvoo | 300 | 4100 | Sooo
Load loss 75 C — W | 5000 | 500 | E36G S5O0 | #1800 | 1400 | 17000 | 20000
Impedance witage TSC % | & & & 5 & & 5 &
& e | tou 1524 | 71200 | =80 | FEB £.00 50 384
Resctynce Voitage 2% o8 | 5.90 S5 =az S593 .54 S.oa 5495
. cmbm ). B8 | ta3se | 118 | cas 758 S.oa £75 3.8
Fesistancs Vokags = 118 1.710 104 SE ougd D58 0.ES A0
i <enObEe| 378 z7a 2408 1.54 121 ouEE .58 .51
Rated Curens | HW g |5 13RI 9653 | 2rod | meae | 360 [Mevge | soas [TesEn
v Loeee | 722 woa) | viss | ves3 | as0d | 2300 | 2ear | ae0e
Ishortoroun D [lsc ) o Mac - awg | 52 | gz 221 30 38 aE B0
Hound lew=l [[Lpa =t ) o deiay 55 57, 58 55 23] BT Bt BE
Eficency st P.F. = 1 y |
= e LsRd | o% 8856 | 98T0 | S8y | eess| esgl | soee | seoss | oo
= S0% Loed % s8.85 | opos | -oo0d | =907 | wete | omide | ssar | oo
= T5% iLoed w3 0875 | Sass | o800 | ‘eEme | oot | sooo | 9o | eaoe
et H00% Load .9 “58.56 | 98Es | oeFd | waee | eees | 9pos | gees | oo
Wokage regulation =t T00% load i R
P = 08 . 5% a5 | 450 | 445 | 44y 4507 436 | 433 | 430
APF = 0e % 3ve | aew | 363 | 35 | 38 | w50 | 348 | 34a
SPEF = F % 135 187 129 154 12 | 105 1.03 0.98
Transfomner dirmemzion
L ot | SESEC | 1eea | 168Q | ves0 | 37s0 | 2050 | zoe0. | zzeo
W e | B85 | tasg | taoo | oassoe| assg 1550 | 1650 1650
H e T 1I57E 1550 1750 1740 1740 1910 1510 2030
Transformer weight _— . X TE10 =000 2280 700 3100 38240 2580 S50
Enclasur= dimemsion
L —-ommen | 2400 | zapD | 2800 | 2500 | 2500 | meoo | Zooo| 2oo0
w s |4 1650 | tese | 1vso | svso | dvse | teso 1850
H samen | 2000 | 2000 | 2000 | 2300 | 2300 | 2300 | 2600 | 2EGO
Enciozurs weight L Kge E60 580 580 50 650 60 i o} 77O

3 U 2.59 ua AT Tautlasyiia Dry Type Cast Resin Transformer , Copper Windings
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1Nzl 2.59 umasdasgininwvesnsfoutlash p.f = 1 Tnsuansii¥osazveslnaauazuua

AnnuueInseulasyiia Dry Type Cast Resin Transformer , Copper Windings ¥8491/58h L’e‘Jﬂ‘Syg nifeuaq

Type 3Ph 50Hz Oilimmersed transformer Conservator Type
HVside 22 KV. With off-circuit tap changer #/- 2 X 2.5%

LVside 400/230V. Vecior connection Dyn1i i
ERARAT
Rating Powar L KVAL| 50 100 180 250 35 | 400 500 630 750 800 | 1000 | 1250 | 4500 | 1800 | 2000 | 2500 | 3000
Ne-Load koes LWt | 180 250 380 500 700 | 850 | 1000 | 1200 | 1250 | 1300 | 1800 | 1800 | 2000 | oo | 2700 | 5200 | @00
Lmdiou?f(: - Walt | 850 | 1550 | 2100 | 2850 | 3000 | 4800 | 5500 | 8500 | 10800 | 11000 | 13500 | 15000 18800 | 1B500°| ZZ700 | 26800 | 30800

Impecance veliage 75T 5 S OO I T B ] e o e T e S i T T R o
Zy  -nOnm| 1280 6400 | 4000 | 2560 | 2052°| 1600 | 1280 | 1098:[ 4280 1200 | 960 | 786 | €40 | 800 | as0 | se4 | 373

Reactanoe Vollage RE 352 | 360 | 378 | 382 | 380 | 383 |i385 | 383 | 583 | SBL | 585 | 586 | S5E7 | 547 | 560 | 580 | Ba2
Xy  -.mOhm| T128 | 5800|3779 | 2448 | 19032 | 1532 | 1281 | 661 [ 1244 | 1188 | 935 | 750 | 628 | 587 | ¢71 | 578 | 38
Remotance Voltage . 1807|185 | 131 [odA8 | 120[ 345 | 110 ves | g4 138 | 135 |12 | 1oe | 12 | 1aa| 107 | s

Ry  .mDhm| BOBO"| 2480 | 1313 | 755 | 629 | 480 | 352 | ‘282 | 502 | 275 | 296 | 188 | 134 | 122 | 091 | o9 | 055

Rated Current  HV - amol .31 | 282 | 420 (886 | 627 | 1050 | 1342|1853 (1868 |-24.00 | 2624 | 3280 | 3057 | 4168 | 5248 | 8581 | 7873
Lv —amp] T2 144 | 281 [-381 [ 455 | 577 | 723 | e08 .| 1,089 | 1755 1443 | 1804 | 2185 | 2308 | zeer | 3608 4330
Ishotomut LV (lea} KA 18 38 SH. | 50 : 1 BB ‘23 18 e 24 30 8 3 48 €0 82

Sound level { Lps 0.3m) dB()| <28 V81 [snf 5t e [ | s s | s [ m se [0 a0 | w0 | &0 | 2 | &

Effoenoy at P.F.=1
st 5% lead % | OBZ8| 8883 (6870 | DEMD | 082 | OB6S | 9884 | 0200 |'oeel | pR02 | 0003 | eev1 | 2096 | 9ede | tods | ee23 | sem

3 0% Load % | 0643 | 8874 [BBO1 | 0802 | 8885 | 8801 | #808 | 8211 | peg7 | 0200 | 9801 | seDs | se11 | mead | eea7 | eeo1 | mazs

st To% Lead % | BB8 | GESI | BETI | 083 | 0A70 | OBE7 | 8692 | 0808 | 0673 | LE7T | 0670 | oees | bese | mess | pese | ee0s | smps

st 100% Lead % | G763 | ©A23 | B3 | D48 | 9855 | BB.ES | 872 | BB7H | BE44 | B840 | 9651 | 6850 | 5683 | oser | m875 | sEs | omer
Voiiage raguistion af 100% load
atPF.= 08 .. % 385|547 | 33| 9267|0330 |32 | 322 | 517 | 470 | 468 | 488 | 482 | 481 | 258 | 452 | 448 | 510
aPF=08 % 337 | a0d | 287 277 | 281|275 (271 288 | 382 | w0 | 387 | 382 |'3e0 | 377 | 37| 3@ | 4

aPF= 1 % 106 | 162 | %38 | 125 1N [ a7 [y | Ase | 455 es2 |18 | 1as | 13 | 181 | 135 |

Overall dmensan

L ~mm. | 1140 | 1320 130, | 1440 | 9530( 1620, [ 9810 | 1805°| 1855 | 1855 |.2065 | 2180 | 2220 | 2220 | 205 | 2500 | 2545
W ~mm | 665 | TEO | 765 | 820" | 843 | 685 | e60 | 1000.| 4180 [ 1100 | 4120 | 1280 | 4300 | 1300 | 1350 | 1450 | 1es0
H e (1225 | 460 | 1520 | 1540 | 17207 | 460 ( 1880 | #BEO0| 1845 | 1845 | 1995 | 2025 | 2425 | 2125 | 2095 | 2300 | 230
Tokal weght ~Kg. | §15 | 850 | 10BS | 1270 | 1870 | 1610 | 1820 | 2350 | 2730 | 2730 | 3130 | svi0 | 4850 | 4875 | s330 | 7os0 | eevo
Oil quantly <l | 130 | 240 5 | M40 | 515 | 470 | 460 | 800 | 730 | 730 [ 840 | 60 | 1330 | 1415 | 1370 | 270 | 2550

519 2.60 LEAAINT ‘Ix‘l?’fﬂf{’ﬂuﬂm“ﬁﬁﬂ Oil-immersed transformer Conservator

a

= = =) U = 3/
1311 2.60 uaaadalszniamvesnifoudasii pf = 1 Tasuansfidesazves Tnaauazuia

1 s = . a o ar 3/
AauveInioulasyiia Oil-immersed transformer Conservator ¥9413HN Lﬂﬂijﬁmﬂuﬂm
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PVSYST v6.47 | 2811015 | Page 13

Grid-Connected System: Simulation parameters

Project : Grid-Connecied Project at Nong Saeng
Geographical Site Hong Saeng Country  Thalland
Situation Lattude 17.4°H Longitude  104.8'E
Time defined as Legal Time  Time 20ne UTe7 Afitude 148 m
Abedo  0.20
Meteo data: Hong Saeng  MeteoNom 7.1 - Synthetic.

Simulation variant :  SUNGROW 500 kW + JA 320 W
Simulation date  26(10/46 11h35

Simutation parameters

Coliector Plane Orizntation T A4t Azimuth 0"
5 Sheds Pitch 660m Coflector wiith  3.00 m
| inactive band Tep D.00m Bottom  0.00m
Shading imit angie Gamma  1.13° Oteupation Ratic  45.5 %
Models used Fraasposition  Perez Diffuse  Patez, Meteonorm
Horizon Frea Horizon
Hear Shadings Mutual shadings of cheds
PV Asray Characteristics
PV module Simono Model  JAME-72-3261S1
Criginal P¥ayst database Manuiacurer JA Solar
Humber of PV moduies In zerizs 16 modules In paraliel 2080 strings
Tousl number of PY modules Nb.modules 37430 Unit Nom. Power 320
Arsay globat pawer Nominal {STC} 11981 kWp  Atopemsting cond. 10767 KW {S0°C)
Array operating characterisics {50°C) Umpp 804V impp 17502 A
Totnl arsa Module ares  T2574 mi Celfiarea 64411 m®
inverier Model  SGS00MX
Griginal PVayst database Manufacturer  Sungrow
Characteristics Cperating Voltage  460-350V Unit Nom. Power 500 kWac
Inverter pack b, of inverters 20 units Total Power 10006 kWae

PV Array loss factors
Asray Soiting Lossss Loss Fraction 2D %

Thermal Loss factor Uc (const) 200 WimK Uv {wind) 0.0 Win*K i mis
Witing Ohmic Loss Giohat array res.  D.57 mObm loss Fraction 1.5 % ot STC
Module Cuality Loss Loss Fraction 15%
Modate Mismatch Losses Loss Fraction 1.0 % ot MFP

i eflect, ASHRAE i aht=  1.bo{licosi-1} bo Param. 0.05

System loss factors
AL wire foss inverter {o tranafo Inverter voltage 315 Yac i

Wires: 3x15080.0 mn® 100 m Loss Fraction 1.5 % at STC
Extemnal transiormer Iron logs {24H connexion} 11845 W Loss Fraciion 0.1 % at STC
Rewstive/inductive lcsses 0.0 mOhm Loss Fraction 0.5 % al §TC

User's needs Uniimites toad {grid}

3U7 3.1 dretuenasnanmstiaesamiusn
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[z810116] Page 213

Grid-Connected System: Main results

Project : Grid-Connected Project at Nong Saeng

Simulation variant:  SUNGROW 500 kW + JA 320 W

Main system parameters. System ype  Grid-Connected

PV Field Orientation Sheds disposition, 1 157 azmuth

Py Model  JAMG-72-320/51 Pnom 320 Wp

PY Amay No. of modules. 37440 Prom total 11981 kWp
Inverfer Model Pnom 500 KW ac
Inverter pack No.of units  20.0 Prom total 10000 kW ac
User's needs. Unfimited joad (grid)

Main simulation results

System Production Produced Energy 17138 MWhiyear Spacific prod. 1430 KWhA\Wiiyear

Performance Rasic PR

[ ep—

SUNGROW 500 kW + JA 320 W
Balances and main results
Giobtior | TAmb | Gibine | GiobEd | EAmay | EGrd | enAnm | EMsyR
b © wver | ot | v [ LY %

January wse 24 [ 040 20 [y 14 1308
February 140.7 2440 .2 a9 e 452 nT 2e
[ 167.7 2729 1784 a7 ez 1e18 nor 1274
npri 1712 me0 my 1808 814 1287 191 1268
My R-1.] 230 187 Hig 1464 s nx 1287
une 1412 40 e 21 1291 1208 13y 1205
oty 188 @ 1287, 213 1700 120 138 1302
Aogust 103 ma freg 195 hr--3 1T 033 1204
September 1245 280 1288 i 221 112 un 1294
October 1473 Trog 187 o s r nwe 1288
Hovember 128 M40 1204 ®14 1547 1704 ne 1205
December 18 285 #ag 1353 15 1220 1240 1383
Year a8 | 2w e ) ez 17138 nw 260
Legencs: @obHor  Hofieontal piobal imadiation Effecive eneegy # e ot of he ¥ray

Thrmb Aerkmnt T E_Gria Energy sjectad into grid

Siobinc Giobal incident el plane EfAR Effie. Eout armay Irough arex

GiebEf  Effecive Giobal cor for AMand shadings . EfSeR . Effo Eout system [ rmugh area

T

3
U

1N 3.2 MedrenTINan1I e Mg 2

PVSYST V64T [ 28110016 ] Page 33
Grid-Connected System: Loss diagram
Project : Grid-Connectad Project at Nong Saeng
Simulation variant :  SUNGROW 500 kW + JA 320 W
Main system paranwters Systemtype  Geld-Connacted
PV Field Orientation Sheds disposition, tilt 14" asmuth D™
PV modules: Model  JAMG-72-320/51 Prom
PV Amay Hb.of modules 37440 Promiotal 11981 kg
inverter SGS00MX Priom 500 KW ac
Inverter pack Mo, of unts’ 200 Prom total 10000 kW ac
User's needs Unfmited foad (grid)
Loss diagram over the whole year
L THON Horizontal gfctal irradistion
i T L a7 Glokitmesdantin ook e
E«E“ Neaxr Shadings imadanoe loss
t‘ 31% VM factar on gickal
20%  Soling loss facior
Effective smadiance on collectors
4 comenrion

17622 Mih

413

17138 MR
—

Atrany roeminal arergy (at $TC effie)
P loss due o imadiance level

PV o3 dus 1o temparanrs.

a 1

A
N 3.3 708

31
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Project : %@ 11s19aft51A3

1. Geographical Site : d01UNASIABIN1T Simulation

¢ .

2. Situation : zUBAMNARA TUAD TN 15U A1azAgA a0IAgA AIMTALRDUVBALAL UAY Time
zone
P = v 42
3. Meteo data : UBNNNNYBINITAITBYAADIUNUUN
v 1 b
4. Simulation variant : %8 Variant 1151913
5. Simulation parameters : ATH151NABTA99 MIIFBITIHUABANDTIAOIHABONN
3 2 3| ' oy & 9
a. -Collector Plane Orientation : (Hudiulunisasnims Naunaas Usznovlide
A A% \X
i Tilt: YUUBWHINITINUNY
I - = d o kY ) 3/
ii. Azimuth : NeveAdEad 1oy MMuale yu 0° = Aald
2 ) o b Y 1
6. PV Array Characteristics : Ha11a9391nm5A mnae 1dsunsy Uszaeu lidae 2 diu
= o
a. 1.PVmodule : UNIF@AUAIDIMAY
i, Model : FUUDIN
.0 a o
ii.  Manufacturer : 8¥i@NI
ii. - In series : TMUIUNUHIABOYNTNAY

9
iv. In paralle] : PIUIUAATINIHUAVDILHS

¥ '
a o =

o o =Y
v. Nb. Modules : S1U1ULHIYARUAIDMAsnanuaNdna 14
5 o o wr 1 E'e 1 ] [~
vi. . Unit Nom. Power : a3 llfhwesunusaddenilawu wiiedh wp
. . o &, P i
vii. ‘Nominal (STC) : maa I saupaunasaduasemnonavivafigeald

= =

viii. At operating cond. : ﬁwﬁ’agaqaﬁqmwgn 50 DIAUTIAITA
ix. Umpp : USAUGIZANUIHANABDYNTUAY
x. Tmpp: nizuagigalunpazansa
. g = o = u’g’.ﬂ
xi. Cell area : WUNVDUFAAUFAIDNAGNIVNA
o d’.J = ?; 4 a -4
xil. Module area : WUNNINUAVDILHIEAALUTIDINGY
b. 2.Inverter : 9UID3 D5
. T a o
i. Model : judunasines

.. Ay a ¢ o
ii.  Manufacturer : 8¥99UIDIINDT

51



] [ I:: 4 o
iii. Operating Voltage : FIUTIAUNBUNBSIMaTINY
- . o @ o 4 ad 2w 1 I~
iv. Unit Nom. Power : Mad IWihuesdunesimeineniiana nuledly kwWac
v. Max. power (=>25°C) : Maagugangungll 25 sermuFoaiFos
X . 8 a < /4 v v
vi. Nb. of inverters : 1MUIUBUNBDTIMO TN 1FNIHNA
o o W a 4 gr g v
vii. Total Power : ﬂ'Iﬁ\‘illﬂﬁliﬁu‘um@m’miﬂﬁﬂnﬂﬂﬁl%’
1 ] i a S ] 4
7. PV Array loss factors : ARG oA MinaTuUe sk ad
e 1 ¢ 3 o = ' A H
a. Array Soiling Losses : MANMA/Sisudnnugadsnindu vieanuanilsnveaumy
] J
b. Thermal Loss factor : ﬂ']ﬂ?ﬁ&g’igl%fﬁl‘lﬂﬂ’ﬂﬁ‘i@u
% o . ! kY
c. Wiring Ohmic Loss : MAugaudsninanuaumuluae Idunszuans
i ! ] o
d. Module Quality Loss : AN QA891NAQNTAVBIMHLIHA S
i ' i a .o 1 I 0w
e. Module Mismatch Losses : A NgQaolifiav1nnsao N UALad nnaa
AAAAABUNY
8. System loss factors : maugdeluszu Usenou'lidqe 2 dam
. P i a A a g A V= o o2
a. 1.AC wire loss inverter to transformer : ﬂ‘lﬂ’J‘liji,:.t’fgL’ﬁEJ‘Vll,ﬂﬂcluﬁ"!ﬁlu],ﬂ‘lnﬁﬂun’a‘imﬂim
niloudlas
¥ y =Y e & Y] 9/
i, -Wires : ¥11ALaANNE12v89a08 I 1ndwaosme s 1 dmdaulas
b. 2.External transformer : A Mgaudsn e lundentlasmoueniuiioude Usznouday
1 =4
i. -Iron loss : MANMg@slunALWAnN

ii. -Resistive/Inductive losses : AIANNGYToINBUAUAUTUB MDA

9 o
¥ 2
o w a 1 o3|
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1. Horizontal global irradiation : 398 NIMUANTDINGAULHU
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3. Near Shadings: irradiance loss : mmqaﬂuﬁmﬁaamﬂm
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4. IAM factor on global : iWlmimesilBININYyUIRTeuTivetnweIRndias myazHeuvosTag Tuuny
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6. Effective irradiance on collectors : M3uilasnaanuasiufiilundinunanuannsmauusu

7. PV conversion : UsZ@nSnmvosuny
¥ ]
8. Array nominal energy (at STC effic.) : WadnUNInUAIDAANANINUTEANT A NLIHY
9. PV loss due to irradiance level : Augaydoiiioaninszaumsunsad
10. PV loss due to temperature : ﬂ’J”IEJgﬂJL%EILﬁﬂdmﬂqmﬂqﬁ
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14. Array virtual energy at MPP : wawmmmmumﬁmﬂaumgaunaimmf
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20. Available Energy at Inverter Output : WaNIUHAIDINNIUDUNIDTINDT
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3.2.1 1M V0N wa151aa (List of PVmodules)
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1. Canadian 2.First Solar 3.Helios 4.Hyundai 5.JA Solar 6.Jingko 7.Panasonic 8.Qcell 9.Sharp
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3.2.2 718MIUI93IMB3 (List of Inverters)
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1.ABB 2.Helios 3.Power one 4.Schneider 5.Siemens 6.SMA 7.Sungrow 8. TMEIC

54



3.2.3 wadaesvaalilsunsu PVsyst
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ABB SCHNEIDER
500 kW 540 kW
Solar Solar
Sharp Canadian Frontier| Trina | Helios Canadian Frontier| Trina
PV Helios USA | Thin JAsofar | linko solar  |Q-cell thin | solar USA |Sharp Thin | JAsolar | Jinko | solar |Q-cenl thin solar
(Wp) 290 Wp [140Wp | 320Wp | 320 Wp | 320Wp [280Wp (170 Wp| 325 wp | 290 wp |140 wp 320Wp | 320Wp | 320Wp |280Wp |170Wp| 325Wp
PRI3%) 76.25 7962 | 7735 | 7768 | 7719 | 7701 | 8201 | 782 76.58 79.93 715 7792 | 7737 | 7842 | 8219 | 7834
Sys Prod.(MWh/Yr} 17927 16721 | 18187 | 18261 | 18150 | 18317 | 19284 | 18386 | 18007 | 18793 | 18223 | 18317 | 18192 | 18367 | 19327 | 18410
Specific Prod.(kWhr/KWp/¥r) 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 | 11999 | 12000 | 12000 12000 | 11998 | 12000 | 12000 | 12001 | 11999
| Module Area (m’) 80777 | 120294 | 72690 | 72752 | 71956 | 71570 | 86693 | 71638 | 80784 | 120294 | 72690 | 72752 | 71956 | 71570 | 36693 | 71s38
In series 16 1 20 18 20 22 8 20
In Parallel 2586 7143 1875 2083 1875, 1948 | 8824 1846
Nb.PV module 41376 85716 | 37500 | 37494 | 37500.[ 42856 | 70592 36920
Pv Pnom (Wp) 290 140 320 320 320 280 170 325
Pv Pnom total (KWp) 11999 12000 | 12000 | 10002 | 12000 | 12000 [ 12001 11999
Inv. Operate{V-v) 450-825 | 450-825 | 450-825 | 450-825 | 450.825'| 450.825'| 450.825] 440-800
Nb, Inverter 20 2 20 20 20 20 20 20
Inv. Pnom (kWac) 500 500 | 500 500 500 500 500 540
Inv. Pnom total (kWac) 10000 11000° | 10000 | 10000. [ 10000"| 10000 | 10000 10800
Soiling loss (3%) 2 2 2 2 2 2 2 2
Module Quality loss (%} 15 15 15 15 15 15 15 15
Module Mismatch loss (%) 1 1 1 1 1 1 1 1
Wires (%) 25 23 15 18 15 17 L7 15
fron loss (%) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 01
istive losses (%) 0.5 05 0.5 05 05 0.5 05 0.5
| Inv. Operate loss (%) 2 21 26 24 26 15 25 24
= = 1 a 1 % -
gﬂ‘tfl 3.4 LLﬂ'ﬂQﬂ’]‘i’NL‘LEEIlIL‘VIEJ‘Uﬂ’lW’I‘i’IlILW 23A19991NHA Simulation
SMA SUNGROW
630kW S00kW
Sofar | Solar
Helios Canadian Frontier]  Trina Helios | Canadian Frontier| Trina
USA  |Sharp Thin | JA solar Jinko solar | Q-cell thin solar USA  |Sharp Thin | JA solar Jinko solar_ |Q-cell thin solar
290 Wp |140 Wp 320wp | 320Wp | 320Wp [280Wp |170Wp| 325 Wp | 290 wp |140 Wp 320Wp | 320Wp | 320 Wp |280Wp | 170 Wp| 325 Wp
76.87 79.99 78.13 78.28 77.93 7838 | 8274 | 7831 76.9 80.35 78.29 | 7864 7828 7846 | 83.11 | 7917
18074 18807 18371 | 18403 | 18323 | 48429 | 194857 | 18528 | 1so7s 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 | 72690 | 72752 | 17956 | 71576 | 86693.| 71634 | 80777 | 120294 72678 | 72752 | 719s6 | 71543 B6674 | 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 | 37454 | 37500 | 42860 | 70592 | 36918 | 41376 | 857167 | 37494 | 37494 | 37500 | 42840 | 70576 36918
290 140 320 320 320 280 170 325 290 140 320 320 320 280 170 325
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 | 860.850 | 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 | 113490 | 11340 | 11340 | 11340 | 10000 10000 10000 | 10000 | 10000 | 10000 | 10000 | 10000
2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2
15 15 15 15 15 15 15 15 15 15 15 15 1.5 15 15 15
1 1 1 1 1 1 1 1 1 1 1 1 1 H 1 1
1.6 231 15 1.8 15 1.7 1.7 15 16 231 15 18 15 1.7 17 15
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 0.1
0.5 0.5 05 05 05 0.5 0.5 0.5 05 05 05 05 05 05 05 0.5
1.6 16 16 16 16 16 1.6 16 12 12 1.2 12 12 1.2 12 12
= = J = a1 . . 1
'a"]JVI 353 Lm‘ﬂ\‘lﬂﬁ"lﬁﬂﬁfmm&mﬂ"lwli'liJLﬂE]iGIN‘] 1NWA Simulation (§1D)
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3.3 AIUVDINITODNUUY (Part of Design)
3.3.1 Ann3aialatilaezunsu (Single line diagram study)
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33.2 ﬁﬂ‘iel'lf)1‘§=’i‘]'ﬂ'n~mﬂﬂl'¢ﬁm‘§'l°liﬁﬁ (PV Layout Arrangement)
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AIUYBIDIAS
LI~ 1 % 4
Uy 3 89U Av Electrical Main Substation, Ware House, Guard House
1.Electrical Main Substation
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2.Ware House
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3.Guard House
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3.3.3 ANHISTUUNTIINAS (Grounding system study)
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route, Grounding system layout
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1
1.3Ut11v9952UUN319A3 (Conceptual design)

JESIGN CONCEPTUAL
— - e e P OB | ﬁ.,in._______,ﬂ"ﬂmt%
E_L;”_"—“::“_"_Tmm wok L B | <& = e 3
I IEAES) 1 S i E1 |l
i Y ey SRS e H—— L S| ‘
{ L[:r; LS : S i ) E ‘ g
i sl‘rrn CA S 3 il B H g g |
L f S 1TSS 28 S, RLETEY ETEN M o s | B lef 10 e - 4
% sl J — IJI@ PV Plants | 2 - o
H 7 tamn a8 maem| 10 : - j_]: i 3
P A i.n_hm_.,f.,__.__,___,,_J e | . ? 'R
B i sy AR T =g |
Liof Electrical Main Su smuon¢} : W | i
Eof ‘. ' :IL Afiin =l | 8
; ~: mam Inverter Room and TR Yard ; > : = i H i i
i H : | 1 Sue. S ;
| Q SVEATIR BULDRE | i | Kl }
_____ 1165 S i ol || )™ q ||}
ST =) 3. v g
H e — . ; 3 Py il '
| i { |
. U, W mo)

[ E
319 3.7 uaasgiunumissenuuuszuung 2R

= 3 o A o = v g
nnzU7 3.7 Wunmunu Tassauvesszuunsiaae dglivunisesniuuman fe wiaduay

Welded) aztauaiauuulday auanad 1961 0.6 was

317 3.8 unauildamensingd

59

U 1 = Y 1 1 Y [ 3 ]
a9 1AUA Electrical Main Substation, Inverter Room #as PV plants tfiazaIIZFONNEIU Loop Hot
& v 8w 1 e = ' € % o o
uazvzirounedInuilu Loop 1vanaszuy $8n91 Main Ground Loop Taeldmeinimeuasvuia 70
9
1 J Y] J = 1 @i a0 Y

Sq.mm Loop 808LARE Loop U1 93UNIADRAL TAgNIAIN0IUAIAIMI 3 1A5 1a8a1NdIUNIY

3 v o (- o =y = 4 1 4 o o
UNINBUAINUANTINAUNAY 5 Toiu mulu Loop ww@udemileausaisoderousudounani

1 I g 1 4 1 y 1 Y =
aIungueniilu Loop dou331118e Main - Loop 3ai¥enseifousefudion1uden (Exotehrmic




1.1 PV Plants

~ = o
7U% 3.9 uermssuuaeAuves Teasad

£, P2

U 3.9 Tual31a PV Plants azianmonsnin lnsudasuseas Maoni s iendeiulaold
@YVUIA 2.5 Sq.mm. 31NA Ground Hole ALK 9192 1H 81154 Main Ground Y09 PV Plants 32wy
MONT1I9D9 ATB UU1A 16 Sq.mm A8 Main Ground 164 PV Plants A1 6941 16 Sq.mm WIANDY
1y Cable Tray 91MTHZI30AADRY Main Ground UBITFUVIOU) Plants LAz 1¥oude 11/6a verter

Room A Electrical Main Substation 981982 2 @18

i I A 1 : V T 1
317 310 MOTIANAONIZHIWHIVUIA 2.5 Sq.mm FIUFBY Ground Hole

60



e L S § A e e P T

e

3
il

1% 3.12 9ah

q

#829A1UIN Main Ground Y84 PV Plants T Cable Tray

61




1nzU# 3.2 Huaiens1duina 16 Sqmm doasaulasfudaone PVC Fmass Tnovs lidouy Main

Ground Loop ¥8e5zuu1uldau

= — VLTRME B0 . =
’ﬂ@ - : M. B e : iy
7
:
i
+ J
g; H
§ t
*?I
E:-1
§ g
3
----- 2
B
;._v--"'-'!
il
2 4
mf ¢ -
R
§ i
Ei
1

71 3.13 570021869089 Main Cable Route YDIa10ATIIA 11 Cable Tray

a

' o X < g .

1314 3.13 11lus10a180AYD3 Main Cable Route Y94A18AT1IA 1 Cable Tray aatdas iRy Unit
] ) ¥

Substation NTFOUADAUTLH I AJB 111 Main Loop Ground 984 PV plants 9749 8 Unit Substation 923

unadhasfued1eaz 1 99

62



1.2 Electrical Main Substation
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1.3 Inverter Room
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Normal operation : Emergency operation
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220V 240V 200V 240V 200V
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o . Harmonic distortion
Total harmonic distortion

Voltage level of voltage (%) order of voltage (%)
Odd Even

115 kV 1.5 | 0.5
69 kv 25 .63 0.82

33 kV 3 2 1
11, 22, 24 kv 4 g 1.75

400V 5 4 2
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4
UNN4
HaMIA UM IR AU

4.1 wamsdraealdsunsy

o o o 4 A
VUAMAWD lwa13v1in 10 MW(AC) W39 12 MWp

Aa A =
-a0uNAe N 9.aN15
“a¥oune PV Module Nimualdidonls 1aun
1.Canadian Solar 2. JA Solar 3.Jinko Solar 4.Trina Solar
“Aeduneimeindmualdidenls 1aud
1LABB 2.SMA 3.SCHNEIDER 4.SUNGROW

i 3 v

Jumsdraesluldsunsy pvsyst e azdmuauaiids 13edrafonTassuiaiiuii 1 sunsunsfuam

F % Y. & 2 A
mwwzwuﬁmammmwmmuﬁuﬂ Plants ﬂﬂﬁhﬂﬁ,ﬂﬂﬁ’]ﬂ'Il.l']ﬂ!tﬂﬁﬁ']llﬂ’ﬂﬂmil'mﬁﬂ

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 | JAsolar | Jinke solar solar | JAsolar | lJinko solar solar | JAsolar | Jinko solar solar
(wp) 320 Wp | 320Wp | 320 Wp | 320 Wp | 320 Wp | 320 Wp | 320Wp | 320 Wp | 320 Wp | 320Wp | 320 wp | 320 Wp | 320 Wp || 320 wp | 320 Wp | 320Wp
PR(%) 76.62 | 76.99 | 76.25 | 76.92 | 77.24 | 77.60 | 76.81 | 77.58 | 76.88 | 77.24 | 76,52 | 7718 | 7757 | 7798 | 77.90 | 7787
Sys Prod.[MWh/Yr) 17,125 | 17,206 | 17,041 | 17192 | 17,328 17,410 | 17,324 | 47,394 | 17,181 | 17,263 | 17,002 | 17,249 | 17,337 | 17,415 | 17298 [ 17.403

Specific Prod.(kWhr/kWp/¥r) | 1420 | 1,436 | 1,422 | 1435 | 3,441 | 1,448 | 1,433 | 1446 | 3,434 | 1441 | 2,427 | 1040 | 1447 | 1454 | 1,408 | 1253
Array Global power (kWp) | 11,981 | 11,881 | 11,981 | 11,981 | 12,027 | 12,027 | 12,027 | 32,027 | 11,981 | 11,981 | 11,981 | 11,981 | 11,981 | 11,981 | 11,981 | 11,981

Module Area (m’) 72,574 | 72,647 | 71,841 | 72,647 | 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 1B 18 18 18 18 18 18 18 18 187 | 18 18 18
In Parallel 2,080 | 2,080 | 2,080 | 2,080 | 2088 | 2,088 | 2088 | 2,088 [ 2,080 | 2,080 | 2080 | 2080 | 2080 | 2,080 | 2,080 | 2080
Nb.PV module 37,440 | 37,440 | 37,440 | 37,440 | 37,584 | 37,584 | 37,584 | 37,584 | 37,440 | 37,840 | 37,440 | 37,440 | 37,440 | 37,440 | 37,440 | 37,440
Pv Pnom (Wp) 320 320 320 325 320 320 320 320 320 320 320 320 320 320 320 320
Pv Pnom total (KWp) 11,981 | 11,981 | 11,981 | 11,981 | 12,027 | 12,027 | 12,027 | 12,027 | 11,981 | 11,981 | 11,981 11,981 | 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 (%] 2:3 1.6 2 12
Module Quality loss (%) 1.5 1.5 1.5 1.5
Module Mismatch loss (%) 1 1 1 1
Wiring ohmic loss (%) 1.5 1.5 1.5 il
Iron loss (%) 0.1 0.1 0.1 0.1
losses (%) 0.5 0.5 0.5 0.5
Soiling loss (%) 2 2 2 2

§ ) J = o
gﬂﬁ 4.1 LRI NAANITIIAIATWIT TN TH199)

= I ° v 1 1 A o 4 L4 d 1 a9 ! A 4 1
ﬁ]'lﬂgﬂrﬂ 4.1 LﬂuWﬂﬂ’]i‘il'l'ﬂENﬂ']'i§JUﬂﬂuiﬁﬂﬂ?ﬂﬂunﬂﬂﬁﬂ‘ilmmmﬁicﬂﬁ'ﬁmﬁﬁﬁLmﬂgﬂﬁﬂ NBUNVSIADNE
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3,4 kY o o 9 = EY 9 A I~ = e s P
Inunludonhlhdsdmsannnundosdiaiisinndudidenialumsamuy aalugii 4.3
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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
Tri 0. 20 ;
ABB 500 kW 145,000.00 2 2,000,000.00 Ik 40 2 3740
A 0.40 320 37,440
Jinko 041 320 37,440
Canadian 045 320 37,584
Trina 0.40 320 37,584
SMA 630 kW 132,300.00 18 2,381,300.00
A 0.40 320 37,584
Jinko 0.41 320 37,584
Canadian 0.45 320 37,440
Tri 0.40 320 37,440
SUNGROW 500 kW 100,000.00 2 2,000,000.00 L .
IA 0.40 320 37,440
Jinko 041 320 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 - : !
i : JA. 0.40 320 3740 |
Jinko 0.41 320 37,440
T o . g — e — e — . e ———

=

4 1o A 4 A | a
E‘ﬂﬁ 4.2 L!.ﬁﬂwn‘ﬂ\i‘i‘lﬂ’w@ﬁlmﬁI“h’fi'lilﬁh’ﬁﬂﬂ"i]‘]_lﬂﬂﬂjﬂui’lﬂilﬂ'ﬂitmﬁgﬁﬁu{ﬂ

Total PV Modulgﬁ;}f&e (US_?J‘q
5,391,360.00 -8,291,360.00 291,772,958.40
4,792,320.00 C Ly 7,692,320.00 ; 270,693, 740.80 ;
4,792,320.00 7,692,320.00 . 270,692,740.80 ;
4,912,128.00 7,812,128.00 i ' 274,908,784.32
5,412,096.00 7,793,496.00 274,253,124.24
4,810,752.00 7,192,152.00 253,091,828.83 f
4,810,752.00 7,192,152.00 ] 253,091,828.88 L
4,931,020.80 7,312,420.80 257,324,087.95 i
5,391,360.00 7,391,360.00 260,101,958.40 ‘
4,792,320.00 |1 6,792,320.00 239,021,740.80
4,792,320.00 '6,792,320.00 939,021,740.80
4,912,128.00 6,912,128.00 743,237,784.32
5,391,360.00 : 3,691,360.00 ' 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 wamseenuuudunalarilaezunsu (Single line diagram design)
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2.Ware House
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4.4 SEUVNINIARY
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1.2 Electrical Main Substation
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1.3 Inverter Room

INVERTER BUILDING
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1.4 Ware House
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Type of Equipment Number of Equipment
THW Single Core 2.5 Sq.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.

A & Pt Aq o
ATTNN 4.2 %Lﬁﬂ\ﬁ"lﬂ']‘l]@ﬁ@ﬂﬂ‘iﬂl“ﬂ@ﬂ55‘1J1Jﬂi1')ﬂﬂ\11’]\11’i‘1]ﬂ1‘116b'

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 B2 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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W1 81713 Electrical main substation
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* NUNGIVG "lumsaanLmmi’mzé’m%amummgwmﬁw. 414w IEC 1oz NFPA v1ednania Tavfa
manuisslumsAairiiundeu ndwminidnnussfuns oty

Air Terminal $1u9udlu llawmsnesaiinsenay 45 m v1nTUsunsy Auto Cad

i IMC 4118 1 112 g 1509 Air Terminal §9910 $149U Air terminal x A2e712 Tas195hy 2 m e
Air Terminal 1 73 uazaeudederdadudy Taviuas 3 m

e PVC v11A 1 111 Jouaunensdunine 2.5 m aogAReatAY AzReNT TR FuiluTy Taotuas
4 m Flat saddle ifug1us84vie IMC Hefafundant AA91n$1142Y Air Terminal x 2

Ground Test box 91HIUILININUIAADAIAU

Insulator Ground wire Support iHusta a1e Bare Copper 1ﬁﬁ1i$ﬂ$ﬁ1ﬂﬁ<‘lﬁuﬂﬂ1‘iﬁl’3ﬂ 0.9 m

e8 Bare Copper (Humedihasau Idnsseynanuavo e

Steel plate 1915201 Air terminal @IULULALEINEN AATINTIUIY Air Terminal x 2

= a o o ar 1 g 9
M3 4.3 udasyiiauazsaugdnsalvesssuutesiudhnls

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 Piate (150x150x6t mm.) 34 Ea.
Flat saddle 17 Ea.
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M990 4.4 uaaesnging

4

ainanuavesszuuesnuiiley

Type of Equipment Material Cost | Construction Cost Total Material Cost Total Construction Cos:
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 HAMIVBNUVVTLUVUAIAINNAZIANTY (lighting and Receptacle design)
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§ L4 g.l § 1 o
A13191 4.5 uaasgunsalnsmualFluszuunasaiaazidsy

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 land 3 181
WC.Women 1 x TL-5 35 W and Dowlight 1 x 15 W 1 and 3 181
Substation Room 2xTL-535W 12 473
Ware House TAUNTINTZVBN 1 X 250 W 12 430
Guard Room 1xTL-535W 2 236
Tiolet (Guard House) Dowlight 1 x 15 W 1 185
Inverter Room 1xTL-528W 40 357

- Switch 1 Way 32 =

e Duplex Receptacle 16A, Indoor type 81 =

- Emergency lighting (2x6W) LED lamp 15 -

i A

M31497 4.6 uerasmgnselnsnuei 1 luse uunasa auazighiy

Type of Equipment Material Cost Per Cons!rucﬁ'on Cost Per Total Material Cost Total Construction Cost
Unit Unit
2xTL-528 W 2,000 550 12,000 3,300
2xTL-535W 2,200 600 66,000 18,000
2x TL-535 W (WP) 4,750 380 4750 380
I x TL-528W 1,200 400 48,000 16,000
1xTL-535W 1,300 450 4,200 1,800
Dowlight I x 15W 525 320 3,675 2,240
TAuMsanszLen 1 x 250 W 6.500 1,250 78,000 15,000
Switch 1 Way 80 B 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 Nilmiﬂﬂﬂ!!ﬂﬂizuu;ﬁﬂuﬁﬂﬁﬂﬂ1ﬂiwaﬂ‘ﬂﬁ (Fire alarm system design)
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wdvvanuuundn 2 a1 14U 1.Block diagram 2.Layout

1.Block diagram of Fire alarm system
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230V, B0HE, 1 PHASE, 2 WIRCS
PR 1 l fiich Atm02 }
FIRE ALARM CONTROL PANEL faf | L2 e
GA=D1 — =
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GRAPHIC ANUNCIATOR i
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' Q=13 (4]
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W.C WOMEN '
¢
®
[T
i-30=13
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317 4.38 1aA3 Block diagram Y945211 Fire alarm
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11031 4.38 111 Block Diagram veeszvuLsaFoUAAUMAY Hunmsuaasgiuuy Tassawves

201 TavFunngaiugy (FCP) fiegluWeiniunuves Electrical Main Substation 230 v 311w 11910

szuud1509 19 (UPS) 150uADMY Graphic Annunciator 1AY Addressable Module LAZAILANTZULLLS
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) [
woussnumanvua 2 Tou TasTauusn Ae @21Y0991A15 Electrical Main Substation 1182 Taru 2 Ao

AIUVDY Inverter building

CABLE SPECIFICATION

POWER CABLE FOR FIRE ALARM CONTROL PANEL
2x2.5 'sq.mm

SIGNAL CABLE
1Px2.5 sq.mm. FIRE RESISTANCE CABLE.

2Cx2.5 sqwmm. FIRE RESISTANCE CABLE.

{ g ¢ ) v w =
311 4.39 dydnueinieg Tu Block Diagram szunudufoussaumas

A ~ 1 =S =] @
g1l 4.30 aasfadvosas i ludumesie TaGunagaaunu Fep) Wudauqundn

voeszaasy Iihnszuasdn 230 v 910 szundiseslyl (UPS) ooy Graphic Anmunciator Ing

° 2 o . | [ A
Power cable Y119 2x2.5 Sq.mm 311U 2 (7Y (1§UFLAY) FINNYULUBY Graphic Annunciator (HUATTI]

e
'
= g A

uana Trlogdrunh TavagAnogsouq PV plants azdIuveteIns mihnusadeunianuge Iy

L1 (L

Tymidzuduiou Tavriu Addressable Module  taztian eI Fiuasdranting daunne  Addressable

a

A 1 oW g

Module 1¥0uADNVAAIUAN (FCP) 1Ay Signal Cable Y119 1Px2.5 Sq.mm %@ Fire Resistance 31471 2

U

2y A e

o T e a o @ = T o
1y (Fuddu) 39 Addressable Module nuihidousonugunsalududousudumaalu Toumeg s

¥ A /g o . Y A
2 Tasy mﬂuumewuﬂtgmqﬂﬂimﬂ%mqm lay Smoke Detector (L8Z Manual Pull Station 32L9UADU

N

] =Y o o A
WIUNN Signal Cable YU1A 1Px2.5 Sq.mm ¥UA Fire Resistance Iﬂﬂqﬂﬂ‘im 2 ATUIFDUADDINURA IS Y
= =1 L 7 U
ey iWumeddudagal 4.30 ufufonlalds Addressable Module 15hgdnIunu (FCP) nazaz lueaa
ulﬂ?mmﬁﬂmm Graphic Annunciator
A A T ow 1 o
’Qﬂﬂ'ﬁﬂ!’t’]ﬂ@]? A® Alarm Bell 1394819010 Output Module (ag’lu Addressable Module ) aulu
¥ A g = v ow . 1 1 :;. ~

NITUIUADUANHUSIAYINUND Smoke Detector LB Manual Pull Station Lmllﬁﬂﬂ’lﬁﬂﬁ'lﬂul‘v\lﬁ'lﬂﬂ"l
A ' < . 2 . , & 1w o Y 2
iousio Iaeiily Signal Cable UU1A 2Cx2.5 Sq.mm ¥iiA Fire Resistance I¥oudarius ududen sluse

o

=
a29n931 4.39

129



o ' o %
2.MIDONUVULAL AN UIGUNTAL (Layout design)

AIUVDY Electrical Main Substation

DB-UPS01

Fire alarm Control panel Graphic Annunciator

Addressable

Module Panel

General Room
Substation Room

Meeling Room

31l 4.40 mvuyugalu Electrical Main Substation

- ﬁﬂﬁﬂ?‘ﬂﬂu @ Smoke Detector 1§17

- Substation Room @if Smoke Detector 1 §7

- ﬁ@&é‘lﬂﬂﬁl 9 Smoke Detector 1 ¢

- General Room @ Smoke Detector 2 @7 A Manual Pull Station 1 §17
5 ‘I’si’ﬂﬂ‘lf'lﬂiﬁ\‘] @f Smoke Detector 1 #i7)

- Meeting Room @f Smoke Detector 1 77 AR Manual Pull Station 1 §7 Af Alarm Bell 1 @7
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FIUVDY Inverter building

1 .

TRANSFORMER YARD INVERTER ROOM

¥
s

H = o
g‘ﬂﬁ 4.41 ﬂ”lWLLﬂJ‘}JﬂﬁGIﬂmﬂﬂqﬂﬂiﬂﬂu Inverter Room 1411@"0

8

{ =1 e w t4 =

1ngili 4.41 uaasliitiuniAnasginsal Smoke Detector T Inverier Room ¥9ia Addressable

P { o (= S TR v Y A o wa A o A = =
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HU1§) Graphic Annunciator BINANUATAYNIN (1BI910 PV plants uuuwumumﬂiwmu mﬂmmmzu
© 1 o -} 1 =]
A lvfieninedymitazaunsoud luldetsins)
) o tg ¥ a o " "

Smoke Detector mﬂgwmizﬂuwummﬂizmm 3.5 LUAT AUUINNATIN Inverter Room ¥149910

MR aIaz 4 mAsHAZHINANTIULIEE A9 2.25 BiAS AN TN
A Wy o3| @ = S ¥ ¥ L7
JUunumsAeasly PV Plants aziludnyaiz@ondumia 10 Unit Substation mznzuuagl1dn

1 3’, o @ a = = a2
lugauved PV plants Husziiginsaludufoussduimwd Smoke Detector Fiia Addressable Type Na¥uA
10 A2
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= & O = 9 A @ a
M3197 4.7 uaasginsaiiavuailFluszuunsufeussdumas

Type of Equipment Number 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.

Manual pull station 2 Ea.

= CRT A Y A o o =
ATT NN 4.8 uﬂmmm@ﬂnsmmwmw‘l‘fﬁmwmmqmauﬂaﬂm‘wm

Type of Equipment Material Cost | Construction Cost Total Material Cost Total Construction Cost
Per Unit Per Unit
Power cable 2 x 2.5 Sq.mm. 100.45 2é.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 26,215.4

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 HANTOBNUVVIZVUNABIIND5UA (CCTV system design)

1 n:%.J P Y] 9 = J IS kY a
Tumutlizeonuuuinerduszuundesansila mseenuuuszuundeansilazdoveniuumnsn 2
a1 '18uA 1.Block diagram 2.Layout

1.Block diagram of CCTV system

UPS-01 230Vac

UPPLY UNIT

POWER CABLE Cu/XLPE/PVC 2C+PE 4sq.am, 2.5¢q.mm.
LAN CABLE

VGA CABLE

RG=6 COAXIAL CABLE FOR VIDE® SIGNAL

FIBER ®PTIC CABLE (6C). SINGLE MOBE (F/0)

gﬂﬁ 4.42 Block diagram ¥945¢UU CCTV
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1 442 uaasiedveame i ludumaingeg Tni5u91Ag CCTV control panel fiogluienugu
104 Electrical Main Substation 1Hudniugunanuesssunied Iihassuaady 230 v 910 seuudises
W (DB-UPS-01) Taoieudedue1a Power cable 2C +PE 11 4, 2.5 Sq.mm 911 11&u Tagluau
VD4 Transmission equipment 11?]&@: CCTYV control panel %L“ﬁ’e‘]ﬂjﬁiﬂﬁ/ﬂ LCD Color Monitor 38818 Power
cable 2C +PE U119 4, 2.5 Sq.mm 11171 1 1§41 A28 VGA cable 1 1§UFI8nHUZ93 LCD Color
Monitor ﬁ‘Ju %amﬁmaguﬁﬂamw%mgﬂuﬁ’mmuﬂwmmmi Electrical Main Substation

Transmission equipment §uFeudofuABLRAADS PC 3nd26 §98818 Power cable 2C +PE 1119 4,25
Sq.mm S 1 1&Y UAZe10 LAN cable 1 181 491G Transmission equipment 2% 11i¥oudory
91n3al Converter N1y Junction Box 3415ae Fiber Optic wu1a 6C 11 Foude Converter iaz
Junction Box923 Power Supply e B8990 UPS 230 VAC ﬁag:mﬂalummi Electrical Main

substation 1A8Z1TOUABAIWEIY Power cable 2C +PE U119 4, 2.5 Sq.mm 51423 1 184 16170 UPS

gx ' a <4 4 oW o
9INUU Converter Ung Power Supply 711611 Junction Box #aflinaudunn Aazidouderuiindes
d
2195UANHuA 4 42 ﬁ’wma RG-6 Coaxial Cable 9121 4 1&1 LA 18 Power cable 2C +PE 9114 4, 2.5

Sq.mm 1Y 4 1F U audeU

o ' < 4
2.M1300NUULLALINALHURUNTA (Layout design)

FIUVDY Electrical Main Substation

O WE.WOMEN
0

conlrol room

/N

Substation room

General room

Meeting room

3UM 4.43 mmwunuyngalu Electrical Main Substation 5511 CCTV

] 9
1ng1i 4.43 urasnisiansgUnssi lunmyugely Electrical Main Substation Tagn1vTuvos
Control room 923 ﬂg@ﬂﬁ‘ﬂiﬂﬂ“ﬁﬁﬂ Indoor type | ﬁ”l, ﬁLCD Color Monitor 1 G‘i”:l, PC1 ﬁ’), G:I’:DB-UPS-Ol

o =) = o
1] uagmvlures General room §91/nsalg CCTV Control Panel 1§, nda3995Ta%iia ndoor type 163
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2 < a ' 4 A 4 9
1Ag Junction Box NazAnaglue1msil Indndesrsastadaiiedluos Control room e 1520z Tun1s e

y 4 1 o d.' 2’/
18 Power cable 1¥0UABAY UPS-01 Uaz a1t Fiber optic 1¥oUADAY CCTV control panel Hszoziau

ﬁ AUV Warehouse

| =

WareHouse

310 4.44 amnunyugaly Warehouse s¥uu CCTV

P a 3’; o = 9 =y =
1ng1lii 4.44 urasmisaaasgUnsal lunmyugelu Warehouse Tagagil ndne19astaziia Indoor type 1
2 Tavvzdeady Ilimsdaya s 910 Junction box 19¢1181A13 Electrical main substation 836818 RG-6

Coaxial Cable 143U 1 181 402 d18 Power cable 2C +PE U11A 4, 2.5 Sqmm $11I% 1 1§

B 1

Guard room

UM 4.45 mwuviyugelu Guard room 52U CCTV

U

{ a ¥ o v Aa
1nzUN 4.45 uamemsAnasglnsal lunmyugalu Guard room Tasndesdaiiinuene1nts Guard room
9Aandea99957ariia Outdoor type 1 A1 TnaazdoasyTiias dayanes 91 Junction box fingluetns
Electrical main substation @28/ 18 RG-6 Coaxial Cable 911U 1 (AU Loz Power cable 2C +PE U114 4,

2.5 Sq.mm 14U 1 1dU
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1 o d.
A15199 4.9 uaasgnsaiianualuszuundenaestlanld

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.

Junction Box (Converter & Power supply) 4 Ea.

Pan/Tilt/Zoom Camera (Doom Type, Indoor ) 3 Ea.

Pan/Tilt/Zoom Camera (Weather Proof Type ) N5y,
PC with 42" LCD Monitor 2 Ea.
UPS 230VAC 2 Ea.

= 2 & Y a) aq @
AT NN 4.10 Em'ﬂﬂi'lﬂ”I'E}ﬂﬂ‘im‘ﬂﬂ'ﬁuﬂiu‘i&ﬂﬂﬂﬁE]Q'Nﬂiﬂﬂ‘ﬂcl‘b’

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
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
3
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
b}
Indoor )
Pan/Tilt/Zoom Camera (Weather Proofl 160,000 3,400 160,000 3.400
2
Type )
PC with 42" L.CD Monitor 10,500 3,400 10,500 3.400
Total Cost 2,781,984.25
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4.9 #aN1399NUUY Electrical Main Cable Route

= \ ?5 = o 4 = . -
Tumsitume T luszuy Iddhden iy snzdesddumensnmmeiefauae 11 Electrical main

4 v
cable route) A LTsFRsTiMIRONUULIE UMM Tums@Eua s T Fagali 4.46

Electrical Main Route

avoX NWW

A mrj

{ o a 4 20 =
31 4.46 uanadumendnvosmsdume i lu Isarduwany edumhit

£LH T N oeeeeeetn WU § N i

] o
1Nzl 4.46 Ao idumananussnisi@uszuvae T ianue (Electrical Main cable route) 184
o & a 3y o= a
uwaun gsae I wesnszuudiusdesuduamndunieiiviedy Tnedudhity Aodumensiy

arelduuuldau Inaduluyie HDPE
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Ground Route
70 Sg.mm.

MAIN ROAD

d ' Y
FUNAUN (LTUANI)
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N 4.47 uaaal
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a

Fire alarm Route
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[
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¢
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a
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£1J1 Fire alarm 11 lasan
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CCTV Route

£ O FEE 1 O (L
T 75 17 3 0 1
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Lighting Route
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9 a T o d Y Ay
4.50 llﬁﬂQ!ﬁu“lfl']ﬂﬂ'lﬁlﬂufT']EJiIf‘NiVU'LILLﬁQﬁ'J"NﬁlHI“ﬁﬁTﬁLlWﬁuﬂ (tauda)
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A a a o d g
AI1T 1N 4.11 Lﬁﬁﬂﬁﬁ']ﬂlﬂl'umlﬂglﬁﬂﬂlnﬂﬂ'Nvlﬂﬁ"mﬂﬂnﬂﬂﬁl‘]f

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 ﬁnit (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
AC2Cx25+PE Sqg.mm. 956 m
AC2Cx 10+ PE Sg.mm. 165 m
AC2Cx 16 +PE Sq.mm. 50m
AC2Cx25+PE Sqg.mm. Sm
AC4Cx 10+ PE Sq.mm. 340 m
AC4Cx 35+ PE Sg.mm. 50 m
DC 1C x 6 Sq.mm. 41000 m
DC 2C x 120 Sq.mm. 10000 m
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= o

= a & g} Hq ¥
AN 4.12 UFAII AT 1AL ALDS YT ﬁl“ﬂﬂ‘]\?ulﬂﬂ'lﬂ\ﬁ’illﬂ‘lﬁ‘]f

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 Sqmm. 80 46 13,200 7,590
AC2Cx 16 +PE Sqmm. 119 47 5,750 2,350
AC2Cx25+PE Sqmm. 212 53 1,060 265
AC4Cx 10+PE Sq.mm. 150 59 51,000 20,060
AC4Cx35+PE Sqmm. 315 95 15,750 4,750
DC 1C x 6 Sq.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

141



=
unns
asuwanazifaym
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5.1.1 SIMAUNUAIHUA

A13 197 5.1 5191 1UAIUA9UD PV Plant

510A13 SIS IWRINA (11N)
uralransiraduazduesmes 239,021,740.80
STUUNTIAAG 1,180,864.66
seyutfessuiis 493,795.69
STUVUAIA I MALAITU 369,085.00
STUVUDUABUAIAUINGS ' 834,159.80
52UVNEDITIA 2,781,984.25
munibanazys saal i 37,507,171.00
Ay 95,200,000.00
aulasaadie tazdun Taolssana 200,000,000.00
TR 577,388,801.20
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5.1.2 MIfaszzaAunurassuRaa Iiihdmie

LINEAR PERFORMANCE WARRANTY

10 Year Product Warranty - 25 Year Linear Power Warranty

100%
97.5%

90% 1

80%

Guaranteed Power

Years 5 10 15 20 25
, - Trmaj.ihear Warra By i fStandard Step Warranty

A,

517 5.1 ﬂ's'mlﬂiwﬁﬂﬁmwmmmm‘lﬂﬂwamwumﬂuﬂnnm

1ANTNAIFUR 5.1 ensodlszanaudlnlenduduasld
9 % LPR =-0.62y +97.5

Tagi % LPR Ao Anlszanianveshas i v = szezna G

5.1.3 ANhzes Ny TN uRART LTINS MY
alFeaalsenenlidae

- Ahgasnyuazasadoulms lvarsiaduazardiaauay
- Ahgednvuazasedoutssudt uazadeauanu

- M 1aggualse Ivlvh

- aTasedun
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samanua aadlull Yazalszua 1 Swum
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enastiluenansnanulidmiumsldnuienisdnwiving lleygmlihlulgusslevimunism

Lidnsdilagviedu Snvievnuilidaudasiion wasfasedadudvesenalsnnasaniinisunluld



5.1.4 M3AATZYZNIAIAUNY
- hwamstiassnmissnswaanszud Ilihael 9 Tdsunsu Pvsyst inAailuiEu Tastdaaiussua
Aaduanlsaliliudussun Feed In Tariff ogii 5.66 UInAe¥IIe dmiuvatesndt oo Mwp
syoznamanuayy 25 1 819dsa sufloumsude Tuiha Yszmalusiwnaonuunyn 9 u.a. 2558
vinramssiaes luund 4 waanszua llihdetl 18 17,403 MWh /Yr 9218 17,403,000 niinosel
Feaadudszansnmlusasilusnifumuauns % LPR #e97.5% dadhllaiuTsunsuduoe
semnfnfudeniauns % LPR Tuifiouy 100 % ieniniilsalihiu % LpR anasiledidud iy
Husnmdald 17,199,000 v1ive 15U 97.5 % ifieuiy 100 %

Atz Ideunis % LPR Tni fie -0.6359y + 100 92 1d21#1143l0 2 14/ % LPR 921mde 99.3641

2 Y =

H, { T ar a o 1 o3
% 9Ll n MsIzaeHuG N 3 Aawasnuaaily 17,181,981.90 vy iludu
= Y a M o 1 1 = @ 1 o s 9 1 =
m3fase ldgnine mahsma Wluedagilaudusimanhssinu 1 duumluudasdl
F) EY
FUBIUNIHUA 577,388,801.20 11N TABATSHIRUIINTHIAT 580,000,000.00 U Aendodudlssuia
10 % MsfnszuznmmMsauny A Tue1s1eldgninnmsviellih siseRuduuysod)
o ] ' o = oY) a/ d’.’ o O st = ~ ]
AY0GFY TILIMEUNGN 580,000,000.00 110 BasrweniisRuduaazilaei 10 % nawull 1
a =Y I =Y 9
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638,000,000 111 519 1RgnFvIAmsvia I mananinahzesam = 97,346,340 um
3
ms1zaziy 518 I8gnindnuindhszitug luilusn = 638,000,000 - 97,500,980 = 540,499,020 11N
1 H a {a =] a
921471 Tu 19 2 Gud Madlusudununen = 540,499,020 * 10 %  + 540,499,020 W38 540,499,020 *
a 3 4 1 o =y o i o
1.10 = 594,58,922 1 Aauvvil liliFesq aundezdszRuduinsunsiuvaa Tasdavidluduas
=2 EEIN- Qs A 1 9 Y] A o a Y
uerasdaa Uz hdatlumszAunesuIms Baisnngagunu na1wIn NF15EERUNINTUIAISIUNLA
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RUAUNUABNIAEUA AI9190 5.2 znately o wie lull iy luvessieldgnivdenindszitug
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31991 5.2 wamenglannmse ldihueSuduasnas luudasi)

U | wdndid | swldiems | Anhyedamn Sufunuaeniifain 10 ldgnindanna
Haala g lliuaazll | wazailady suIAIsuaazl (Umn) FrszRuduanzilam)
uaazt (MWHYD) | (W) Suqusayil

(1)
0 0.00 0.00 0.00 580,000,000.00 580,000,000.00
1 17403.00 98,500,980.00 1,000,000.00 638,000,000.00 540,499,020.00
2 17292.49 97,875,498.78 1,000,000.00 594,548,922.00 497,673,423.22
3 17181.98 97,250,017.55 1,000,000.00 547,440,765.55 451,190,747.99
4 17071.47 96,624,536.33 1,000,000.00 496,309,822.79 400,685,286.46
5 16960.96 95,999,055.11 1,000,000.00 440,753 815.11 345,754,760.00
6 1685045 | 95,373,573.89 1,000,000.00 380,330,236.00 285,956,662.11
7 16739.95 94,748,092.66 1,000,000.00 314,552,328.32 220,804,235.66
8 16629.44 94,122,611.44 1,000,000.00 242,384,659.23 149,762,047.79
9 16518.93 93,497,130.22 1,000,000.00 164,738,252.57 72,241,122.35
10 16408.42 92,871,648.99 1,000,000.00 79,465,234.59 12,406,414.41
i} 16297.91 92,246,167.77 1,000,000.00 - 103,652,582.18
12 16187.40 91,620,686.55 1,000,000.00 - 194,273,268.72
13 16076.89 90,995,205.32 1,000,000.00 - 284,268,474.05
14 15966.38 90,369,724.10 1,000,000.00 - 373,638,198.15
15 15855.87 89,744,242.88 1,000,000.00 - 462,382,441.03
16 15745.36 89,118,761.66 1,000,000.00 - 550,501,202.68
17 15634.86 88,493,280.43 1,000,000.00 - 637,994,483.11
18 15524.35 87,867,799.21 1,000,000.00 - 724,862,282.32
19 15413.84 87,242,317.99 1,000,000.00 - 811,104,600.31
20 15303.33 86,616,836.76 1,000,000.00 - 896,721,437.07
21 15192.82 85,991,355.54 1,000,000.00 - 981,712,792.61
2 15082.31 85,365,874.32 1,000,000.00 - 1,066,078,666.93
23 14971.80 84,740,393.09 1,000,000.00 - 1,149,819,060.02
24 14861.29 84,114,911.87 1,000,000.00 - 1,232,933,971.89
25 14750.78 83,489,430.65 1,000,000.00 - 1,316,423,402.54
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3)

4)
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UITNYNTN

Bnasideindludsema’lng https://solarsmileknowledge.wordpress.com/solar-cell
NANNITHNIY - http://www.premiumsoia.rcell.com/‘lj‘Flﬂ’Jmicﬁﬁ’llﬁﬁaﬁ’/ﬁ"lﬂuﬂjﬂﬂwa‘l§

o
L¥aa.html
The Effect of Temperature on Photovoltaic Cell Efficiency - V.Jafari Fesharaki, Majid Dehghani,
J.Jafari FesharakiDepartment of Electrical Engineering, Najaf Abad Branch, Islamic Azad
University.
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Datasheet of PV Module Trina 320 Wp
Datasheet of Inverter Sungrow 500 kWac
List of Inverter PEA’s

Datasheet of Lopburi Pv plant of Pvsyt Simulation
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Mono Multi Solutions
O —— ee |

ol

MAX

MODULE

72 CELL

MULTICRYSTALLINE MODULE

310-325W

POWER OUTPUT RANGE'

16.8%

MAXIMUM EFFICIENCY

0~+5W

POSITIVE POWER TOLERANCE

As a leading global manufacturer of
next generationphotovoltaic proguets,
we believe close coopera
our partners is critical to suc
local presence around the
is able to provide exc
to each customerin e
supplement our innc
products with the bac
as a strong., bankable pa
are committed fo building
mutually beneficial collaborati
installers, developers, distributors and
other partners as the backbone of our
shared success in driving Smart Energy
Together.

Trina Solar Limited
www.trinasolar.com

LINEAR PERFORMANCE WARRANTY

o _ 10 Year Product W‘arranty + 25 Year LinéVaVrVinqr Warranty

Trinasolor:

Smart Energy Together

Ideal for large scale installations
* High power footprint reduces installation time and BOS costs
* 1000V UL/100QV IEC certified

One of the industry’s most trusted modules
* Field proven performance
» Strong, reliable supplier

® ©

Highly reliable due to sfringent quality control
» Qver30in-house tests (UY, TC, HF, arid many more)

* In-house testing goes well beyond certification requirements
¢+ 100% EL doubleinspection

o

Certified to withstand challenging environmental

conditions

» 2400 Pawind load

5400 Pa snow load

35 mm hail stones at.27 km/h
PID resistant

Comprehensive products and system certificates

IEC 61215/ IEC 61730/ UL 1703/ IEC 61701/IEC 62716

ISO 2001: Quality Management System

ISO 14001: Environmental Management System

ISO 14064: Greenhouse Gases Emissions Verification

OHSAS 18001: Occupation Health and Safety Management System

cus Q C€

* e ° * e
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THE [AL | MAX MODULE TSM-PD14

Current(A)

Power (W)

DIMENSIONS OF PV MODULE ELECTRICAL DATA (sTC) .
unit:mm/inches Peck Power Watts-Puax (Wp)* 310 315 320 325
ons7 AT Power Output Tolerance-Puax (W) 0~+5
i : Jg Maximum Power Voliage-Vies (V) 37.0 37.1 37.1 37.2
e B Maximum Power Current-luss (A) 8.38 8.51 8.63 | 8.76
Nameplate F1- Open Circuit Voltage-Voc (V) 45.5 45.6 45.8 459
g Short Circuit Current-lsc (A) 8.85 2.00 9.10 9.25
5 Module Efficiency nm (%) 16.0 16.2 16.5 16.8
o il g—- STC: Irradiance 1000 W/m?, Cell Temperature 25°C, Air Mass AMI.5.
g 2 2 *Test tolerance: +3%.
; ee g
8 ELECTRICAL DATA (NOCT)
Maximum Power-Puax (W p) 230 234 238 242
Muiimufn;»PoWerVdﬁcgeLWPﬁ’l:V},- = 34.3 343 34.4 34.5
4043 ¥ i
Grounding Hole L Maximum Power Current-Iupe (AJ 6.72 6.83 .91 7.02
Vi aliog £ Open Clrcun Vollage Ve V] . 2% W 123 425 42.6
d B Short Circuit Current-lsc/(A) ] 7.15 \ 7.27 7.35 7.47
e 180/7. NOCT: Irradiance at 800 W/m?, Ambient Temperature 20°C, Wind Speed 1 m/s.
Back View
MECHANICAL DATA
Siicon Seclant Solar Ce“s

i Mulhcrys‘lo!\me 156 x 156 mmi (6 :nches}
; 72ceszs(a”‘ IS 208 = U
Module Dimensions | 1956 %992 % 40 mm {770 X 39 1 x 1.57 inches)

11/0.43

tomingte Cell Orientation

5 “Weight’ ¢ [ A 22.5kg’ {496Ib) %

é Glrussﬁ 33 2 mm (0 13 mches) H|gh Trqnsm|55|on AR Coated Tempered Glass
Backshesf LU e :
Frame Silver Anodized Aluminium Alloy

35/1.38 J-Box

P67 or IP 68 rated

A Cables Pholovoltaic Technology Cable 4.0mm? (0.006 inches?),
' 1200mm (47.2 inches)
Connector )\ MC4 Compatibleor AmphenalH4/UTX
Fire Type | Type 1l orType 2
1-V. CURVES OF PV MODULE(325W)
10 .
5 Ao/ _ TEMPERATURE RATINGS MAXIMUM RATINGS
1
: FRE :eci:ﬂ;t;?;g?eemg\g”cgﬂ 44°C (+2°¢) Operational Temperature  -40~+85°C
: Maximum System 1000V DC (IEC)
| et e Temperature Coefficient of Puati | - 0.41%/°C Voltage 1000V DC (UL)
4 noowfm? = Temperature Coefficient of Voc [ 0:32%/°C Max Series Fuse Rating 15A
: boowoe L Temperaiure Coefficient of lsc.. o 0.05%/°C
1
; mE .- I
0 10 20
e WARRANTY
P-V CURVES OF PV MODULE(325W) 10 year Product Workmanship Warranty
= 25 year Linear Power Warranty
[Please refer to product warranty for details)
PACKAGING CONFIGURATION :\
Modules per box: 26 pieces 3‘
=z
Modules per 40' confainer: 572 pieces ;'\
— vy
o SR ST

Voltage(V)

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

[ )
TrlnaSO|Gr @ 2016 Trina Solar Limited  Allrightsréserved. Specifications includedin iHis dafasheet are subject o change without notice.

Smart Energy Together



SUNGROW

WWww.sungrowpower.com

SG500MX/SG630MX

o
y

Cost Effective
- Maximum efficiency'up 10.99% . ¢
* Small dimension less than 1
* Integrated SVG function

Easy Maintenance Reliable

- No derating up to 55°C
- Temperature controlled forced-air cooling

- Modular design easy for maintenance
- Integrated current monitoring easy for fast trouble
shooting

¥

@ @ 2016 Sungrow Power Supply Co., Ltd.All rights reserved.
Subject to change without Notice.Version#1.0
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SUNGROW

www.sungrowpower.com

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

Nominal grid voltage

Grid voltage range

Nominal grid frequency

Grid frequency range

Power factor at nominal power
DC current injection

Power factor range

Efficiency

Max. efficiency
Euro. efficiency

Protection

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

AC overvoltage protection
Grid monitoring

Ground fault monitoring
Over-temperature protection

General Data

Dimensions (W*H*D)

Weight

Cperating 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
Soft start, stop

Automatic switch between internal and
external power supply

500MX/< = 630MX

SG500MX

1000V
500V
460V
1220A
460~850V

500kW

550kVA

1008A

<3% (nominal power)
315V

252~362V

50/60Hz
45-~55Hz/65~65Hz
>0.99

<0.5% nominal output current
0.8 lagging ~ 0.8 leading

99.00%
98.70%

1005*1915*835-mm

800kg

-30-65°C (>55°C derating)

3-380V/2.5A

Temperature controlied forced-air cooling
P21

0~95%, no condensing

R8485/Modbus, Ethernet

Yes
Yes
Yes
Yes
Yes
Yes

SG630MX

540V

1356A
520~850V

630kW
B693kVA
1111A

360V
288~414V
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No. | Fofjudn dofu (Model) Rated AC Voltage | *snunsaldamuldlussuunan
Power Rated NPT S e Enfnsisau
1. | Schneider | 1.1 | XC 680 680 kw 3Ph, 380 V NNUUIR
1.2 | XC 630 630 kw 3Ph, 350V | wnaun
1.3 | XC 540 540 kw 3Ph, 300V | ynyum
1.4 | Conext TL 20000 E 20 kvA | 3Ph, 2307400 V | Liliu 500 kw
1.5 | Conext TL 15000 E . 15kVA | 3Ph, 230/400 V | itfiu 500 kw
1.6 | Conext RL 3000 E, Conext RL 3000 E-S | 3 kVA 1Ph, 230V | hitfiu 500 kw
1.7 | Conext RL 4000 E, Conext RL 4000 E-S 4 kVA 1Ph, 230 V | laitfiu 500 kw
1.8 | Conext RL 5000 E, Conext RL 5000 E-S 5 kVA 1Ph, 230 v | laitfiu 500 kw
1.9 | Conext TL 8000 E 8 kVA 3Ph, 2307400 V | laitAu 500 kw
1.10 | Conext TL 10000 £ 10kVA | 3Ph, 2307400 v | ity 500 kW
2. | ABB 2.1 | PVS800-57-1000KW-C 1,000 kW | 3Ph, 400V | wawum
2.2 | PVS800-57-0630KW-B 630 kw 3Ph, 350 V INIUIR
23 | PVS800-57-0500KW-A 500 kw 3Ph, 300V | nnuum
2.4 | PVS800-57-0250W-A 250 kW 3Ph, 300 V NATWIA
25 | PVS300-TL-3300W-2 3.3 kW 1Ph, 230 v | Lailfiu 500 kw
2.6 | PVYS300-TL-4000W-2 4.0 kw 1Ph, 230V | Lifiu 500 kw
27 | PVS300-TL-1600W-2 4.6 kW 1Ph, 230 V| ilfiu 500 kw
28 | PVS300-TL-6000W-2 6.0 kW 1Ph, 230V | hilfiu 500 kw
2.9 | PVS300-TL-8000W-2 8.0 kw 1Ph, 230V | i 500 kw
2.10 | PVIF0.0-TL 10.0 kW 3Ph, 400 V il 500 kw
2.11 | TRIO-27.6-TL 27.6 KW 3ph, 400V | LliAu 500 kw
2.12 | TRIO-20.0-TL . 20,0 kw 3Ph, 400 V | Witfiu 500 kw
2.13 | PVI-5000-TL 5.0 kw 1Ph, 230V | hildu 500 kw
2.14 | PV-3.6TL 3.6 kw 1Ph, 230 v | hilfiu 500 kw
3. | GROWATT | 3.1 | GROWATT 3600MTL-10 36 KW . 1Ph, 230V | Liiifiu 500 kw
32 | GROWATT 4200MTL-10 4.2 kw 1Ph, 230 V| Lifiu 500 kw
33 °| GROWATT 5000MTL-10 4.6 KW 1Ph, 230 v | Wil 500 kw
34 | GROWATT 10000 UE 10 kW 3Ph, 230/400V | wnuune
35 | GROWATT 12000 UE 12 kW 3Ph, 230/400 V | vintua
3.6 | GROWATT 18000 UE 18 kKW 3Ph, 230/400 V | nnaunn
3.7 | GROWATT 20000 UE 20 kW 3Ph, 230/400 V | wnwun
38 | GROWATT CP 500 TL 500 kw 3ph, 270V | ynwum
4. | Leonics | 4.1 | Apollo G-4500 TL(P) 5.0 kW 1Ph, 220V | iy 500 kw
4.2 | Apollo G-4300 TL(P) 3.0 kw 1Ph, 220V | Lifiu 500 kw
4.3 | Apollo GTP-512 HETL{P) 250 kw 3Ph, 300 V NAYUIR
44 | Apollo GTP-507 HETL(P) 125 kw 3Ph, 300V | wnwuia
45 | Apollo GTP-4015 TL(P) 15 kW 3Ph, 2207380 V | lsifiu 500 kw
4.6 | Apollo GTP-4010 TL(P) 10 KW 3Ph, 2207380 V | laiifiu 500 kw
Frecon 51 | FO10i-4PV 10 kW 3Ph, 2307400 V | Lifiu 500 kw
SMA 6.1 | SB3600TL-21 3,68 kW 1P, 180-280 V | luiifiu 500 kw
6.2 | STP 20000TLEE-10 20 kw 3Ph, 230/400 V | ninvun
6.3 | STP 17000TL-10 17 kw 3Ph, 230/400 V| vinvu1A
6.4 | SB5000TL-21 4.6 kW 1Ph, 180-280 v | lsiiAu 500 kw
6.5 | SB 3000TLST-2t 3.0 kw 1Ph, 180-280 V | lahiAu 500 kw
6.6 | STP 9000TL-20 9.0 kW | 3Ph, 2307400 V | Waiifiu 500 kw
6.7, |/ SB 2500TLST-21 25 kw 1Ph, 180-280 v, (| lahBu 500 kW
68 | 5C630CPXT 630 kVA 3Ph, 315V | .mnawia

[
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No. Fodjuan Tou (ModeD) Rated AC Voltage *snursnldenlilussuundn
Power Rated TS wdnianssiu
6. | SMA 6.9 | SC850CPXT 850 KVA |  3Ph,386V VNUUIA
-6.10_|_ SC900.CPXT .-900.kVA 3Ph, 405.V. YNYUIA
6.11 | SMC 10000TLRP-10 10 kw 1Ph, 230V | 1aifiu 500 kw
7. | Ablerex 7.1 | ES 3300P 3.0 kw 1Ph, 220 V Laifiu 500 kw
7.2 | ES 4200P 4.0 kw 1Ph, 220 V Taitfiu 500 kw
73 | ES 5000P 5.0 kw 1Ph, 220 V lafifiu 500 kw
8. [ CEHE 81 | EHE-NIKSTL-TP 1.5 kW 1Ph, 220 V laiifiu 500 kw
82 | ERE-N2KTL-TP 2.0 kW 1Ph, 220 V Tahifiu 500 kw
83 | EHE-N3KTL-TP 3.0 kw 1Ph, 220 V sfifiu 500 kw
84 | EHE-NAKTL-TP 4.0 kW 1Ph, 220 v | lsiifiu 500 kw
85 | EHE-NAK6TL-TP 4.6 KW 1Ph, 220 V sitiu 500 kw
9. | Fronius 9.1 | IG Plus 150V-3 12 kw 3Ph, 230/400 V. | ‘laitfiu 500 kw
10. | EMERSCN 10.1 | SSLO250B 250 kW 3Ph, 400 V Laitfiu 500 kw
10.2 | SSL0500B 500 kw 3Ph, 400V | iy 500 kw
. 10.3 | SPV 2700a 1870 kW 3Ph,'d400 V NNIUIR
11. | DASS TECH 11.1 | DSP33250K 250 kw 3Ph, 380 V NNUUIA
11.2 | DSP3330K 30 kW 3Ph, 380 V NATUIA
11.3 | DSP33100K 100 kW 3Ph, 380 V VINUUA
11.4- | DSP3320K 20 kw 3Ph, 380 V NNTUIR
11.5 | DSP3310K 10 kw 3Ph, 380V VAR
11.6 | DSP123K2 30 kw 1Ph, 230 V VNI
12. | JFY 12.1 | Suntree-10000TL 10 kW 3Ph, 400V | Taiifin 500 kw
122 | Suntree-20000TL 20 kW 3Ph, 400 V Talifiu 500 kw
123 | SUNSEED 3000TL 30 kw 1Ph, 185-265 V | lsifiu 500 kw
124 | SUNSEED 2000TL 4.0 kW 1Ph, 185-265V | laitfiu 500 kw
125 | SUNSEED 5000TL 5.0 kW 1Ph, 185-265V | itfiu 500 kw
13. | HUAWEI 13.1 | SUN2000-20KTL 20 kw 3Ph, 400 V VNUUIR
13.2 | SUN2000-12KTL 12 kW 3Ph, 400 V NNVUIR
133 | SUN20Q0-28KTL 27.5 kW | 3Ph, 277/480 V. | vinvun
14. | Omnik New nergy | 14.1 | Omniksol-5.0k-TL2 4.6 kw 1Ph, 230 V lavu 500 kw
14.2 | Omniksol-20k-TL 19.20 KW | 3Ph,230/400 V | vinwun
15. | Zerversolar 15.1 | Eversol-TLC15K 15 KW 3Ph, 230/400 V | ‘lsitfiu 500 kw
15.2 | Eversol-TLC20K 20 kW 3Ph, 2307400 V | laiifiu 500 kw
16. | CHINT POWER 16.1 | CPS SCA500KTL-H 500 kW | 3Ph, 270/315V | winwusn
17. | DELTA 17.1 | RPI-M20A 20 kVA 3Ph, 230/400V | vnaun
18. | TRANNERGY 18.1 | PVI 3000TL 28 kw 1Ph, 230 V {aitfiu 500 kw
182 | PVI 5400TL a.6 kW " 1Ph; 230V Tadifiu 500 kw
183 | TRI17 KTL 17 kW | -3Ph, 2307400 v | laitAu 500 kw
19. | GuanYa 19.1 | GSG-100KTT-TV 100 kW 3Ph, 400 V Tiviu 500 kw
20.~1 Hitachi 20.1 | HIVERTER-NP201i 500 kW 3Ph, 460 V "laitfin 500 kw
21. | SATCON 21.1 | PVS-0625-EH320%F 625 kKW 3Ph, 320 V NNIUIR
21.2 | AE-500-50-PV-X-HY 500 kW 3Ph, 265 V VAR
21.3 | PVS-0250KW-CE-265V-HV 250 kW 3Ph, 265 V VYU

(2]
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Hodjudn

No. fo{u (Model) | Rated Power | AC Voltage Rated *mmin'{':'l'ﬂulé'iu‘szbluuﬁﬂlﬂﬁ11'71153
= . AMAINAaNRARNITU
21, | SATCON 214 | AE-100-50-PV-X-HV 100 kw 3Ph, 400 V YATUIA
215 | PV5-250-265-EU2 250 kW 3Ph, 265 V VNYUIR
21.6 | AE-100-50-PV-G-HV 100 kw 3Ph, 400 V VIR
22. | Thai Tabuchi Electric | 221 | EPC-A-S55MPT 5.5 kW 1Ph, 2207230V | Laitfiu 500 kw
22.2 | EPC-A-S35MPT 3.5 kW tPh, 2207230V | laiifiu 500 kw
23. | RENESOLA 23.1 | Replus 2000 TLA 2.0 kW 1Ph, 220 V Tailfin 500 kw
23.2 | Replus 3000 TLA 3.0 kw 1Ph, 220 V Taiifiu 500 kW
233 | Replus 5000 MTLA 5.0 kw 1Ph, 220 V Taifiu 500 kW
24, | WOLONG 241 | WL-4.6KS-TPS 4.0 kW 1Ph, 220 V LA 500 kw
25. | SUNGROW 25.1 | SG500MX 500 kW 3Ph, 315V NN
26. | T™M good we 26.1 | GW-20K-DT 20 KW 3Ph, 400 V Taifiu 500 kw
27. | PrimeVOLT 27.1 | PV-10000T-U 10 kW 3Ph, 400 V Laitfiu 500 kw

v - s o ) - a v
* dmivdunefine fseyliaunsaldmildluszuundaliianimamania

AnAaARfnfaTINAuAT1 500 kW ¢

(31

sasanlaitfin 500 kW asldannsatilufnaslussuundninghis “I d{z
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PVSYST Vv6.47

22/11/16

Project :
Geographical Site

Grid-Connected System: Simulation parameters

Grid-Connected Project at Chon Mouang

Chon Mouang

Country Thailand

System loss factors

External transformer

User's needs :

AC wire loss inverter to transfo

Inverter voltage

Wires: 3x15000.0 mm?
Iron loss (24H connexion)
Resistive/Inductive losses

Unlimited load (grid)

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 Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Mutual shadings of sheds
PV Array Characteristics
PV module Si-poly Model TSM-320PD14
Original PVsyst database Manufacturer  Trina Solar
Number of PV modules In series 18 modules In parallel 2080 strings
Total number of PV modules Nb. modules 37440 Unit Nom. Power 320 Wp
Array global power Nominal (STC) 11981 kWp At operating cond. 10756 kWp (50°C)
Array operating characteristics (50°C) Umpp 599V I mpp 17970 A
Total area Module area 72647 m? Cellarea 65613 m?
Inverter Model SG500MX
Original PVsyst database Manufacturer Sungrow

Characteristics Operating Voltage 460-850 V Unit Nom. Power 500 kWac
Inverter pack Nb. of inverters 20 units Total Power 10000 kWac
PV Array loss factors
Array Soiling Losses Loss Fraction 2.0 %
Thermal Loss factor Uc (const) 20.0 W/im2K Uv (wind) 0.0 W/m?K/ m/s
Wiring Ohmic Loss Global array res.  0.56 mOhm Loss Fraction 1.5 % at STC
Module Quality Loss Loss Fraction 1.5 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Incidence effect, ASHRAE parametrization IAM= 1-bo(1/cosi-1) bo Param. 0.05

315 Vac tri

101 m Loss Fraction 1.5 % at STC
11837 W Loss Fraction 0.1 % at STC
0.0 mOhm Loss Fraction 0.5 % at STC

PVsyst Licensed to TTCL Public Company Limited (Thailand)

Page 1/3




PVSYST V6.47 22/11/16 | Page 2/3
Grid-Connected System: Main results

Project : Grid-Connected Project at Chon Mouang

Simulation variant:  Sungrow+Trina

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 MWh/year Specific prod. 1453 kWh/kWp/year

Performance Ratio PR 77.87 %

6 T

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

T T

Ls : Systqg s (inverter, ...)
Yf: Prod g g

Normalized Energy [KWkWp/day]

T T
L : Collection Loss (PV-array losses)

g@erier outpi

T T T T T 0.8

Performance Ratio PR

1.02 KWh/kWp/day
0.11 KWh/KWp/day
28 kKWh/kWp/day

0.7

0.6}

0.5

0.4

Performance Ratio PR

0.3

0.2

0.1

0.0

Sungrow+Trina
Balances and main resulis

"REaReformance Ratio (v;

T3 T T T T T

Apr

May Aug Sep Oct MNov Dec

GlobHor T Amb Globinc GlobEff EArray E_Grid EffArrR EffSysR
kWh/m? © 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: GlebHor Horizontal globalirradiation EArray, Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Energy injected into grid
Globling Global incident in coll, plane EffArR 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)




User's needs

Unlimited load (grid)

PVSYST V6.47 22/11/16 | Page 3/3
Grid-Connected System: Loss diagram

Project : Grid-Connected Project at Chon Mouang

Simulation variant:  Sungrow+Trina

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 fotal 10000 kW ac

Loss diagram over the whole year

1811 kWh/m
_““‘“ﬂ-»—f"‘/H +3.0%
{
k&) -0.8%
M 3.1%

-2.0%
L 1757 KWh/m? * 72647 m? coll.

efficiency at STC = 16.50%
L X 0,
l k 0.2%

-11.9%

l 21069 MWh
|
|

=

-1.5%
}; -1.0%
5 -1.0%
17894 MWh ‘

N 1.2%
*K ) 0.0%
9 0.0%
\ 0.0%
™0.0%

17681 MWh

—__ 17403MWh

Horizontal global irradiation
Global incident in coll. plane

Near Shadings: irradiance loss
|AM 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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