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Design of 1 MW Solar Photovoltaic Power Plant

ACADEMIC YEAR 2013
By Adyvisor
Mr Jettarin -~ Ardpru Dr. Komkrit Prasertwong
Mr Nattapon Majaroen
ABSTRACT

In this thesis, design and selecting the equipment that will suit with Thailand geography.
The project uses solar cells Amorphus Silicon , Mono Crystalline Silicon and Poly Crystalline
Silicon for the experiment by simulating with Pvsyst 5.73. The results of the experiment showed
that Poly Crystalline Silicon is suitable with the engineer technical term and it could generate
power energy correctly according to the principles of engineering design. From the economic
analysis by calculating from net present value, benefit-cost ratio, internal rate of return and
payback period, found that the solar power plant size 1 MW used 80 millions of capital, had 14

millions of the average revenue and the payback period is about 5 year 7 months.

Key word : Solar Photovoltaic Power Plant / Solar Cell / Grid - connected
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1T @ 4 a Jd A { { a g’/
NNV 15.8 A3 1NUNT 5@\1@1\1%11#@ UAUGAQUTAIDINAYTUA Si-poly Gl%}ﬁuﬁﬂlumiﬂﬂm 10.8
7 A odqul da ¥y A oA L qud 4 a 2
AT NLUAT Ll,azummaaum’m‘vmmfl%wummmuaﬂ‘mjﬂﬂ@ Si-mono Glfﬂ"lfwuﬂumimm

9 (Y] (% {
1nARgInUAD 10.4 A1T1UUAT AIA1TI9N 4.3
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FiiavepAsadLaIIind eyl naRads  Module PV
(kW) Efficiency Modules
(%) Area (m?)
LHaaALaINAd YA a-si 1 6.35 15.8
Amorphus Silicon
LHYAALAI9NASYHA Mono Si-mono 1 11.60 10.4
Crystalline Silicon
LHAALAIeNAS YA Poly Si-poly 1 11.20 10.8

Crystalline Silicon
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4.3 AnmanumrmnzanmanImnssuazmalulagnan lvih
4 s a 2%
TumsAayuitoFouieumna Tuladisaduasoringiiu 92191150050 PVsyst Tu
. . [ 9| d' o a J 1 a a Y LY 1 d'
A13Simulation WasW IWihAszuuaduasoiadunazsiiananla vazamdusaes

V Ak o 7 a 2 ~ Hq v d o
VIFDIAnemnsEULsaaasonaduaazina lulag Tasldsunsy Pvsyst nlmiuiesyu

5.73

Files Preferences Language Licence Help

-Project design | [ System

Full-featured study and analysis of a project. [

" Preliminary design = Acclrale system yield computed using detaied | @ Grid-Connected
hourly simulations, |
- Different simulation variants can be performed and

! ’ compared, | (" Stand alone

« Project design - Horizon shadings, and 3D tool for near shadings I

effects study,

- Detailed losses analysis, | " Pumping

- Economic evaluation performed with real |

“ Tools component prices. " DC Grid

317 4.5 T1l5un3u PVsyst Version 5.73
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. . 3 a 9 = J a Jd a
915 Simulation AnenmMmseaa IWihveunalulatiwaduaseriadunasviia
v v v
Tael¥T1sunsu PVsyst lamnualiszuulivinafaastszana 100 kW aoszuy Fedauash
v A2 o a 7 A o o ! 7
Ue¥dednemmvesszuuraa Iihmeawadiaseriadlssneumendsnu IWihdszvuwad
a d A 9 A ~ . . .
HEIeINAgNan lase@uLaz 3181 (Final Yield, YI) U350 ULUDI52 VY (Performance Ratio,
Aa A 4 a 4 { {a g’/ 4
PR) U5z@NTNINUOITTUVBAGUAI019Ad (System Efficiency, T|sys) Wunaaavwad
a 7 I Yy = = 4 a Jd Aa d = 1 Y ~
HANeINAY (PV Area) 1luau duna Iulagadudioinaduaazsiianizigaaunas yanosi

HANAIIAY
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a @ J a o a
43.1 Nﬁfni1J33!.lJuﬁﬂfJﬂ'I‘WinJLafJL!EUfNLLWQ!“B@@LLE’(\?@WVW]‘EJG]SH@ Amorphous Silicon

a [ A a Y Y 4 a d A .
WaﬂTiﬂﬁ%!NUﬁﬂﬂﬂWWT]me'E]LlsllfNﬁg‘U‘UWaﬂulwi"hﬂ'JfJL“]fﬁﬁLlﬁ\‘]@"l“VlﬂﬂslfuﬂAmorphus Silicon

(a-Si) Taol911sun51 PVsyst 5.73 wah 14910013 Simulation taalugdf 4.6 nazais1ei 4.4

Simulation parameters

Collector Plane Orientation Tilt
Horizon Free Horizon
Near Shadings No Shadings
PV Array Characteristics
PV module a-Si:H single Model
Manufacturer
Number of PV modules In series
Total number of PV modules Nb. modules
Array global power Nominal (STC)
Array operating characteristics (500C) U mpp
Total area Module area
Inverter Model
Manufacturer
Characteristics Operating Voltage

15 deg Azimuth
NH-100AT_4A

NexPower

17 modules In parallel
1003 Unit Nom. Power
100 kWp At operating cond.
595 V | mpp
1580 m2 Cell area
PVS800-57-0100kW-A

ABB

450-825 V Unit Nom. Power

0 deg

59 strings

100 Wp

96.6 kWp (450C)
162 A

1443 m2

100 kW AC

Main simulation results
System Production Produced Energy

Performance Ratio PR

164.0 MWh/year Specific prod.

84.7 %

1635 kWh/kWp/year

Normalized productions (per installed kWp): Nominal power 100 kWp

T T T T T
Le - Collection Loss (PV-array losses)
Ls: System Loss (nverter, ..}

YT: Produced useful energy (inverter output)

7

T T T
0.67 KWhikWpiday
0.14 KWh/kWpiday

sk 4.48 KWhikWp/day

Nommalized Energy [WVhkcVpiday]
@ IS @

[

Jan  Feb  Mar  Apr  May Jun

Performance Ratio PR

1.0
[ I PR - Ferformance Ratio (717 vr): D847 |

Retio PR

Performance

Jan  Feb  Mar  Apr  May Jun

! a [ a J a J a
E‘llﬁ 4.6 Wﬁﬂ'l'ﬁﬂigl,lluﬁﬂElﬂ'lW"llfN‘ig‘lJ'UN'ﬁﬂﬁﬁﬂllNQl%ﬁﬁL!ﬁﬂ@Wﬂ@]U%uﬂ Amorphous Silicon

YUIA 100 kW
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d’ a a I Y 14 a d Aa
M13190 4.4 Wﬂﬂﬁﬂi%muﬁlﬁiﬂu%"ﬂ@ﬂS%U‘]JNaﬁllT\IW'lﬂ’JEJLGImEILLﬁQE]W]G]EJ%L!@Amorphous

Silicon Y119 100 kW

Month GolbHor T Amb Globlnc GlobEff EArray E Grid EffArrR EffSysR
kWh/m’ C kWh/m’  kWh/m’ MWh  MWh % %
January 157.4 24.90 180.9 175.6 15.74 15.28 5.51 5.35
February 148.6 28.90 164.0 159.6 14.32 13.91 5.53 5.37
March 177.4 29.20 183.5 178.4 16.06 15.60 5.54 5.38
April 173.5 30.10 170.3 165.1 14.94 14.51 5.55 5.39
May 169.5 29.50 159.2 153.6 13.97 13.56 5.55 5.39
June 156.6 29.10 144.9 139.7 12.72 12.33 5.55 5.39
July 154.2 28.50 144.4 139.4 12.67 12.28 5.55 5.38
August 148.5 28.20 1433 138.4 12.61 12.22 5.57 5.40
September 140.0 27.70 140.4 136.0 12.35 11.97 5.57 5.40
October 145.2 27.60 154.4 149.7 13.58 13.17 5.57 5.40
November 144.7 26.40 165.1 160.4 14.40 13.97 5.52 5.36
December 1512 24.40 179.9 174.7 15.66 15.21 5.51 5.35

Year 1864.1 27.86 1930.2 1870.6 169.01 164.02 5.54 5.38




73

a @ J a a
43.2 Wﬁﬂ13ﬂ33!11uﬁﬂfJﬂTIN'iTEJLﬁ@uGU@QLLW\‘]L“BQ@L!ﬁQ’O'WW]J"ﬁUﬂ Mono Crystalline
. a [ A a Y Y 4 a d A
Silicon WaﬂTiﬂ3$L3J1!ﬁﬂfJﬂTINﬁ1EJ!,ﬂfJLlGll’E]\13ZTJ‘iJNﬁﬂllV‘lV‘hﬂ'JfJL"lfaallﬁﬁﬂ'Wlﬁﬂ“lﬂ!ﬂ Mono

Crystalline Silicon (Si-mono) Tael41151tn54 PVsyst 5.73 #af 1a21An13 Simulation HAAIAS

519 4.7 uaza15199 4.5

U

Simulation parameters
Collector Plane Orientation
Horizon

Near Shadings

PV Array Characteristics
PV module

Number of PV modules
Total number of PV modules
Array global power

Total area

Inverter

Characteristics

Array operating characteristics (500C)

Tilt
Free Horizon
No Shadings

Si-mono Model
Manufacturer
In series

Nb. modules
Nominal (STC)
U mpp
Module area

Model
Manufacturer
Operating Voltage

15 deg Azimuth
BLD100-18M

BLD

40 modules In parallel
1000 Unit Nom. Power
100 kWp At operating cond.
610V I mpp
986 m2

PVS800-57-0100kW-A

ABB

450-825 vV Unit Nom. Power

0 deg

25 strings

100 Wp

91.2 kWp (450C)
150 A

100 kW AC

Main simulation results
System Production

Produced Energy
Performance Ratio PR

148.9 MWh/year Specific prod.
77.2%

1489 KWh/KWp/year

Normalized productions (per installed kWp): Nominal power 100 kWp

7,

T T T T T
Lc - Collection Loss (PV-array losses)
Ls: SystemLoss (inverter, ..)

ok Y1 : Produced useful energy (inverter output)

Normalized Energy [KWhilcWplday]
- o

8]

Jan  Feb  Mar  Apr  May  Jun

T T T
1.08 KWhikWpiday
0.13 KWhikWplday
4.08 kWh/kWpiday

Performance Ratio PR

Ratio PR

Performance

War  Apr  May

! a [ a J a J a
E‘llﬁ 4.7 Wﬁﬂ'l'ﬁﬂigl,lluﬁﬂﬂﬂ']“l/‘l"llf]\ﬁ$ﬂﬂWﬁ@]ﬁ'ﬁﬂlmﬁl%ﬁﬁl!ﬁﬂ@'lﬂ@]ﬂ%uﬂ Mono Crystalline

Silicon ¥U1A 100 kW
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d’ a a Y v 4 a d Aa
M1319N 4.5 wamﬁﬂizmuamsauzmmsszNa@"lwwmaﬂwaaummmmm@ Mono

Crystalline Silicon U11% 100 kW

Month GolbHor T Amb Globlnc GlobEff EArray E_Grid EffArrR EffSysR
kWh/m” C kWh/m*  kWh/m’  MWh  MWh % %
January 154.7 24.90 180.9 175.6 14.61 14.17 8.19 7.94
February 148.6 28.90 164.0 159.6 13.02 12.46 8.05 7.82
March 177.4 29.20 1835 178.4 14.44 14.02 7.98 7.75
April 173.5 30.10 170.3 165.1 13.43 13.03 8.00 7.76
May 169.5 29.50 159.2 153.6 12.57 12.19 8.01 7.77
June 156.6 29.10 144.9 139.7 11.46 11.09 8.02 7.76
July 1542 28.50 1444 1394 11.42 11.05 8.02 7.75
August 148.5 28.20 1433 138.4 11.33 10.96 8.02 7.76
September 140.0 27.70 140.4 136.0 11.14 10.78 8.05 7.79
October 1452 27.60 154.4 149.7 12.38 11.99 8.13 7.88
November 144.7 26.40 165.1 160.4 13.23 12.82 8.12 7.87
December 151.2 24.40 179.9 174.7 14.61 14.17 8.24 7.99

Year 1864.1 27.86 1930.2 1870.6 153.63 148.92 8.07 7.89
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a o o a d A
433 mamsyszdiudnennsio@euvosnasaauaie1nngsia Poly Crystalline
. a [ A a 9 9 4 a d A
Silicon WamsUszudnemnie@euvesszuunan lihdrasaduaioingsia Poly
Crystalline Silicon (Si-poly) Iael¥1dsunsy Pvsyst 5.73 umenldvuia wahlaeinms

Simulation HaAIAIFUN 4.8 1ATAIT19N 4.6

Simulation parameters

Collector Plane Orientation Tilt 15 deg Azimuth 0 deg
Horizon Free Horizon
Near Shadings No Shadings

PV Array Characteristics

PV module Si-poly Model GW-100A
Manufacturer Greenway
Number of PV modules In series 40 modules In parallel 25 strings
Total number of PV modules Nb. modules 1000 Unit Nom. Power 100 Wp
Array global power Nominal (STC) 100 kWp At operating cond. 94.1 kWp (450C)
Array operating characteristics (500C) Umpp 649V Impp 145A
Total area Module area 941 m2
Inverter Model PVS800-57-0100kW-A
Manufacturer ABB
Characteristics Operating Voltage 450-825 V Unit Nom. Power 100 kW AC

Main simulation results
System Production Produced Energy 151.1 MWh/year Specific prod. 1511 kWh/kWp/year
Performance Ratio PR 78.3 %

Normalized productions (per installed kWp): Nominal power 100 kWp Performance Ratio PR

7| 10

T T T T T T T T T v T — T
Le : Collection Loss (PV-array losses) 1.01 KWhKWp/day [T Performancd Rafi (V11 v7) - 0.763
Ls - SystemLoss (inverter, ..) 0.13 KWkipiday

s - Produced useful energy (iverter output)  4.14 KWh/kWpl/day

Retio PR

w

Nomalized Energy (WVhicVipidany]
IS o
Performance

[N

Jan  Feb  Mar  Apr  May  Jun Jan  Feb  Mar  Apr  May Jun

! a [ a s a Jd a
E‘llﬁ 4.8 Wﬁﬂ'l'ﬁﬂi%tﬂJuﬁﬂElﬂ']W"llE]QiZ‘U‘UNaﬁﬁﬂﬂllﬂ\i!“ﬂﬁﬁllﬁﬂﬂ'}ﬂﬁﬂ%uﬂ Poly Crystalline

Silicon Y119 100 kW
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d’ a a Y v 4 a d Aa
M13191 4.6 wamﬁﬂizmuamsauzmmsszNa@"lwwmaﬂwaaummmmm@ Poly

Crystalline Silicon U11% 100 kW

Month GolbHor T Amb Globlnc GlobEff EArray E_Grid EffArrR EffSysR
kWh/m” C kWh/m*  kWh/m’  MWh  MWh % %
January 154.7 24.90 180.9 175.6 14.87 14.41 8.74 8.47
February 148.6 28.90 164.0 159.6 13.26 12.86 8.59 8.34
March 1774 29.20 183.5 178.4 14.74 14.29 8.54 8.28
April 173.5 30.10 170.3 165.1 13.64 13.23 8.52 8.26
May 169.5 29.50 159.2 153.6 12.73 12.33 8.50 8.23
June 156.6 29.10 144.9 139.7 11.59 11.21 8.50 8.22
July 154.2 28.50 1444 139.4 11.56 11.17 8.51 8.22
August 148.5 28.20 1433 138.4 11.48 11.10 8.52 8.23
September 140.0 27.70 140.4 136.0 11.31 10.93 8.56 8.28
October 1452 27.60 154.4 149.7 12.54 12.14 8.64 8.36
November 144.7 26.40 165.1 160.4 13.47 13.04 8.67 8.40
December 151.2 24.40 179.9 174.7 14.87 14.41 8.79 8.52

Year 1864.1 27.86 1930.2 1870.6 156.06 151.14 8.59 8.32
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A o =} [ 9, A 4 a J a 9 '
LﬂJ@VI1fﬂil‘]_r%EJ‘]JWIEJ‘]JWﬁ\‘N"quh"h/\l11’]§$Uﬂlcﬁﬁﬁllﬁ\‘]@1ﬂﬁﬂlmﬁ$‘]§ ﬂWﬁ@IVlﬂ WUN

ee )

a

= 4 a d a a ul 9, ltlg} 1 o @ A 1 @
mﬂTuTammaauﬁmmﬂmmawuﬂmmmwam Wil AFINDNIAINITAAAINNUUIAUNINUY

h3]

s A oA a J a d a

Tao nnaluladraduaseriadnansondan Wi ldgege  Aowadudserinduiia
J a Jd a P

Amorphous Silicon 599090170 LFadLaI0INAgTHA Poly Crystalline Silicon, iaglsan

a J a o !
HEIDINAYYUA Mono Crystalline Silicon L!,ﬁﬂ\‘lmgﬂ‘ﬁ 4.9

1,650 1,635
1,600

1,550

1,511
1,489

1,500

kWh/kWp/year

1,450

1,400
a-Si Si-mono Si-poly

Module Type

51U 4.9 Swnumskda lifhvewmuaazasia
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1 [ 9 A 4 a S A 9y o A o o ] [

uE]ﬂﬂ']ﬂﬂWWﬁ\i\‘ﬂulli"IV\hﬂﬁZ‘U‘Ulcﬁﬁﬁ!Lﬁ\iﬂWﬂ@]ﬂNﬁ@]I{lﬂ muﬂswummmﬂmuwuﬂu

A ANIITOULVDITZTUY (PR) 1azsz@NTNINUBITZUY (T)sys) FIANTIOULUVBITLUVIL N

= = o A ¢a o 9 ¢

UDNDN ﬂ’J']llﬁ'TllTiﬂﬁluﬂ'li!,‘]JﬁEJuWﬁQQ']ullﬁ\if)ﬂ/lﬁﬂlﬂuWZ’I\‘N']u'l‘V‘I‘V‘hGU?ZNig‘U‘UL“Bﬁﬁ
A o J a d a 1 o o

LLﬁ\iﬂTﬂﬁElé]?\i ﬁiliiﬂu%ﬂlﬂﬂﬁ%ﬂﬂl“ﬁﬁﬁ!LfNE]TVW]ﬂllﬁﬁg‘ﬁu@ﬁﬁiliiﬂu%!!,ﬁﬂﬁ%‘]ﬂu AT AN

Tuzi 4.10

86 84.7
84

82
80

% PR

78.3

78
76
74

72
a-Si Si-mono Si-poly

Module Type

31U 410 AMANITOULVOITZVY (PR) YOILHIBIAAI)
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{ 1 4 a J a 1
%'lﬂg‘ﬂﬁ 4.10 NUNTSUDLIAUFIDINAYTUA  a-Si ﬁﬁmmummiwuqﬁmw
a A [ Y o w 1 A 4 a d A . R A
malulag DU ININY 84.7% DIAVADNIAD IS UULEAUAIDINAYYUA Si-poly FINTNTIOUL
o w 1 J a Jd A . Vv :
YOITEUY 78.3% mﬂ‘ummﬁeﬁwmmaaummwwuﬂ Si-mono (NNY 77.2% “?Qu?)ﬂfmﬂ
@ o J a A J a d y la & J
ANUFUNUTVIUTLANTNINLALTUTTOUL TV LT AALAIDINAY ﬁu‘ﬁﬂﬂﬂﬁﬁﬂuutm%“}fﬁﬁ
a Jou I (J a2 o &£ X a a = s a J %
weeadguluandsonaivie Fdszansmmvouna 1u ladwsaauasonadoziuilsunnu

4 1 A

dy Aa 3‘/ d a d A Jaa a A 9
UAUNAAITEUUFAQLULTIDINAYNAIIND 53UUL“B&QLLQ’Q@W%@BVINTJ?%E‘T‘W‘Eﬂ1‘W’szﬁ]$1"]f

e

v
a

=1 a g’; 4 a J Y 1 =1 Y 1Y 9 4 a d’d‘d a
unlumsaaausaauaeNagios ualunsANaUAUOITTULIaaLaINAgNTseaNnS
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° Y Sldy ~ a g’; o a 4 ] [ =< = 4 a S A
aagaedlsnunlunisdanusaauaienadguruny  Funaluladaduaioinadni
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s a & a : y& 4 a ¥
($VI9] 5'0\1'6'1\1MWﬁﬂ!LWQL%ﬁﬁLLﬁQ@'W]@ﬂ%H@ Si-mono Gl‘]fﬁuﬁiuﬂ’lﬁ@ﬂ@ﬂ 986 AT NIUAT LY

)
a o 9

@ A odgyd A A4 A . L qud A a ¥
LLPNL“lfaaLLET\‘IE]1ﬂﬁ8ﬂ1°ﬁwuﬂﬁﬂﬁﬂuﬂﬂﬂq@ﬂ@ Si-poly mhwuﬂumimm 941 AT NIUAT
2 o A J A . gy Ay ~ ] A
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a Sy % a < % 3
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1800
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4.42 vanmMITNUVeITTUY Hanmshauvesszuuwan lihdremaduaseriag
wuiFenseriszuimievesms luihie ienaserfindannsenunuumasaduaeniiad
(Solar Panel) sz ldiRamsndalifhoennaunusaduaioiiing Taslufhfioonuuiu
Tfhnszuaasauseduliliihe  FalWfhnssuaasadenanezgndeiiunienlas
nszualwilh  (nverter) uwazazianisulasnszualvihan lfhnszuaasaiiuliih
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Overhead Distribution line 22 kV

1250 kVA
400V/22kV
CONTROL ROOM
I Grid Inverter 1 l Grid Inverter 2
- 500 kW - 500 kW
el ~
I DC Combiner IL)(_Z Combiner
| Box 1 Box 2
| | |

1

PV Array 2

4 [ o a d a 7
sUn 4.12 ‘I’iﬂﬂﬂﬁ‘lmx‘ﬂuﬂl@ﬂi%ﬂﬁﬂﬂ@iﬂ%1&38“]5?]@“?]’@@11/]@8"]]1&1@] 1 MW
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‘Aﬂ‘ Results, variant VCO "Mew simulation variant” o e S
Simulation parameters i
Spsth
Project P Power Plant 1 kwp pEE
Site Lop Buri Py modules CSExX - 290P Inwerter  Sunny Central SO0CP-US
System type Grid-Connected Narminal Power 1096 KWp  Inv. unit power 500 ks
Simulation 07407 to 112 MPP Y oltage /TN Mb. of in. Z
[Generic meteo data) MPF Current 814
L
M ain results
System Production 1752 Muwhd Mormalized prod. 438 kwhAdwpiday
Specific prod. 1598 EwWhikwpder Aray loszes 0.83 kKwh/kWwp/day
Performance Ratio 0.828 System loszes 0.08 kwh/ow'piday

Detailed results

Daily Input/Qutput diagram
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Canadian Solar Inc. 31 CS6X — 290P $149U 3,780 UKY 1AIADDYNIUNY 15 URRTIUIU 252
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Simulation parameters

Collector Plane Orientation Tilt
Horizon Free Horizon
Near Shadings No Shadings
PV Array Characteristics
PV module Si-poly Model
Manufacturer
Number of PV modules In series
Total number of PV modules Nb. modules
Array global power Nominal (STC)
Array operating characteristics (500C) U mpp
Total area Module area
Inverter Model
Manufacturer
Characteristics Operating Voltage

Inverter pack Number of Inverter

15 deg Azimuth
CS6X - 290P

Canadian Solar Inc.

15 modules In parallel
3780 Unit Nom. Power

1096 kWp At operating cond.
486 V I mpp
7253 m2 Cell area

Sunny Central 500CP-US
SMA
430-820 V
2 units

Unit Nom. Power
Total Power

0 deg

252 strings

290 Wp

1000 kWp (450C)
2057 A

6624 m2

500 kW AC
1000 kW AC

Main simulation results
System Production Produced Energy

Performance Ratio PR

1752 MWh/year Specific prod.
82.8 %

1598 kWh/kWp/year

Normalized productions (per installed kWp): Nominal power 1096 kWp

T T T T T
Le: Collection Loss (PV-array osses)
Ls SystemLoss (inverter, ..)

' Froduced useful energy (inverter output)

7

T T T T
0.83 KWh/kWpiday
0.08 KihikWp/day
ol 4.38 KWhiWpiday

Normalized Energy [¥hulVptday]
o - on

0

Jan  Feb  Mar  Apr  May

Performance Ratio PR

“[HM 7R Performance Ratio (V1 /1) : 0.628 "

Retio PR

Performance

Jan  Feb  Mar  Apr  May

H a 4 a o
51U 4.17 aussouzveszuuran IWihdsaduasornaduuia 1 MW
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Month GolbHor T Amb  GlobInc GlobEff EArray E_Grid EffArrR EffSysR
kWh/m’ C kWh/m’  kWh/m’  MWh  MWh % %

January 154.7 24.90 180.9 175.6 169.0 166.1 12.88 12.66
February 148.6 28.90 164.0 159.6 150.8 148.2 12.68 12.47
March 177.4 29.20 183.5 178.4 167.2 164.3 12.57 12.35
April 173.5 30.10 170.3 165.1 156.0 1532 12.63 12.41
May 169.5 29.50 159.2 153.6 146.4 143.9 12.68 12.46
June 156.6 29.10 144.9 139.7 133.5 131.1 12.70 12.47
July 154.2 28.50 144.4 139.4 133.1 130.5 12.70 12.46
August 148.5 28.20 1433 138.4 131.9 129.4 12.69 12.45
September 140.0 27.70 1404 136.0 129.5 127.1 12.72 12.48
October 1452 27.60 1544 149.7 143.9 141.3 12.85 12.61
November 144.7 26.40 165.1 160.4 153.2 150.4 12.79 12.55
December 151.2 24.40 179.9 174.7 169.0 166.1 12.95 12.73

Year 1864.1 27.86 1930.2 1870.6 1783.4 1751.5 12.74 12.51
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Loss diagram for "New simulation variant” - year

1864 KWhimz2 Horizontal global irradiation
~

3.5% Global incident in coll. plane

Q-E.ﬂ{: L&N factor on global

1871 KWhim2 * 7253 m2 coll. Effective irradiance on collectors
efficiency at STC = 15.12% PV conversion
2051 MWwh Array nominal energy (at STC effic.)

-0.3% |= PV loss due to irradiance level

&

-10.1% PV loss due to temperature

-0.1% Module guality loss
-2.0% Module array mismatch loss
-1.0% Ohmic wiring loss
1784 MWh Array virtual energy at MPP
-1.8% T|- Inwerter Loss during cperation (efficiency)
\\—}III.IJ".-'E. Inverter Loss over nominal inv. power
\\-}-III.IJ".-'& Inverter Logs due to power threshold
\“-}IJ.IJ".-G Inverter Logs over neminal inv. voftage
l\‘-%—IJ.IJ".-E Inverter Loss due to voltage threshold
1752 MWh Available Energy at Inverter Qutput
ﬂ%—r Energy injected into grid
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Normalized Energy [KWwhikWplday]

Normalized productions (per installed kWp): Nominal power 1096 K\Wp

-]

Le : Collection Loss (PV-array losses) 0.23 kWhikWpiday
Ls : System Loss (inverter, ...} 0.08 KWhikWpiday
F: Prodyced yseful energy (inverter output)  4.38 KWhikWpiday
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- MIAATIZH ORI IHaNOUUNUYATATINT (Internal Rate of Return: IRR)
- 32821IAUNY (Payback Period)
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k4
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aiinalatimssugemas Wi Tasdua Adder i1 6.50 vn uszezinat 101 uagan

v 4
Tfhnms Iihaauginesugedszuna 2-3 vn udwanms dhaugininzdsemalu

U
Y

1 A é v A 9 d' 1 1 g’/ = [ d' =
HAAZIADY BIVLSUFOIINLAINABUTEIIU 9 VIMAINUIY RzHUITNTwTUmAasd szl

A% 14,012,293 11 aaoaszezal 10 U asudaaluanisian 4.10

A o , 9 o ¢ A <
13190 4.10 ﬁ']ﬁ'l\‘lllﬁﬂ\‘lﬁ'lfJﬁ‘Uﬁ']fJﬂ'lfJTﬁQulV‘IV‘I'W‘la\‘]\‘]'ll!k“])’ﬁﬁl!ﬁﬁ@']ﬂﬂﬂ‘l]ﬂ”lﬂ 1 MW

yanfagu
4 d U Q
. AU wailszlewil Discount
i ¥9alA5IM3
(Cost)(U1N) (Benefit)(U1N) Factor (8%)
PV)(L11)
- -79,220,000 - 1 -79,220,000
1 1,200,000 15,768,000 0.9259 13,488,511
2 1,200,000 15,641,856 0.8573 12,381,003
3 1,200,000 15,516,721 0.7938 11,364,613
4 1,200,000 15,392,587 0.7350 10,431,551
5 1,200,000 15,269,447 0.6806 9,575,666
6 1,200,000 15,147,291 0.6301 8,788,188
7 1,200,000 15,026,113 0.5834 8,066,154
8 1,200,000 14,905,904 0.5402 7,403,929
9 1,200,000 14,786,657 0.5002 6,796,046
10 1,200,000 14,668,363 0.4631 6,237,199
yaaJagiugns (NPV) 15,312,861
sasdrunalss Teminedunu (BCR) 1.18

AT INANDUUNUMY UV IATIAT (IRR)(%) 12.74%
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o o Ja [ C4 [T
4.9.3 MIMUIVUMNNANATHIMTAIIAINTIY (1IDNANHY NIngya. 2552)

a 4 1 Y a o
- MIAATNYan 19917 UgNT (Net Present Value: NPV) 194159013 Taginua

v a 9 1A .
9n51ANaNTo8aY 8 M1 (Discount Factor 8%)

(@)

t T Mt
1+i)!

NPV =

oA g
= |

N

~—"

t=

NPV =-79,220,000 + [(15,768,000-1,200,000)0.9259] + [(15,641,856-1,200,000)0.8573] +
[(15,516,721-1,200,000)0.7938] + [(15,392,587-1,200,000)0.7350] + [(15,269,447-
1,200,000)0.6806] + [(15,147,291-1,200,000) 0.6301] + [(15,026,113-1,200,000)0.5834]
+[(14,905,904-1,200,000)0.5402] + [(14,786,657-1,200,000)0.5002] + [(14,668,363-
1,200,000)0.4631]

=15,312,861

- MIUATIZHOAT WA ULUNUADA1F918 (Benefit-Cost Ratio: B/C Ratio)

n Bt :
T+
Benefit — Cost Ratio = Z %
t
FLA+ 0t
Bt
> = 15,768,000(0.9259) + 15,641,856(0.8573) + 15,516,721(0.7938) +

= (1+i)
15,392,587(0.7350) + 15,269,447(0.6806) + 15,147,291(0.6301) +

15,026,113(0.5834) + 14,905,904(0.5402) + 14,786,657(0.5002) +
14,668,363(0.4631)

=102,584,381
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L Ct
Z(l i)' =79,220,000 + 1,200,000(0.9259) + 1,200,000(0.8573) + 1,200,000 (0.7938) +
t=1

1,200,000(0.7350) + 1,200,000(0.6806) + 1,200,000(0.6301)+ 1,200,000(0.5834) +

1,200,000(0.5402) + 1,200,000(0.5002) + 1,200,000(0.463 1)

=87,271,520
n L
. ) a4+
Benefit — Cost Ratio = z C—t
=1 (141i)t
= 102,584,381
87,271,520
=1.18

- ﬂ1531ﬂ51$ﬁ5ﬁ51Nﬁ@]f)‘ll!mu‘ll’f)\‘ljﬂﬁﬂﬂﬁ (Internal Rate of Return: IRR)

N
NPV = ZFn(l +i)m =0
n=0
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yinmsUsziiulasanmsiiiosduniadi IRR 90YITNIN 10% - 20%
w71 10% 9218

NPV = -79,220,000 + [(15,768,000-1,200,000)0.9091] + [(15,641,856-1,200,000)0.8264] +
[(15,516,721-1,200,000)0.7513] + [(15,392,587-1,200,000)0.6830] + [(15,269,447-
1,200,000)0.6209] + [(15,147,291-1,200,000) 0.5645] + [(15,026,113-1,200,000)0.5132]
+[(14,905,904-1,200,000)0.4665] + [(14,786,657-1,200,000)0.4241] + [(14,668,363-
1,200,000)0.3855]

NPV = 7,460,694

unum i 7 20% 9214

NPV = -79,220,000 + [(15,768,000-1,200,000)0.8333] + [(15,641,856-1,200,000)0.6944] +
[(15,516,721-1,200,000)0.5787] + [(15,392,587-1,200,000)0.4823] + [(15,269,447-
1,200,000)0.4019] + [(15,147,291-1,200,000)0.3349] + [(15,026,113-1,200,000)0.2791]
+ [(14,905,904-1,200,000)0.2326] + [(14,786,657-1,200,000)0.1938] + [(14,668,363-
1,200,000)0.1615]

NPV =-19,741,335

9T INANDULUNUMY IUYDIIATINTS (TRR)

20—10
7,460,694 + 19,741,335

i=10+ ( ) X 7,460,694 = 12.74%
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a d
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& ) v
JZYSIAAUNU = ﬂl‘!ﬂuﬂ'liﬁiNIﬂiQﬂﬁ

=

wailsz Tesimasn ldsuaodl

79,220,000

14,012,294

=565 1

a 4 1 [ Ia
494 MIVATIZHANNANAIVOI IATINTAMUNAUATHTAIAATIAINTTH 21NN
a 4 Y o gu/ 9 1 (= 1 Y] A
03129 Iag 15023 3n0ANA103 139013 3 A2 AB Yan1Ja91ugNT (Net Present Value :
(% 1 Jd (%
NPV) amwmuwaﬂiﬂwumﬁ’unu (Benefit — Cost Ratio : BCR) LaZdfT1HAADULNU
Meluuealnsans (Internal Rate of Return : IRR) eyaumsnmvua l3nunlasamsiainm
I 4 =1 1 ) a (Y]
Al ldmansegenans Ao Tasanisliyanmdoegiugns (NPV) sy 15,312,861 U1
[ 1 g [ (%
sasdIunalsz TominodunuBCRWNY 1.18 uay oasmaneuunumeluveslngins
T @ v A ~ a 4 9 1
(IRR) 1111 12.74% saiueas 13 lumsied 4.10 Tasaunsoagdmsimszinnuduaives
% dy [ 4 (% Y o dy
Tasams i iaunazen lanail
4.9.4.1 yaa1lafugns (Net Present Value : NPV) yaa1agiiugns (Net
Present Value : NPV) 484159015 0yafA Ay 15,312,861 1M Huea1un msaenuly

A = 1

a [ g A o A & @
Tasamsuaa lWihdendsnusaanaseriag woauga lnsanmsudiazliyaa lutlgiivues

U Q

] v
=

HanoUUNUNHNADNDAUNUIE) TyaAuiny 15,312,861 1TAaoaszeznal 10 1 Faudaa
: 2 4
NlasamstaunIsnezany
[ 1 Jd @ 1
4.9.42 dasrdurallsy TeainoAunu (Benefit — Cost Ratio : BCR)SAT 1Y
d 1 T W 1
nase TeainoAunu (Benefit — Cost Ratio : BCR) 93 1A59M3sTAMMIND 1.18 Hu1ea1un
A 2 Y A o 1 A "9 A
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@ I 1 o 1 % 1 £ { I
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{ ' 1 v < J 4 1
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4.9.43 8a5WanauuNuMgluvealnsims (IRR) 9aIHaAdUUNUNY UV
A 1w = ' 2 = < =
1A59M3 (IRR) HAWNINY 12.74% Gauaaan Iasamstauadsnazaanumaziulasanisn
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Part 1: BASIC APPROACH: MY FIRST PROJECT

1- First contact with PVsyst

When opening PVsyst you get to the main page:

110

7

| PVsyst V6.04 - PREMIUM - Photovoltaic Systems Software

e Files Preferences Language Licence Help

Choose a section Content

o y Full-featured study and analysis of a
Preliminary design project
- Accurate system yield computed
using detailed hourly simulations,
- Different simulation variants can be
. 3 performed and compared
Prqect d9519n - Horizon shadings, and 3D tool for

near shadings effects study,

- Detailed losses analysis
- Economic evaluation performed with

Databases real component prices

This gives access to the four main parts of the program:

“Preliminary design” provides a quick evaluation of the potentials and possible constraints of a

project in a given situation. This is very useful for the pre-sizing of Stand-alone and Pumping

systems. For grid-connected systems, it is just an instrument for architects to get a quick

evaluation of the PV potential of a building. The accuracy of this tool is limited and not intended

to be used in reports for your customers.
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“Project design” is the main part of the software and is used for the complete study of a project. It
involves the choice of meteorological data, system design, shading studies, losses determination,
and economic evaluation. The simulation is performed over a full year in hourly steps and

provides a complete report and many additional results.

“Databases” includes the climatic data management which consists of monthly and hourly data,
synthetic generation of hourly values and importing external data. The databases contain also the
definitions of all the components involved in the PV installations like modules, inverters,

batteries, etc.

“Tools” provides some additional tools to quickly estimate and visualize the behavior of a solar
installation. It also contains a dedicated set of tools that allows measured data of existing solar

installations to be imported for a close comparison to the simulation.

2- Full study of a sample project

Project specifications and general procedure

For an introduction to the development of a project design in PVsyst, we will walk through a full
project step-by-step. As an example we will consider a farm located in France close to Marseille.

The building in question is shown on the following sketch:
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10m

35m

10m

Elévation - Pente toiture 25° /\\\

Sut tous cotes:
avant-toits de 0.5 M H = 5mj

The roof of the farm is facing south and we intend to cover it on an area of about Sm x 25 m=
125 m? with mono-crystalline PV modules.
As explained before, we will not use the “Preliminary Design” for a grid-connected project, but

rather start the complete “Project design”.
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-

PVsyst V6,04 - PREMIUM - Photovoltaic Systems Software

Choose a section Content System

o . Pre-sizing step of a project, after few i
Preliminary design clics, without real components Gl’ld—CK{\ﬂfcth
- First evaluation of the system's and

component’s sizes,

m —System )’IE|C| qmck evaluations
performed using monthly values,
Project desigr Stand alone

Flease do not use these gross
estimations for a presentation to your

customer !

When you choose "Grid connected" project, you will get the following dashboard for the

management of a project:
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Project: New Projec [ | — —
Project's designation
The Project includes mainly the geographic SITE definition, and the associated METED hounly file 1 |
Project's name |Fam at Marseille Date [24032m3 )
Please define the geographical site and meteo !
[ Mew project = Load project Preferences
e ’7 =4 Site and Meteo | ¥ 2lbedo - settings
| ~System Variant (calculation version)
Wariant n* I Mew gimulation variant LI [5 New variant
;’ I fr
~Input parameters
I o Optional Simulation and results
&_ 6., b mulation
|j-::'?"- 6':. | 2sulls
| —0
(5] = o I layau
I_'l— | —— T | we variant
et metering e _—
? | ‘o] | I
T W ete variant
T ¥ ¥ | iy | i | | | 1 P 3
[ o Exit

The dashboard has two parts: the Project basic definitions and the System variant management.
What we call ‘Project’ in PVsyst, is just the central object for which you will construct different
variants (or system configurations, calculation variants) of your system. The Project contains the
geographical site of your system, the reference to a file with the meteorological data, and some
general parameters like the Albedo definition, some sizing conditions and parameters specific to

this project. In the database it will get a filename with the extension *.PRJ.

Each System Variant contains all the detailed definitions of your system, which will result in a
simulation calculation. These definitions include the choice of solar panels and inverters, the
number of panels and inverters, geometrical layout and possible shadings, electrical connections,
different economic scenarios, etc. In the database, the files with the Variants of a project will have
the Project's file name, with extensions VCO, VC1, VCA, etc. You can define up to 36 Variants
per project.

Steps in the development of a project
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When developing a project in PVsyst, you are advised to proceed in small steps:

- Create a project by specifying the geographical location and the meteorological data.

- Define a basic system variant, including only the orientation of the PV modules, the required
power or available area and the type of PV modules and inverters that you would like to use.
PVsyst will propose a basic configuration for this choice and set reasonable default values for all
parameters that are required for a first calculation. Then you can simulate this variant and save it.

It will be the first rough approximation that will be refined in successive iterations.

- Define successive variants by progressively adding perturbations to this first system, e.g., far
shadings, near shadings, specific loss parameters, economic evaluation, etc. You should simulate
and save each variant so that you can compare them and understand the impact of all the details

you are adding to the simulation.

Tips - Help

In PVsyst, you can always get to the context Help by pressing F1. Sometimes you will also see
little orange question mark buttons . Clicking on them will lead to more detailed information on
the topic in the Help section.

When PVsyst displays messages in red, you are advised to carefully read them! They may be
either warnings or error messages, or they can be procedures that should be followed to get a

correct result.

Defining the Project
In the project dashboard click on «New project» and define the project's name.

Then click on “Site and Meteo”.
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Geographical Location and Meteo

Caountry |France EI Site IMarseiIIe Marignane MeteoMNorm 6.1 statiorzl & Open
Meteo File
IFH_M arseille_Marighane. Marseille Marighane MeteoMarm 6.1 staticSynthetic 0 km EI 27 Dpen |
|

0 . [ Special actions
5 #- Show all available meteos |
Metao Site => Project Site Copy
Project Site =>
Synthetic meteao file ﬁ Be i I

x Cancel ] \/

You can cither choose a site from the built-in database, which holds around 1,200 sites from
Meteonorm, or you can define a new site that can be located anywhere on the globe. Please refer
to the tutorial “Meteorological Data management" if you want to create or import a site other than

those available in the database.

The project’s site defines the coordinates (Latitude, Longitude, Altitude and Time zone), and

contains monthly meteorological data.

The simulation will be based on a Meteo file with hourly data. If a near meteo file exists in the
vicinity (less than 20 km), it will be proposed. Otherwise PVsyst will create a synthetic hourly
data set based on the monthly meteo values of your site. However, you can always choose another

Meteo file in the database. A warning will be issued if it is too far from your site.
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NB: If you begin by choosing a meteo file, you have the opportunity of copying the site

associated with this file to the Project's site.

In the project dashboard you can click on the button "Albedo - Settings" which will give you
access to the common project parameters, namely the albedo values, the design conditions and

design limitations.

Project's parameter: Albedo for the projec uation e S|

Albedo I Desian condiims] Dther |'rnitati0ns|

Albedo values _"_l

—Usual values for albedo

F | Urban situation 014-022
Moniietayes Grass 0.15-0.25
020 July |0 Fresh Grass 0.26
Fresh snow 0.82

Aug,

Set a common value Wikiagnoy 0.75
Sep. |0 Dy asphalt 015

Common value  [0.20 Wet asphalt 018
Concrete |125-0.35
MNow. |0, [Default: albedo = 0.2 Red tiles 0.33
Alurninium 0.85

Dec. |0  Set | New galvanised steel 0.35
0.08

Yery dity galavanised stee

Usually you will never modify the albedo factor. The value of 0.2 is a standard adopted by most
people. Nevertheless, if for example your site is located in the mountains, you can define in this
table a higher albedo factor like 0.8 for the months where there is persistent snow.

The second tab in the project parameters dialog contains the "Design Conditions" page.
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Project's parameter: Albedo for the project’s situation E

Albedo  Design conditions | Other limitations |

Site-dependent Design parameters

Reference temperatures ? | Lower temperature for Absolute Yoltage limit |-1I]
for array design by _ . :
respect to the inverter Winter operating temperature for Vmpphax design |2El

il Usual operating temperature under 1000 '/ /m |5[I
Summer operating temperature for YmppMin design IEU

~Other design Parameters

[Fob e b 2| Limit overload loss for design [30

& |EC [usually 1000Y)
UL (usually 500V

mu¥Yoc value
(" From one-diode model |
" From specification

This page defines sizing temperatures, which may be site-dependent. These are only used during

the sizing of your system; they are not involved in the simulation.

The "Lower temperature for Absolute Voltage Limit" is an important site-dependent value, as it is

related to the safety of your system (it determines the maximum array voltage in any conditions).

Ideally, it should be the minimum temperature ever measured during daylight at this location. In

Central Europe the common practice is to choose -10°C (lower in mountain climates).

3- Saving the Project
When you are finished (i.e. you have gone to the Variant choices), you will be prompted to save
the definitions of your project. The dialog that comes up allows you to rename the project. We

recommend that you use a simple filename, since it will be used as a label for all the Variants.
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Savep-rnje:tas_ =000

Description

IFum at Marseille |

File name  |Marseile_Tutorial

Directory  D:APYspst_Devh PV apstB\Bin PV spstE_D sta\Frojects

BALA_Project PRJ T X Cancel

Gandhinagar_Project PRJ
GeneveTPGDEMO.PR.
Heliod3D_Sevilla. PR B S
aiba_CET cential, PR Save
eruzalem_Tracking FRJ

L auzanne_Project. PRJ

M alesbuny_Meteocontral_Project PR

Modulel ayout Ajaccio PRJ s

Creating the first (basic) variant for this project

After having defined the site and the meteorological input of the project, you can proceed to
create the first Variant. You will notice, that in the beginning there are 2 buttons marked in red:
“Orientation” and “System”. The red color means that this variant of the project is not yet ready
for the simulation, additional input is required. The basic parameters that have to be defined for
any of the variants, and that we have not specified yet, are the orientation of the solar panels, the

type and number of PV modules and the type and number of inverters that will be used.
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~Project's designation
The Project inchudes mainly the geographic SITE definition, and the associated METED hourly file ll

Project's name |Elid-l.‘-onmcted Project at Genéve-Cointrin Date |23.1U.ZIJ'I3 vl

[ Mew project (= Load project | ferences
f
’—n;v

G Delete project S¢- Sike and Meteo ¥ Abedo - selfings ]

e -

LT

| @ Maodule lapout

- 1 | ﬁ\_ -

© Economic eval Save variant
: - :

© Miscellaneous tacls 3 Delete vanant

© Detailed losses

First, click on "Orientation". You will get the orientation dialog where you have to supply values

for the type of field for the solar installation and tilt and azimuth angles.



|
Gren v et UL e e

Field type |Fixed Tited Plane -

Field Parameters

Tilt 25° Azimuth 20°

Plane Tilt |25.0 ﬂ ¢

Azimuth IED

_

~Yearly meteo yield

Optimization by respect to———— Transposition Factor FT 1.15
Lozz By Respect To Optimum -2.2%

* Yeary iradiation vield ? |
Global on collector plane 1816 kK'wWh/m?®

" Summer [&pr-Sep)
" Winter [Det-Mar)

12 Show Dptimisation |

| ]

The solar panels in our example will be installed on a fixed tilted plane. From the project's
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drawing (page 5) we get the Plane Tilt and Azimuth angles (25° and 20° west respectively). The

azimuth is defined as the angle between the South direction and the direction where the panels

facing. Angles to the west are counted positive, while angles to the east are counted negative.

After setting the correct values for tilt and azimuth, you click on "OK" and the “Orientation”

button will turn green. Next click on "System".

Presizing Help

arc

From the system description, we remember that we have an available area of around 125 m?. It is

not mandatory to define a value here, but doing so will simplify our first approach as it will allow

PVsyst to propose a suitable configuration.



Select a PV module

122

Choose a PV module in the database. Among "All modules", select "Generic" as manufacturer

and select the 110 W model. In the bottom right part of the dialog PVsyst will display a hint for

choosing the inverter: "Please choose the Inverter model, the total power should be 13.2 kW or

more."

Global System configuration

|1 ﬂ Humber of kinds of sub-araps

? | o Simplified Schema |

Global system st
b, of modules
tadule area

Mb. of inverters

Mominal P4 Power

b airnuirn P Power

Mominal AC Power

01 Kwp
01 Kwide
30 Kwac

Homogeneous System I

~Presizing Help

“oo (-10°T)

" No Sizing Enter plarined power IF k', _or available area % [125 e ﬂ ‘
5 e
_—-E-‘
All modules | Sot modules (* Power " Technology
Generic Si-poly Paly 111
i nb. oF Mo CUTEE T ——— el e i e o b

48.7 Y

~Select the inverter

IAII inverters

j Sortirverters by Power

 Watage [max)]

I[ienelic

Number of inverters

" Main input

-1

I'I j I~ Dperating Yaoltage;

['® Secondary [nputmaximum voltage:

J00-600 Y
0

Global Inverter's power

~Design the amay

~Mumber of modules and strings

2|

[perating conditions

Pleaze choose the Inwerter model _\

The total power shoud be 13.2 K@ [optmal)

)

shouldba W ripm (BOCE] 295 or mare:

Mod, i series I'I +l ¥ arily possibiliy 1 4mpp [20°C] aEY _/
j Yoc [0 a9 5
) ] =
hirestgs [1 = Flbemeenzzangar 500l o0 e € Mawindta STC
Overoadloss 0.0 . ﬂ Impg (ST 3245 M. cperating paow 0.0 K&/
Priom G 0.04 _B& showsizng[| 2] 52 ey 34 f & 1000 W//r? and 50°C)
Hb. medules 1 frea 0 mé lzz (gt STE] 34 f Array nom. Power [STC] 0.1 k+p
X Cancel o OK
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Select the Inverter

For the installation in our example we could choose either a Triphased inverter of around 13 kW,
or 3 Monophased inverters of 4.2 kW to be connected on the 3 phases. We choose the Generic 4.2
kW and PVsyst proposes a complete configuration for the system: 3 inverters, 15 strings of 9

modules in series.

Global System configurati Global system v
|1_;| Number of kinds of sub-arrays ‘ [Nh. of modules 135 Namiral Py Power 14.8 kwp
- Module area 121 m? I aximum Py Power 135 kwde

_?l "Et Simplified Schema | | | Nb. of inverters 3 Mominal AC Powet 126 kwac
Homogeneous System I
—Presizing Help

" Mo Sizing Enter planned power © [15.3 kwp, ... Of avaisble area & [125 i iJ

Select the PV module — - — a
IM modules j Sort modules * Power " Technology
| Generic | 1Mowo29v  Sipok  Poly110Wp 72cels  Since 2010  Typical =l B Open

Mawimum nb. of modules 139 Sizing voltages :  Vmpp (B0°C) 29.3 Y
o [_'m'f"l .u r Ys

ol TR T~

I-M inverters ;I Sortinverters by: Power " Voltage (max) ¥ E0Hz
| Generic Rl (soiw 125.600V TL  50/60Hz 4 2KWacinveter  Since2012 R Yo
Nb. of inverters |3__'j r Operating Vokage: 125-500 v Global Inverter's power 12,6 kWac
T —— Input marimum voltage: 700 v "String™ inverter with 2 inpu
e T

[ Design the amay

- Mumber of modules and stiings D aling Tondtions The inverter power is slightly undersized

Vmpp [BO'C] 263 Y
Wmpp [20°C) 319V
Voc [-10°C) 38 Y

should be
Mod. in series |3 jll [~ between 5 and 14

bre stings |15 ill [ between 13 and 15

N

Plane iradiance 1000 W/m? " Max in data * 5TC
Ovetoad | o sil lI Impp [STC] 474 A Max. operating power 131 kW
Priom ratio 118 _ﬁ_lm" s2ngj = § |sc (STC) S16A at 1000 W/r# and 50°C)
Hb. modules 135 Area 121 nf | lsc: [at STC) 204 Armray nom. Power [STC) 14 8kWwWp
X Cancel ' OK

After the module type, the inverter and the design of the array have been defined, the blue panel
in the bottom right part of the dialog should be either empty or orange. If you get a red error
message, check all choices you made and correct them to the values described above (it may take

a few seconds for the message to adapt to the changes you make).
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We have now defined all compulsory elements that are needed for a first simulation. We will go

through more details of this very important dialog later in this tutorial. For now, you can click on

"OK" to validate the choices. You will get a message box with the warning: “The inverter power

is slightly undersized”. For the time being we will ignore it and just acknowledge with the OK

button.

4- Executing the first simulation

On the Project's dashboard, all buttons are now green (eventually orange) or Off.

The "Simulation" button is activated, and we can click on it.

Simulation, Vanant “New simulation vanant™

= —

Simulation parameters

Preliminary definitions

Ophonal further defimtions, For
refined data analyziz only.

2l

Hourly data storage

E“, Special graphs

Output File |

% Batch simulation

Simulation dates

| These dates comezpond to the dates of pour meteo

file. They cannot be overcome

fram |D‘I.I]'I.193] »| |V Meteo beginnir
upm|31.12.19m | |¥ Meteo end

NE: 1390 indicates a generic yaar, ie. which dossn't
conespond to really measured data for a given time

<1 Back to params. ||

v" Simulation R

W atiant New simulation variant

Project Farm at Marseille Py module Paly 110%Wp 72 cellater 4 2 kW ac inverter
Site Marseille Mangnane Unit power 110 Wp Unit power 42 kw

Harizon Free Horizon MNb. modules 135 Nb. inverters 3

System Grid-Connected Amay Power 14.8 Kwp Priom AC 126 kwac

The simulation dates are those of the underlying meteo data file. Don't modify them (you cannot

perform a simulation outside of the available meteo data).
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The preliminary definitions are additional features which may be defined for advanced purposes.

We will skip them for now, and click right away on “Simulation”.

-
Hourly Simulation Progress @J Eﬂ‘él

Status
Simulation ended sucessfully

Attenuation factors for Diffuse Display
) " Hourly Values
Diffuse 0.004 ¢ DalyValues
Albedo 0.000 " Monthly Values
Digplay daily values Simulation 31412490

LA Stepby

Meteo: Global, Diffuse, Tamb 203, 0.45Kwhiré day, 128°C. 5.2 mis

On col: Global, Diffuse, Glob. eff.  3.85, 0.65, 0.02, 3.71 K'Wh/nf. day = Continue |

Systemn ; EMax. ENet, Else 437, 437, 48.05kWh/day

Load: ELoad, EUsed, EOwver Unlimited , 0.0, 0.0 k'Wh/day / 0K I

progress bar will appear, indicating how much of the simulation is still to be performed. Upon
completion, the "OK" button will get active. When you click on it, you will get directly to the

"Results" dialog.

Analyzing the results

This dialog shows on the top a small summary of the simulation parameters that you should
quickly check to make sure that you made no obvious mistake in the input parameters. Below is a
frame with six values that summarize at one glance the main results of the simulation. They only
give a very coarse picture of the results and are there to quickly spot obvious mistakes or to get a

first impression of a change or a comparison between variants of the project.

In the bottom left part of the dialog you will see the "Input/Output" diagram, which gives you
already more detailed information about the general behavior of the system. It displays for every
day that was simulated, the energy that was injected to the grid as a function of the global incident

irradiation in the collector plane. For a well dimensioned grid-connected system, this should be
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roughly a straight line that slightly saturates for large irradiation values. This slight curvature is a

temperature effect. If some points (days) deviate at high irradiances, this is an indication of

overload conditions. For stand-alone systems, a plateau indicates overload (full battery) operation.

Results, variant VC0 “New simulation variant"

FE e

Simulation parameters

Project Farm at Marseille
Site M‘?"SEI'B Matignane P modules Polp 110'Wp 72cells  |reverter 4.2 K\ ac inverter
System lype Grid-Connected Morminal Power 14.8 KWp  Inv. unit power 4.2 kw
Simulation  01/01 to 31712 MPP Voltage BTV Hb. of i, 3
[Genenc meten data) MPP Current 324
Main results ————y - S .
Spstem Production 21540 Ewhdve MNormalized prod. 3.97 KwWhi\Wp/day
Specific prod. 1451 kwh/kwpder Anay losses 0.82 kKwh/kwp/day
Performance Ratio D.804 Spgtem losses 0.14 kKwhiwpiday
o Detailed result
100 Daily Input/Qutput diagram s
T T T T T ' =,
L s Values from 01/01 to 31/12 . et B Report (i Tables
é‘ i
'i £ Predef. graphs = Hourly graphs
= 1
B
4 @ Economic evaluation
E Ll
2
& T & Print
0 o [l ] | i
0 3 1C =
Tiobal incident in coll plané [KWhim? day] < Back Save

The main information of the simulation results is gathered in the report. The other buttons give

access to complementary tables and graphs for a deeper analysis of the simulation results. For

now we will ignore them. When you click on Report you will get the complete report, which for

this first simple variant consists of only three pages (for simulations with more detail you can get

up to 9 pages of report). In this report you will find:
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First page: All the parameters underlying this simulation: Geographic situation and Meteo data
used, plane orientation, general information about shadings (horizon and near shadings),

components used and array configuration, loss parameters, etc.

Second page: A reminder of the main parameters, and the main results of the simulation, with a

monthly table and graphs of normalized values.

Third page: The PVsyst arrow loss diagram, showing an energetic balance and all losses along
the system. This is a powerful indicator of the quality of your system, and will immediately

indicate the sizing errors, if they exist.

Analyzing the report

Second page: main results

For our first system: three relevant quantities are now defined:

Produced Energy: The basic result of our simulation.

Specific production: The produced energy divided by the Nominal power of the array (Pnom at
STC). This is an indicator of the potential of the system, taking into account irradiance conditions
(orientation, site location, meteorological conditions).

Performance ratio: An indicator of the quality of the system itself, independently of the incoming

irradiance. We will give its definition below.

Main simulation results
System Production Produced Energy 21.54 MWh/year Specific prod. 1451 kWh/kKWp/year
Performance Ratio PR 80.4 %

The bottom of the second page contains a table with the main variables, given as monthly values
and the overall yearly value. The yearly value can be an average like the temperature, or a sum,

like the irradiation or energies. The meaning of the different variables is the following:



GlobHor: Global irradiation in the horizontal plane. This is our meteo input value.

T amb: Ambient (dry-bulb) average temperature. This is also our meteo input value.
Globlnc: Global irradiation in the collector plane, after transposition, but without any optical
corrections (often named POA for Plane of Array).

GlobEff: "Effective" global irradiation on the collectors, i.e. after optical losses (far and near
shadings, IAM, soiling losses).

EArray: Energy produced by the PV array (input of the inverters).

E Grid: Energy injected into the grid, after inverter and AC wiring losses.

EffArrR: PV array efficiency EArray related to the irradiance on the Collector's total area.

EffSysR: System efficiency E_Grid related to the irradiance on the Collector's total area.

New simulation variant
Balances and main results
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GlobHor T Amb Globlnc GlobEff EArray E_Grid EffArrR EffSysR

kWhim* °C kWhim? KWh/m? MWh MWh % %
January 535 6.29 83.0 80.1 1.104 1.063 10.96 10.56
February 79.2 6.99 112.0 108.4 1.481 1.430 10.90 10.53
March 1339 11.20 167.4 162.6 2135 2.062 10.52 10.16
April 1534 14.37 165.6 160.3 2077 2.005 10.34 998
May 1994 19.14 198.7 192.5 2.424 2339 10.06 9.70
June 217.8 23.44 2109 204.4 2.496 2.408 9.76 9.42
July 2209 24.90 2171 210.3 2.556 2.467 9.71 9.37
August 188.2 24 67 2009 1949 2.366 2284 9.7 9.38
September 1389 19.74 161.5 156.6 1.977 1.909 10.09 974
October 93.0 16.05 125.0 1209 1.573 1.518 10.38 10.01
November 58.3 9.96 871 842 1.139 1.098 10.78 10.39
December 461 6.50 742 71.5 0.993 0957 11.03 1062
Year 15825 15.32 1803.3 1746.7 22323 21.540 10.21 9.85

The monthly graphs on the second page of the report are given in units called «Normalized
Performance Index". These variables have been specified by the "Joint Research Center" JRC

(Ispra) for a standardized report of PV system performance, and they are now defined in the

international IEC61836 norm. The PVsyst online help contains a full explanation of these values

(you can directly access this section of theonline help by pressing F1 when you are on this page

of the report). In these units the values are expressed in [kW/kWp/day] and contain the following

information:
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Yr = Reference Yield Energy production if the system were always running at "nominal"
efficiency, as defined by the array Pnom (nameplate value) at STC.

This is numerically equivalent to the GlobInc value expressed in [kWh/m?/day].

Ya = Array yield Energy production of the array

Yf = Final System yield Energy to the grid

Lc =Yr - Ya Array capture losses

Ls =Ya - Yf System losses

PR = Yf/ Yr Performance Ratio = E_Grid / (GlobInc Pnom(nameplate))

Normalized p i (per i kWp): inal power 14.85 kWp Performance Ratio PR

10 10
. ! H [ PR Peformance Ratio (77171 06804

Third page: arrow loss diagram

This is the PVsyst way of reporting the system's behavior, with all detailed losses. This diagram is
very useful for the analysis of the design choices, and should be used when comparing systems or
variants of the same project.

GlobHor = Horizontal irradiation (meteo value): starting point.

Globlnc = After transposition (reference for the calculation of PR, which includes the optical
losses).

IAM = The optical losses. When adding further details to a variant, there will be additional
arrows for far and near shadings, soiling, etc.

GlobEff - Coll. Area = Energy on the collectors.

EArrNom = Array nominal energy at STC (= GlobEff Effic. nom).

Array losses = Collection losses (irradiance, temperature, mismatch, module quality, wiring, etc.).

EArrMPP = Array available energy at MPP.



Inverter losses = Efficiency and eventual overload loss (all others are usually null).
EOutlnv = Available energy at the output of the inverter.

AC losses = Eventual wiring, transformer losses between inverter and injection point,
unavailability.

EGrid = Energy injected into the grid.

Loss diagram over the whole year

P 1582 KWh/m? — Horizontal global irradiation
Global incident in coll. plane

IAM factor on global

Effective irradiance on collectors

efficiency at STC = 12.20% PV conversion

25 85 MWh l Array nominal energy (at STC effic.)
l‘* $-1.3% PV loss due to irradiance level

" __ }-9.4% PV loss due to temperature

" 1.5% Module quality loss
['\\‘; -1.0% Module array mismatch loss
s 1.0% Ohmic wiring loss
22.32 MWh Array virtual energy at MPP
.5;' -3.5% Inverter Loss dunng operation (efficiency)
~50.0% Inverter Loss over nominal inv. power
5 0.0% Inverter Loss due to power threshold
~+0.0% Inverter Loss over nominal inv. voltage
- 0.0% Inverter Loss due to voltage threshold
21.54 MWh Available Energy at Inverter Output

— _ 2154MWh Energy injected into grid
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The report can be sent to a printer or copied to the clipboard. These options are accessible through

the Print button . When pressing it you will get the “Print” dialog:

Print o =
Printer
Active: Xerox PS Color Class Driver
Color Printer Change / Configuration
Head Comments
| [~ Bold
| ™ Bold

(2]
Select pages to be printed ™

. . niks s i
W Simulation parameters Options

 Kwh
et o | | [ o ]
; X Cancel
Iv Main results ]T%'NDec
[+ Loss diagram =
Prewview
Print

Language |English -

Here you can select which parts of the report should be printed or copied and define comments
that will show up in the header of the report. With the “Options” button you can customize even

more details for the header comments and the clipboard copy resolution.

Saving your simulation
Take the habit to "Save" your different variants for further comparisons. Be careful to define a
significant title in order to easily identify your variant in the future. This title will be mentioned

on the report (it can also be defined in an earlier step, for example at the time of the simulation).

The first variant will be saved in the file "Marseille_Tutorial. VC0". Later Variants will get the
file endings VC1, VC2, etc. If you want to create a new Variant, make sure that you use "Save
As" to avoid overwriting your previous variants. For opening previous simulations of the

you can click the button "Load" which is situated just above the "Save" button

fn http://www.pvsyst.com/images/pdf/PVsyst Tutorials.pdf


http://www.pvsyst.com/images/pdf/PVsyst_Tutorials.pdf
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Datasheet Canadian Solar MaxPower CS6X 280/285/290/295/300P

y |

Key Features

* High module efficiency up to 15.63%

1Y) i
>~ CanadianSolar

MaxPower CS6X

280/285/290/295/300P

MaxPower CS6Xis a robust solar module with

72 solar cells. These modules can be used for
on-grid solar applications. Our meticulous design
and production techniques ensure a high-yield,
long-term performance for every module
produced. Our rigorous quality control and
in-house testing facilities guarantee Canadian
Solar's modules meet the highest quality
standards possible.

Best Quality

« 235 quality control points in module production
+ EL screening to eliminate product defects

* Currentbinning to improve system performance
* Accredited Salt mistresistant

* Positive power tolerance: 0 ~ +5W

* Robustframe to up to 5400 Pa load

+ Anti-reflective and self-cleaning surface

* Qutstanding performance at low irradiance
= High energy yield at Low NOCT

* Backed By Our New 10/25 Linear Power Warranty
Plus our added 25 year insurance coverage

100%
aTi

0%

» 10 year product warranty on materials and workmanship
» 25 year linear power output warranty

Best Warranty Insurance

* 25years worldwide coverage

* 100% warranty term coverage

* Providing third party bankruptcy rights

* Non-cancellable

* |Immediate coverage

« Insured by 3 world top insurance companies

Comprehensive Certificates

« IEC61215/1EC 61730, UL 1703, IEC61701 ED2,
KEMCO, CEC Listed, CE, MCS

1508001: 2008: Quality Management System
1S0/TS16849:2009: The automotive quality
management system

15014001:2004: Standards for Environmental
management system

QC080000 HSPM: The Certification for
Hazardous Substances Regulations

OHSAS 18001:2007 International standards for
occupational health and safety

Reach Compliance

.

.

.

.

.

G.C€C 1Y G SGS - @aF

www.canadiansolar.com
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CS6X-280/285/290/295/300P

Electrical Data MaxPower
5TC (CS6X-280P |C56X-285P|CS6X-200P|CSEX-295P|CS6X-300P|
Nominal Maximum Power (Pmax) | 280W 285W 290W 2095W 300W Temperature Characteristics
Optimum Operating Veltage (Vmp) | 35.6V 35.8V 35.9V 360V 36.1V Pmax |-0.43%°C
Optimum Operating Current {Imp) 7.86A 796A B.O8BA B.A9A B.30A Temperature Coefficient | Voc  [-0.34 %rC
Open Circuit Vallage (Voc) 44 2V 44,3V 444V 445V 44 6V Isc  |0.065 %/C
Shart Cireuit Current (1sg) 8.42A B.53A BE4A 8764 B.ATA Normal Operating Cell Temperature| 4542°C
Madule Efficiency 14.59% 14.85% 15.11% 15.37% 15.63%
Operaling Temperature -40°C—+85°C Performance at Low Irradiance
Maximum System Voltage 1000V (IEC) OOV (UL Industry leading performance at low irradiation
Maximum Series Fuse Rating 154 environment, +95.5% module efficiency from an
Application Classification Clase A irradiance of 1000w/m® to 200w/m’
Power Tolerance 0~ +5W (AM 1.5, 25 )

Under Test & (8TC)ef of ’, M 1.5and el of 25T
NOCT Csax-280Plcsex-2a5Pcsex-200Acsex-28sPlcsexaooe] ENgineering Drawings
MNominal Maximum Powear (Pmax) 203W 207TW 210W 214W 218W
Optimum Operating Veltage (Vmp) 325V 327V 32.9v 328V 32.49v
Oplimum Operaling Current (Imp) 6.25A 6.33A 6424 B.51A B.61A -
Open Circuit Voltage (Voc) 406V 40.7V 40.8v 40.9V 41.0v ”I ]
Short Circuil Gurrent (Isg) 6824 | 601A | 700A | 7.10A | 7.19A Il I

Under Normal Operating Cell p , of 800 Wim*, sp M 1.5, amblent 0T, L] ]

wind speed 1m/s

Mechanical Data

Call Type Paoly-crystalling 156 x 156mm, 2 or 3 Busbars 4 H ]
Call Armngement T2 (6x12) {1 L
Dimensiong 1954 x 982 x 40mm (76.93x 38.7 x 1.57in) [l L]
Waight 23kg (50.7 Ibs) H 1
Franl Cavar 3.2mm Tempered glass M 0
Frame Mataral Anodized aluminium alloy N T
J-BOX |P65, ddiodes e -
Cable Amm*(IEC)H 2ANWG{UL), 1150mm =
Canneclors MC4 or MC4 Comparable

Standard Packaging (Modules per Pallet) 24pes y

Madule Pieces per container (40 fi . Container) 528pcs (40°HQ)

I-V Curves (CS6X-290P) |

Serhion Adh E

350

| e SR

4.0

—— 1000w

2 ——somw

! ge without prior notice.

About Canadian Solar

Canadian Solar Inc. is one of the world's largest solar Canadian Solar was founded in Canada in 2001 and was
companies. As a leading vertically-integrated successfully listed on NASDAQ Exchange (symbol: CSIQ) in
manufacturer of ingots, wafers, cells, solar modules and MNovember 2006. Canadian Solar has module manufacturing
solar systems, Canadian Solar delivers solar power capacity of 2.05GW and cell manufacturing capacity of 1.3GW.
products of uncompromising quality to worldwide
customers. Canadian Solar's world class team of
professionals works closely with our customers to
provide them with solutions for all theirsolar needs. Headquarters | 545 Speedvale Avenue West

Guelph | Ontario N1K 1E6 | Canada

Tel: +1519 837 1881

Fax:+1519 837 2550

inquire.ca@canadiansolar.com
www.canadiansolar.com

ENReov 350 Copyright & 2012 CanadanSdarine.

N http://www.canadiansolar.com/down/en/MaxPower CS6X-P_en.pdf


http://www.canadiansolar.com/down/en/MaxPower_CS6X-P_en.pdf
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Datasheet SUNNY CENTRAL 500CP-US / 630CP-US / 720CP-US / 750CP-US / 850CP-US

SUNNY CENTRAL

e

R it
(D
ﬂ-,}g?i"i i

Economical Efficient Flexible Reliable
= Senvings in balanceof sysemcosts | | = Highest effdoncy in i power el ||+ Configuable DC vafinge mnge  Ecsy and sk nstallafian and with
due 1o 1,000 ¥ cpemating weltoge = [Full nominal power ot ambient = Insegrated AC disconned for large, separate connection area
= Cutdoor enclosure alows fr fomperatures up to 50 "C REC 201 1 comglionce = Powerful grid manogement
direct field deployment = 10% addfional power far = Opticnal DC discannects functions {incl. LVET and Frequency
= Smal footprint aond Bght weight for «continuous opendtion at ambient Rida Throwgh]
easy shipping and installofion semperatures up o 25 O = Full UL1741 and IEEE 1547
SUNNY CENTRAL e

500CP-US / 630CP-US / 720CP-US / 750CP-US / 800CP-US

UL listed for commercial and utility-scale projects

The Sunny Central CRUS series delivers outstanding performance. In combination with an extemal fransfarmer, the Sunny Central
CPAUS can be connected to any utility grid or thresphase commerdial service whils directy providing grid manogement funcions.
The CPUS famity is UL listed at 1,000 DC and features an integrated AC disconnect in accordance with MEC 2011 requirements.
Both the outdoor endasure with the OpfiCoal™ cooling conceptand the separate connection area ensures simple installation while
mazimizing retums. With o peak effidency of 9B.7 percent, it outperforms ol other imveriers in its dlass. The Sunny Ceniral CPIS
can alse be infegrated with the Power Hant Cantroller as well os the Mediumvolioge Power Hlatfem for utiiyscale applicafions.



Technical data

Input (DC]

Mazx. DC power (@ cos = 1)

Maz. input voltage!

MPP voltoge range [@ 25 °C /@ 50 *Cat 60 Hz)
Rated input voltage

Mazx. input current

Min_ input voltage / Vi Ot bar = I

Mumber of independent MPP inputs

Mumber of DC inputs

Oulput [AC)

Rated power (@ 25 *C) / nominal AC power (@ 50 *C)
Rated grid voltage / nominal AC voltage range

AC power frequency / range

Rated power frequency / rated grid voltage

Max. cutput current

Maz. total harmenic foctor

Power factor of rated power / displacement power foctor adjustable
Feed-n phases / connection phases

Efficiency’

Max. efficiency / European weighted efficiency / CEC efficiency
Protactive devices

DC disconnect device

AC disconnect device

DC overvoltage profection

Grid manitaring

Groundault monitoring

Ungrounded PV array*

Lightning protection

Insulation menitaring

Surge amesters for auxiliary power supply

Protection class / overvoltage category

General data

Dimensions (W / H / D]

Weight

Cperafing temperature range

Moise emission®

Mazx. self-consumption (in cperation) / seltconsumption [at night}s
External auxliany supply voltage

Cocling concept

Degree of protection: elecironics / connection area
Degree of protection

Application

Max. permissibla value for relative humidity (non-condsnsing)
Max. operafing alfitude cbove mean sea lavel
Fresh-air consumplion (inverter)

Features

DC connection

AC connedtion

Display

Communication / prafocals

Communication with Sunny String-Aeniter
Transformer for ausiliany power supply

SCCOM

Color of enclosure, doar, base, roof

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

Certificates and approvals [more available on request)

® Standard equipment  © Opfional features  — Mot available
Type designation

Sunny Central
500CP.US

560 kW
1000V
430V - 820V / 430V - 820V 12
480V
1250 A
429y
1,6-9
550 kVA / 500 kVA
270V / 243V - 297V
50 Hz, 60 Hz / 47 Hz ... 63 Hz
50 Hz, 60 Hz / 270V
1176 A
<3%
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Sunny Central
630CP.US

713 kW
1000 V
500V - 820V / 500V - B20 V2
550V
1350 A
498V
1,6-9
700 kVA / 630 kVA
15V 284V - 347V
50 Hz, 60 Hz / 47 Hz ... 63 Hz
50 Hz, 60 Hz / 315V
1283 A
<3%

1/ 0.8 leading - 0.6 lagging

a/3

98.5%/983%/980%

3/3

985%/98.3%/980%

DC contoctor
AC circuit breaker
Surge Arrester Type ||
[ ] L]
a [s]
a [s]

lightning protection level Il
]

(]
/N

lightning protection level Il
(]

L]
(VA

2562 / 2279 / 956 mm (101 / 90 / 38 inches)

1800 kg / 4000 b
25*C_.+50*C/-13°F..+122 °F
40 dblA)

1700 W /<100 W
230 / 400V [3/N/PE]
OptiCool
MNEMA 3R / MEMA 3R
AC2, 452
In unprotected outdoor environments
15% . 95%

2000 m
3000 m3/h

Ring terminal lug / cage damp
Ring terminal lug / cage damp
o

Ethermet [opiical fber opfional), Modbus
RS485
o
L]

1800 kg / 4000 Ib
25°C_..#50°C /13 °F_+122 °F
40 dblA)
1700W /< 100W
230/ 400V [3/N/PE)
OptiCocl
INEMA 3R / MEMA 3R
AC2, 452
In unprotected outdoor environments
15% __95%

2000 m
3000 mi/h

Ring terminal lug / cage clamp
Ring terminal lug / cage clamp
o

Ehemet [opfical fiber optional], Modbus
RS485
o
[ ]

RAL9016 / 9016 /7005 / 7004

e/ofofofo

e/o/o/fo/0

EMC conformity according to FCC, Part 15, Class A, UL 1741,
UL 1998, IEEE 1547

SC 500CP-US-10

SC 430CPUS10



Sunny Central
720CPUS

808 kW
1000V
525V - 820V / 525V - B20V 2
565V
1600 A
515V
1,6-9
792 kVA / 720 kVA
324V 292V - 356V
50 Hz, 60 Hz / 47 Hz ... 63 Hz
50 Hz, 60 Hz / 324V
1411 A
<3%

3/3

FBO%/FBA%/98.0%

Sunny Central
750CPUS

853 kw
1000V

545V - 820V / 545V - B2OV 2

595V
1600 A
545V
L6-9
825 KVA / 750 kVA
342V / 308V - 376V
50 Hz, 60 Hz / 47 Hz ... 63 Hz
50 Hz, 80 Hz / 342V
1411 4
<3%
1/ 0.8 leading - 0.8 lagging
3/3

PB.6%/F8.4% /98.0%

Sunny Central
BOOCP-US

898 kw
1000V

570V - 820Y /570 V - 820V 12

620V
1600 A
568V
6-9
B80 KvA / B0O VA
360V / 324V - 398V
50Hz, 60 Hz / 47 Hz ... 63 Hz
50 Hz, 60 Hz / 360V
1411 A
=3%

3/3

BTN/ 9B A%/ PBS%

DC contactor
AC circuit breaker
Surgs Arrester Type
L L) L
Lol o (=]
Lol (=] (=]
Lightning protection leval il lightning protection level Iil lightring protection level Il
a o a
L] . L]
I/ 1/ 1/
2562 /2279 /956 mm (101 / 90 / 38 inches)
1800 kg / 4000 Ib 1800 kg / 4000 b 1800 kg / 4000 Ib
25°C..+50°C/-13°F._+122°F  25°C..+50°C/-13 °F _.+122 °F 25°C..+50°C/-13 °F .. +122 °F
60 dblA) 60 db(A) 61 db(A)
1700 W /100 W 1700W /<100 W 1700W /<100 W
230 / 400V (3/N/PE) 230 / 400V (3/N/PE) 230 / 400 V (3/N/PE)
OptiCool OpiiCool OptiCool
NEMA 3R / NEMA 3R NEMA 3R / NEMA 3R NEMA 3R / NEMA 3R
4C2, 452 4C2, 452 4C2, 452
In unp d outdoor In unp d outdoor In unp d outdoor
15%...95% 15%...95% 15%...95%
2000 m 2000 m 2000 m
3000 m¥/h 3000 m3/h 3000 m*/h

Ring terminal lug / cage clamp
Ring terminal lug / cage clomp
o

Bhemet (opfical fiber optiondl], Modbus

RS485
o
.

e/0/0/0/0

Ring terminal lug / coge clamp
Ring terminal lug / coge clamp
o

Ehemet (opficd fiber optional], Modbus
RS485
o

L]
RAL9016 / 9016 / 7005 / 7004
e/o0/o0/0/0

Ring terminal lug / coge clamp
Ring terminal lug / cage clamp
o
Ethemet [oplical fiber opional), Modbus
RS485
o
L

e/o/0/0/0

EMC conformity according to FCC, Part 15, Class A, UL 1741,

SC 720CPUS-10

' At1.00 Usgnmand cos = 1

UL 1998, IEEE 1547

SC 750CPUS-10

2 The inverter will rack MPP to 850V before self-protecting
3 Measured efficiency includes all cuxiliary power

4 Induded in the inverter’s UL lisfing

5 Sound pressure level at a distance of 10m
¢ Self-consumption at rated operafion

SC 800CPUS-10
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U1 : http://www.sma-america.com/en_US/products/grid-tied-inverters/sunny-central/sunny-

central-500cp-us-630cp-us-720cp-us-750cp-us-800cp-us-850cp-us-900-cp-us.html


http://www.sma-america.com/en_US/products/grid-tied-inverters/sunny-central/sunny-%09%20%20%20central-500cp-us-630cp-us-720cp-us-750cp-us-800cp-us-850cp-us-900-cp-us.html
http://www.sma-america.com/en_US/products/grid-tied-inverters/sunny-central/sunny-%09%20%20%20central-500cp-us-630cp-us-720cp-us-750cp-us-800cp-us-850cp-us-900-cp-us.html
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Discrete cash flow: compound interest factors 8 % / 10% / 20%
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8% Table 13 Discrete cash flow: compound interest factors 8%
Single Payments Uniform-Series Payments Uniform Gredient
Compound Amount Present Worth Sinking Fund Compound Amount | Capital Recovery Present Worth Gredient Present Gredient Annual
FIP PF AF FiA AP F/A Worth PIG Sernes AIG
1 1.0800 0.9259 1.00000 1.00000 1.08000 0.9258
2 1.1664 0.8573 0.48077 2.08000 056077 1.7833 0.8573 0.4808
3 1.2597 0.7938 0.30803 3.24840 0.38803 24450 0.9487
4 1.3605 0.7350 0.22192 4.50611 0.30192 3.312 46501 1.4040
5 1.4693 0.6808 0.1 5.86660 0.25048 7.3724 1.8485
& 0.13632 7.33583 021832 105233 22783
7 0.11207 0.19207 14.0242 26937
2 1.8509 0.5403 0.08401 017401 17.8061 3.0985
2 1.9990 0.5002 0.08008 12.48756 0.16008 62469 21.8081 3.4910
10 21589 0.4632 0.06903 1443656 0.14803 6.7101 25.9768 38713
11 23318 0.4289 0.06008 16.64548 0.14008 7.1380 30.2857 42385
12 25182 0.3971 0.05270 168.97713 0.13270 7.5361 34,6339 45857
13 27196 0.3677 0.04652 21.49530 0.12 7.9038 39.0463 49402
14 29372 0.3405 0.04130 2421492 0.12130 32442 43.4723 5.2731
15 31722 03152 0.03683 0.11883 85585 47 8857 55845
18 34259 0.2919 0.03298 0.11298 8.8514 52.2840 59048
17 3.7000 0.2703 0.02963 0.10263 9.1216 56.5883 6.2037
18 3.9960 0.2502 0.02670 9.3718 60.8426 6.4920
13 43157 02317 0.02413 4144826 98036 850134 6.7697
20 46610 0.2145 0.02185 4576196 9.818 69.0898 7.0389
21 5.0338 0.1987 0.01983 0.09983 10,0168 73.0629 7.2840
2z 0.1839 0.01803 0.02803 10.2007 76.9257 75412
23 0.1703 0.01642 0.09642 10.3711 806726
24 63412 0.1577 0.01498 0.09488 05285 84 2997 8.0066
25 6.8485 0.1460 0.01368 0.09368 06743 87.8041
28 7.3964 0.1352 0.01251 0.09251 0.8100 91,1842 84352
ey 0.1252 0.01145 0.09145 0.9352 94 4330 86383
28 0.1159 0.01048 9533883 0.02049 1.0561 97 5687 8.8288
23 0.1073 0.00962 103.96594 0.08962 11.1584 100.5738 2.0133
30 0.0994 0.00833 113.28321 0.08883 11.2578 103.4558 9.1897
# 10.8677 0.0920 0.00811 123.34587 0.08811 11.3498 106.2163 93584
3z 11.7371 0.0852 0.00745 13421354 0.08745 11.4350 108.8575 95187
33 12,6760 0.0789 0.00685 145.95062 0.08685 11.5139 111.3819 9.6737
34 13.6901 0.0730 0.00630 158.62667 0.08630 11.5869 113.7924 98208
35 14.7853 0.0676 0.00580 172.31680 0.08580 11.6546 116.0820 9.9611
40 21.7245 0.0460 0.00386 259.05652 0.08386 11.9246 126.0422 10.5699%
45 31.9204 0.0313 0.00258 386.50562 0.08259 12.1084 133.7331 11.0447
50 489016 00213 0.00174 573.77018 0.08174 122335 1395928 11.4107
55 68.9138 0.0145 0.00118 84892320 0.08118 12.3186 144.0065 11.6902
E0 101.2571 0.0099 0.00080 1253.21330 0.08080 12.3766 147.3000 11.9015
65 148.7738 0.0067 0.00054 1847 24808 0.08054 1241860 1497387 12.0602
o 218.6064 0.0048 0.00037 2720.08007 0.08037 124428 151.5326 12.1783
75 321.2045 0.0031 0.00025 400255662 0.08025 12,4611 1528448 12.2658
80 471.9548 0.0021 0.00017 5B886.93543 0.08017 124735 153.8001 12.3301
85 B833.4565 0.0014 0.00012 885570611 0.08012 124820 154 4925 12,3772
20 10189151 0.0010 0.00008 12723.93862 0.08008 124877 154.9825 12.4116
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10% Table 15 Discrete cash flow: compound interest factors 10%
Single Payments Uniform-Series Payments Uniform Gredient
Compound Amount | Present Worth Sinking Fund Compound Amount | Capital Recovery Present Worth Gredient Present Gredient Annual
FiP PF AF FiA AP PIA Worth PIG Series A/G

1 1.1000 0.8091 1.00000 00000 1.10000

2 1.2100 047619 2.10000 0.57619 0.5264 04762
3 1.3310 0.30211 3.31000 0.40211 23291 0.9366
4 1.4841 0.6830 0.21547 484100 0.31547 43781 1.3812
5 1.6105 0.6209 0.16380 6.10510 0.26380 3.7908 6.8618 1.8101
6 0.12961 0.22981 43853 96842 22236
T 0.10541 0.2054 48834 12,7631 26216
8 0.08744 11.43589 16.0287 3.0045
9 0.07364 13.57948 19.4215 3.3724
10 0.06275 228913 3.7255
1 0.053%6 26.3963 4.0841
12 0.04676 299012 43884
13 0.04078 33.3772

4 0.03575 36.8005
15 0.03147 40,1520
16 0.0z27ez 434164

T 0.02466 45.5819
i 0.02183 49 6395 6.0521
19 0.01855 52.5827 6.2861
20 0.01746 55.4069 6.5081
el 0.01562 6.7189
22 0.01401 6.9189
23 0.01257 7.1085
24 0.01130 7.2881
25 0.01017 74580
26 0.0833 0.00816 76186
E 0.0763 0.00826 04
28 0.0833 0.00745 78137
2 0.0630 0.00673 5.0489
30 0.0573 0.00608 81762
&3] 0.0521 §.2962
32 0.00487 5.4091
33 0.00450 85152
3 0.00407 5.6149
35 0.00368 271.02437 8.7086
40 0.00226 442 59256 9.0962
45 0.00138 718.90454 010138 9.3740
50 0.0085 0.00086 0.10086 9.5704
55 0.0053 0.00053 0.10053 9.7075
&0 0.0033 0.00033 0.10033 9.8023
85 0.0020 0.00020 0.10020 9.8672
0 TE9.74T0 0.0013 0.00013 010013 99113
i3 1271.8954 0.0008 0.00008 0.10008 9.9410
50 2048.4002 0.0005 0.00005 0.10005 99,5606 9.9609
85 0.0003 0.00003 0.10003 99.7120 9.9742
30 0.0002 0.00002 0.10002 99.8118 9.95831




140

20% Table 22 Discrete cash flow: compound interest factors 20%
Single Payments Uniform-Series Payments Uniform Gredient
Compound Amount | Present Worth Sinking Fund Compound Amount | Capital Recovery Present Worth Gredient Present Gredient Annual
FiP PF AF FiA AP PIA Worth PIG Series A/G
1 1.2000 0.8333 1.00000 1.00000 20000
2 1.4400 06844 0.45455 2.20000 0.65455 06544 04545
3 1.7280 05787 0.27473 3.64000 0.47473 2.1065 1.8519 0.5791
4 20736 0.4823 0.18629 5.36800 3.2986 2742
5 2.4883 0.4018 0.13438 744160 0.33438 49061 6405
6 2.9860 03343 0.10071 3.3285 8.5806 9788
T 0273 0.07742 8.2551
8 02328 0.06061 9.8831
9 01838 0.04808 40310 11.4335 2.5364
10 B.1917 01815 0.03852 12.8871 3.0739
1 7.4301 1248 0.03110 14.2330 3.2893
12 8.9181 0.0 15,4667 34841
13 0.02062 16.5883 3.6597
4 0.01689 17.6008 3.8175
15 0.01388 18.5095 3.9588
16 0.0541 0.01144 47296 18.3208 4.0851
T 0.00944 47746 200419 41976
18 0.00781 8122 20.6805 42975
19 0.0313 0.00646 48435 4.3861
20 0.026 0.00536 4 8896 44643
2 0.0217 0.00444 45334
22 0.0181 0.00369 4.5841
3 0.0151 0.00307 48475
4 0.0128 0.00255 46943
25 0.0105 0.00212 234276 47382
0.0087 0.00176 236460 47708
0.0073 0.00147 238353 4.8020
28 0.0081 0.00122 23 48291
8 197.8138 0.0051 0.00102 241408 48527
30 0.0042 0.00085 24 2628 4873
3 284 8518 0.0035 0.00070 24,3681 4.8908
32 0.0029 0.00059 24 4588 4.9061
33 0.0024 0.00049 24 5368 49184
34 0.0020 0.00041 24 6038 4.9308
35 0.0017 0.00034 24 6614 4.9408
40 0.0007 0.00014 0.20014 248468 49728
45 3657 0.0003 0.00005 0.20005 249316 49877
50 9100.4382 0.0001 0.00002 0.20002 24 9698 49945
55 22644.8023 0.0000 0.00001 0.2000 24 9868 4.9976
&0 56347.5144 0.0000 0.00000 0.20000 249842 49988
A
NN http:// www.widebase.net/resource/ reference.php?expand=vbafn&ref grp sub=vbafnfin
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