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,Photovoltaic systems and
wind power plants ”
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SWIATOWA PRODUKCJA OGNIW/MODULOW

30
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15

B Rest of World
BUnited States

B Malaysia
O Japan
BEurope
E Taiwan
B PR China

10

_==iE |

2000

2005

2006

2007 2008 2009 2010 2011

zrédto: Photon International [Pho 2012], PV News [Pvn 2012] and own analysis)
PV Status Report 2012 — Renewable Energy Unit (Ispra) [www.jrc.ec.europa.eu]
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Evolution of global cumulative installed capacity2000-2011
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Najbardziej sprawne ogniwa fotowoltaiczne

Rodzaj ogniwa E; of cell  E; of module Producent
[%] [%]
Crystalline Si Mono-crystalline (Cz-Si) 24,7 22,7 SunPower — USA [3]
Poly-crystalline 20,3 18,6 Mitsubishi — Japan [4]
(mc-Si)
Micro-crystalline (uc-Si) 11,7 10,9 Sanyo - Japan [1]
Ribbon (R-Si) - 13,4 Evergreen - USA [5]
HIT 21,8 17,3 Sanyo — Japan [2]
High-performance GaAs 25,8 - -
InP 21,9 - -
GalnP,/GaAs 39,3 - -
Thin-layer CdTe 16,5 10,1 First Solar — USA [2]
CIGS 19,5 12,2 Solibro - Germany [1]
Amorphous Si (a-Si) 10,1 7,5 NES - China [6]
Organic Polymer 5,1 1,8 Konarka - USA [6]

Photochemical Dye — Gratzel 11,4 11,1 Sharp - Japan [3]
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Jak duze s3 instalacje fotowoltaiczne
na swiecie ?

Jakie mamy instalacje w Polsce ?

Ciekawe praktyczne zastosowania
modutow PV
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Najwieksze elektrownie fotowoltaiczne na swiecie

250MW | B=ysA, Yuma County, Az | 2012
214 MW ss=sIndia, Charanka 2012
1asMwp | B 2012
Neuhardenberg
| 128 MWp | !Germany, Templin . 2012
115MWp | B BFrance, Toul-Rosieres | 2012
105.56 MWp | ¥\ raine, Perovo 2011
97 MWp ¥*lcanada, sarnia 2009-2010
91MWp -Germany, Briest 2011
84.7MWp | BGe any Finowfurth | 2010-2011
g42Mwp || | iltaly, Montalto di 2009-2010
| Castro

Zrodio:www.pvresources.com
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100 mieisce 1000 miejsce

1.64 MW CHACHOENGSAO - Tajlandia

10.8 MW MAGACELA - Badajoz,
Hiszpania

Zrodio:www.pvresources.com
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System 4 MW zintegrowany z siecig nad tunelem kolejowym Amsterdam
— Bruksela

' ] LABORATORIUM 'M

16 000 modutow
Moduty Cz-Si 245 Wp
firmy Jinko Solar
Dtugosé systemu 3.4 km

Koszt systemu 19.8 min USD
Produkcja 3.3 GWh na rok

Koszt 1 Wp w systemie PV - 5.05 USD

Produkcja 3300000 kWh x 0.2 Euro = 660 000 Euro/rok
19.8 min USD / 0.8 min USD = 25 lat — zwrot kosztow

Photon International, 12, (2010)


http://www.photon-magazine.com/news_archiv/zoom.aspx?cat=News_PI&sub=europe&pub=4&id=1469
http://www.photon-magazine.com/news_archiv/zoom.aspx?cat=News_PI&sub=europe&pub=4&id=1469

8

LABORATORIUM
FOTOWOLTAICZNE
IMIM - PAN

System autonomiczny PV o0 mocy 272 kWp

3

BOZEN - Wiochy
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Mapa instalacji odnawialnych zrodet energii w Polsce

[ map | satellite | Hybrid |

Kaunas

Kaliniggrad o
Marija leo
arijampole : AIYDtus

: U =
oDresden a #
&4
.pr.a.gue b %
o
o

Qzech Republic

Brno |

oMighalovce

Slovakia
EEZ ~Vienna

s Tmava . Kaosice
Gosgle,, T W W o »
5 Map data @292 GISinnovatsis? DATA+ o 1s-DE/BKG (©2009), ~erms of Use

Zrodto: gramwzielone.pl
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Ciekawe projekty fotowoltaiczne w Polsce

[0 Witadze Jaworzna chca przeznaczyc pod fotowoltaike poprzemystowa hatde
oraz jedng z gminnych dziatek.

Fotowoltaika to jedna z niewielu szans na zagospodarowanie i czerpanie zyskéw z
hatdy. Miasto chce jg udostepni¢ inwestorowi sprzedajgc lub dzierzawigc teren,
ale rozwaza takze udziat w partnerstwie publiczno-prywatnym.

Dziatka, ktorg wtadze Jaworzna chcg przeznaczy¢ pod produkcje energii
stfonecznej, zajmuje 20 ha, co oznacza, ze mozna na niej zmiesci¢ farme
fotowoltaiczng o mocy nawet 10 MW. Co istotne, w poblizu znajduje sie stacja
transformatorowa.

Zrodto: gramwzielone.pl
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Ciekawe projekty fotowoltaiczne w Polsce

[0 Witadze Jaworzna chca przeznaczyc pod fotowoltaike poprzemystowa hatde
oraz jedng z gminnych dziatek.

Hatda Pitsudski to nie jedyne miejsce, ktore magistrat Jaworzna chce przeznaczy¢
pod farme fotowoltaiczng. Takg inwestycje rozwaza takze na jednej z gminnych
dziatek o powierzchni 4 ha, na ktérej mozna zbudowac instalacje fotowoltaiczng
o mocy okoto 2 MW. W tym wypadku inwestorem ma by¢ wytgcznie jedna z
miejskich spoétek, a jak informuje na tamach "Dziennika Zachodniego" Tomasz
Tosza z Urzedu Miasta Jaworzna, energia produkowana przez panele
fotowoltaiczne zasilataby m.in. miejskg infrastrukture transportowg - w tym
nowg linie tramwajowg oraz stacje tadowania elektrycznych autobusow
miejskich.

Zrodto: gramwzielone.pl
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Ciekawe projekty fotowoltaiczne

ey troonegllein 9 mgpuTiegn

Futurystyczne
samochody
przysztosci
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Ciekawe projekty fotowoltaiczne

33

Autonomiczne
systemy PV
oswietlenia
przestrzeni
uzytkowej
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System fotowoltaiczny zainstalowany przez
Centrum Fotowoltaiki na Gmachu Wydziatu
Inzynierii Srodowiska przy ulicy Nowowiejskiej
na terenie kampusu Politechniki Warszawskiej

System zintegrowany z siecig
System PV z modutéw a-Si i mc-Si 0 mocy 53 kWp
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System

fotowoltaiczny “Wierzchostawice”
zainstalowany przez

gmine na gruntach gminnych

1MWp docelowo 3 MWp
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Ciekawe projekty fotowoltaiczne w Polsce
Przyktady zastosowania systemow PV przez Sity Zbrojne RP
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Ciekawe projekty fotowoltaiczne w Polsce
Przyktady zastosowania systemow PV przez Sity Zbrojne RP

 Kamera $ledzaca




1. Rodzaje systemow
fotowoltaicznych - autonomiczne i
zintegrowane z siecia
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KONCEPCJE SYSTEMOW PV
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KONCEPCJE SYSTEMOW PV

7/

N S
v System
Systert\ System zintegrowany
wolnostojacy dachowy z budynkiem

swobodny BIPS
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Vi

System
nadazny

Vi

System
do aplikacji
W przestrzeni
kosmicznej
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System nie gromadzgcy energii

Modut
fotowoltaiczny

Odbiornik
energii

SLONCE elektrycznej

Regulator
napiecia
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KONCEPCJE SYSTEMOW AUTONOMICZNYCH
System autonomiczny DC

 SOLAR CHARGE
.~ "CONTROLLER
12V/24V 15A

L U e i
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KONCEPCJE SYSTEMOWAUTONOMICZNYCH
System autonomiczny AC

INE WAL INVERTER
JLAN

Inwerter

(7Y
1

Bt
’ 12V/24V 15A

gM_ LB GL_




A LABORATORIUM '“
| [ | FOTOWOLTAICZNE
~L—Jimim - paN '“

Systemy dotaczony do sieci — (,,Grid conected”)

INVERTER
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Aplikacje

Kalkulatory
Wagi
Telefony
Zegarki
ZabawkKi

Lampy
Wentylacja
Y.odzie
Numery
Latarki

Aplikacje

przemyslowe

Telekomunikacja
Sygnalizacja
Latarnie morskie
Ochrona katodowa
Monitoring
Schroniska gorska
Zasilanie awaryjne

Odlegle

domostwa

Oswietlenie

TV i radio

Stacje
akumulatorowe
Uzdatnianie wody
Nawodnienie
Chlodzenie
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3

ystemy dolaczone do sieci

Zcentralizowane

Rozproszone

Dachy

Elektrownie

Szkoly

Fasady

Parkingi

Ciagi transportowe
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Taryfa zasilajgca w Europie

Rodzaj systemu PV Moc systemu Wartos¢ taryfy
zasilajacej
Szwaijcaria Wolnostojacy <10 kWp 0.39 E/kWh PVMagazine
2,(2008), str.24
> 100 kWp 0.30 E/kWh
BIPV <10 kWp 0.55 E/kWh
> 100 kWp 0.38 E/kWh
Butgaria Dowolny <5kWp 0.44 E/kWh PVMagazine
8,(2009), str.29
>5 kWp 0.41 E/kWh
Czechy Dowolny <30 kWp 0.46 E/kWh
> 30 kWp 0.45 E/kWh
Niemcy BIPV <30 kWp 0.33 E/kWh
> 30 kWp 0.31 E/kWh
> 100 kWp 0.29 E/kWh
21 MWp 0.24 E/kWh
Wolnostojacy Dowolna 0.24 E/kWh
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System zintegrowany dotaczony do sieci
1-10 kW
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Elektrownie PV dotgczone do sieci

10 kW = 100 MW

1 MWp - 2 do 3 hektary
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Elektrownie PV dotaczone do sieci
10 kW =100 MW

3

Systemy nadazne

Wydatek > 20 % Zysk energii - 35 %
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Lokalne systemy autonomiczne PV
200 W = 5 kW
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Autonomiczne systemy przemystowe
100 W = 10 kW
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Male systemy uzytkowe
10 W -500 W




2. Podstawy obliczen parametrow
instalacji
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Program Pcl-D

Program Pc1-D wykonany przez:
Photovoltaics Special Research Centre
University of New South Wales
Sydney, NSW 2052 Australia

pozwala na obliczenia numeryczne wszystkich podstawowych
parametrow przyrzadow potprzewodnikowych w tym ogniw
fotowoltaicznych
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Program Pc1-D

Dane wejsciowe Program do analizy Wyniki symulacji

Napigcie obwodu otwartego ogniwa

Rezystywno$¢ materialu bazowego U
(0103

Koncentracja domieszki

w podiozu N, Prad obwodu zwartego ogniwa |

Koncentracja domieszki na

- . Sprawno$¢ przetwarzania
powierzchni N P P 7

Czas zycia nosnikOw w obszarze

typu n 7, oraz typup z, PC1D v 5.4 Moc maksymalng ogniwa P,,,

Predkos¢ rekombinacji
powierzchniowej
Parametry warstwy ARC

Charakterystyka pragdowo
napig¢ciowa |-U

Parametry warstwy BSF
Widmo mocy promieniowania Charakterystyka mocy ogniwa
padajacego na ogniwo
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Program Pcl-D

W odpowiedzi na zapotrzebowanie wielu
osrodkow badawczych zajmujgcych sie
technologig struktur fotowoltaicznych
opracowano profesjonalne narzedzia
umozliwiajgce modelowanie wptywu
parametrow materiatéw oraz
poszczegodlnych operacji technologicznych,
na sprawnosc przetwarzania energii
stonecznej na elektryczng. Jednym z takich
narzedzi jest program PC1D wersja 5.4,
opracowany w Sandia National
Laboratories

em Puvowerrs- KCID g ook TR Em——— E e N

e Devce Botsteny Corpute Guph Vien Optero  Hep

File: INew Paraweerery)
(Douwble-chick to add a descryptson)

DEVICE
Desice anea: | cor
No x % s
Vo 5

ra
REGION

Thickness: 10 pm

Moteriad from program defaults
Camier mobhities from intemal model
Diedectnc constant 119
Band gap: 1,124 ¢V
lntrinsic cone. at 300 X: 1<10° cm
Refractive mdex: 3,38
Absorption coefl. from intersal moded
Froe camier absorpoion enabled
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Device Schematic
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Program Pcl-D

pozwala miedzy innymi na analize parametrow ogniw
fotowoltaicznych na podstawie wtasciwosci materiatu bazowego
oraz parametrow ztgcza potprzewodnikowego wytworzonego w tej
strukturze.

Inng, wazng cechg programu jest mozliwos¢ analizy parametrow
struktury fotowoltaicznej w oparciu o rzeczywisty profil rozktadu
domieszki w emiterze.
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Schemat przyrzadu potprzewodnikowego — ogniwa fotowoltaicznego

leomnw g | 388 X081 09 AM06l
wid 00 ——————4 am 1ea  ubewWlods Ad0v




@ -

Schemat przyrzadu potprzewodnikowego — ogniwa fotowoltaicznego

leouinw g1 358 X081 09 AX0'GL Device Schematic
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File Device Excitation Compute Graph View Options Help

3

D|e|d| 2| &S] =1\ ][5 ]S, = &

23] [ B 2|2

REGION 1

Thickness: 300 um

Material from si.mat
Carrier mobilities from internal model
Dielectric constant: 11.9 —

Band gap: 1.124 eV

Intrinsic conc. at 300 K: 1x10*° cm™
Refractive index from si.inr
Absorption coeff. from si300.abs 3

Free carrier absorption enabled
P-type background doping: 1.513x10%¢ cm™
1st front diff.: N-type, 2.87x10%° cm~ peak
No 2nd front diffusion
No rear diffusion
Bulk recombination: 7, = 1, = 7.208 us
Front-surface recom.: S model, S, =S, = 1x10° cm/s
Rear-surface recom.: S model, S, = S_ = 1x10° cm/s

Device Schematic

E—
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Programy do symulacji systemow fotowoltaicznych

3

Pvsol
PV-DesignPro
Meteonorm

PV Syst
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Pvsol — Expert / express

998,00 EUR
http://www.valentin.de/

Trzy wersje programu, Prosta wersja Express, Zaawansowana wersja Expert
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METEONORM

(J§l METEONORM Version 6.0 Beta 2
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Zaawansowane dane meteo

450 euro

http://www.meteonorm.com
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Oplion Oplons
Puans chozee ar a3bon
" Preliminary design

Project design
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PV SYST V5.31
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~Option ~Preliminary design- System-

Pre-sizing step of a project, after few clics, without
@ Preliminary design real components. " Grid-Connected
- First evaluation of the system's and component's
sizes,
< = - System yield quick evaluations performed using
" Project design monthly values,

T Pumping

Please do not use these gross estimations for a

presentation to your customer!
C Tools ¢ DC Grid

[=] Exit ¢ 0K
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PV SYST V5.31

3

Option

-

-

= | www:pvsyst.comi

@« Preliminary design

C Project design

“ Tools

File

Help
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@ System
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C Project design Y I
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“ Tools \ ]
2 ] Project
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PV SYST V5.31 [ Project's location
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—FProject

Project name
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PV SYST V5.31 ] ‘;ﬂ Horizon (far Shadings) definition at Gdansk I
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Tilt 30° Azimuth 0°

-

South

Winter Meteo Yield

Tranzposition Factar FT 1.32
Logz by respect to optimurm - -6.13
Global on coll. plane 269 kwh/m_

ﬁ Show Optimization ‘ ﬂ

Tilk[7] |30 :ll

Azimuth [*] [0 :l'

ﬁ Horizon

MNext =




LABORATORIUM
FOTOWOLTAICZNE
IMIM - PAN

PV SYST V5.31

F)‘:ﬂ System Specification

x Cancel

Collector plane onentation

Tilt 30°

~

1.6

1o winter "]

1.0 FTranspos.=1.32

LI L LN B |

0.2l Lossfopt.= -B.1%
0.5
0 30 80 90
Plane Titt

Tilt [*] |30 j

Azimuth [*] |I] :II

Azimuth 0°

1.6
1.4
1.2
1.0
0.2

0. -
-90-50-30 0 30 50 90

Plane orientation

...............................................

................................................

Mext gz
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F;:é' Sun Paths Diagram

Close  Print  Export Format  Solar Time | Polar Coord
Horizon line at Gdansk, (Lat. 54.1°N, long. 18.5°E, alt. 3 m)

Plane: tilt 30°, azimuth 0°

Sun height [7]

80 ———p—r—r——7———T—T—— — 7
Attenuation for diffuse : 0.963 122
and albedo: 0.712 2:22]:12; 22 1y
75 3: 20 apr - 23 aug

4: 20 mar - 23 sep
521 feb - 23 oct
G 15 jan - 22 nov
7: 22 december

Axzimuth [7]

120 150

Winter Meteo Yield

Transposition Factor FT 1.32
Laozz by respect to optimum 613
Global on col. plane 269 KWh/m_

ﬁﬁhow Optimisation | ﬂ

Eé System Specification —a =
Collector plane onientation
Tilt 30° Azimuth 0°
Wes] East
South

Titrl B0 _
%ﬂonzon
Azimuth [1] [0 :I'
X Cancel MNext iz
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'f;_ﬂ' Stand-alone system pre-sizing - Daily use of energy =NRCN X
Conzumption definition by Week-end use ki odel
&+ Year [ Use only during l?'_j days in & week
Load
i Seasonz
™ Months Save

D aily consumptiong
Humber Power Mean Daily use Daily energy

Wj Fluorezcent lamps |4— W dlamp IT b/ day 200 Wh
IEI_j T / Magnetoscope / PC I?E— Wiapp. IT h/day 0 wh
IEI_j Domestic appliances IEI— Wiapp. IW h#day 0 wh
IEI_j Fridge / Deep-freeze W kwhday 0 wh ‘

\ l

1] = Dizh-wazher, Clath-waszher 1.20 Kiwihdday 0 “Wh

Other uzes 1] W bt 0.0 b/ day 0 “Wh

Stand-by conzumers 1] W bk 24h/day 0 “wh

Total daily energy 200 Whiday
? Appliances infio Total monthly energy 6.0 kwh/month

<17 Back x Cancel ok .,/
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@ Stand-alone system presizing project "Stand-alone

system presizing at Gdansk”

File

Help
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"4 Sizing and Results =RRCIN X
Input Data Required Parameters Results
Gdanzk ) ATy RO, power 296 wp
Required autonam 40 dayz 92 .
Plate: tilt = 307, azirmuth =0° b d f j Battery capacity 74 Ah
Required LOL 5.0 ¥ 7
12441 PLH

Ay, daily uze

1.8

0.20

Investment cost
Kiwh/day B attery/zpstem volkage (12 W ﬂ

Energy cost

1690 PLMAM R

2
L 14
12
%3 = 1.0
2
g 0.8
e
Z
o
o 08
0.4
0.2
| 0.0
?

Jan

Load Praject

| | |
Available Solar energy

| I
0.7 K¥Whiday

Users needs 0.2 kWhiday

Feb Mar Apr

Save

May Jun Jul Aug Sep Oct

Frint X Cancel

MNow

Dec  ear

 OK
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[+ Sizing and Results

Input D ata
Gdanzk

Flane: tlk = 30°, azimuth =0°

Ay, daily ze 020

120

Required Parameters

Required autononmy 40 daps ﬂ
Required LOL 20 % ﬂ

Kb day Battery/zpstem voltage |12 W ﬂ

Results

Array nom. power
Battern capacity

[rvestment cost
Energy cost

384 wp
74 Ak

15015 FLN
1929 PLNAMWH

100

&t

ERENSI

40

20

-

Jan

Load Project

T T T T T T
Awverage State of Charge of batteries  &87.1 %
Probabilty of Loss of Load 2.0 %

| |
Feb Mar Apr May Jun Jul Aug

Save Print

x Cancel

| | ]
Oct MNow

Sep

Dec  ear

" 0K
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F4) Sizing and Results =NACN X
Input D ata Required Parameters Results
Gdansk : ATray R, poler 384 Wp
Required aukonar 40 daps 2 .
Plare: tik = 30°, azimuth =0° q d f j Battery capacity 74 Ah
Required LOL 20 x 7
[rvesztment cost 15015 FLH

v 7

Av.dalyuse  0.20 Kwhidy | Batterw/system voltage 12 Eneray cost 19.29 PLN/Kwh
2 Incid. PV avail. | Demand Excess Missing S0C Pr. LOL Fuel
KWhim,.day KWh KWh KWh KWWh % e liter
r

- Jan. 0F 5.4 5.2 0.2 1.1 45 18.1 0.y
o Feb. 15 131 5.6 6.5 0.0 oz 0.0 0.0

®
Mar. 28 264 5.2 15.4 0.0 o5 0.0 0.0
%3 Apr. 44 402 6.0 33.5 0.0 o7 0.0 0.0
— 1 |May 57 546 5.2 a7 T 0.0 97 0.0 0.0
June 53 438 6.0 421 0.0 h] 0.0 0.0
July 53 50.5 5.2 436 0.0 h] 0.0 0.0
Aug. 45 43.0 5.2 35.1 0.0 o7 0.0 0.0
Sep. 3.2 295 6.0 228 0.0 97 0.0 0.0
Oect. 22 211 5.2 141 0.0 o5 0.0 0.0
Nov. 0.g a7 6.0 2.0 0.0 21 0.0 0.0
Dec. 07 6.6 5.2 0.5 0.3 48 54 0.2
? Year 31 349.0 3.0 2686 1.4 a7 20 0.9

Load Praject Save Frinit X Cancel W OF
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'LE' Sizing and Results

o] S

Load Project

Input Data Required Parameters
Gdanzk ]
] ] Required autonomy
Flane: tilt = 30°, azimuth =07
Required LOL
Av dalyuss  0.20 kwhiday || Batter/system voltage |12
4 Economic grozs evaluation
¢ Module cost FLM
(Bt Eattery cost PLM
Regulatar cost FLM
Tranzpart/Fitting FLM
%3 Total investment PLN
Annuities PLM#yr
Maintenance costs PLM #yr
Total Yearly cost PLN/yr
Energy cost PLN/K'Wh
B Theze values should only be conzidered as an order
‘ of magnitude. More precize evaluations will be
n available with detailed zimulation.

Print

Wda}lsﬂ
B % o]

Lh=)

Results

Afray nom. power
B attery capacity

[rvestment cost

384 wp
74 Ak

15015 FLMN
1929 PLMAMK

Energy cost
Currency
Paland PLM |
Hates
Loan

Druration 20 PEATE
Fate LA z

Ann. factor . 0.080

Edit costs

L=

X Cancel

0K

3
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I— 1 Hidden PVSYST Parameter Edition N,

[+ Save modifications for other sessions x Cancel ‘

These parameters should be modified anly by expert users |

Category |Speu:ifi|: Pre-sizing costs [all systems) j

Identifier VYalue
Specific Maintenance caost (5 kKWp and sustern] 20,00 Eurfka

Scale expanential factar [Maounting and Maintenance) H atin

Specific cost of Batteries [/kMWh capacity]

Specific cozt of Begulatar [basiz 500 R |0.80 EurMf
Specific cost of surface purmps |2.00 EurMf
Specific cozt of submerzible (wel] purmpz  [4.50 EurMf

Specific cozt of Cantrallers far purping [baszis 500%  |0.20 EurMf
Specific cozt of Contral/Converters for pumping 11,30 Eur™f
Specific Tranzpart and kMounting costs [stand alone 500 WpR) | (B000.00 ke

Scale expanential factor [Stand-alane maounting and regul.] 070 H atin

Default

v |4

™

< <1 < < % T

q 3
Ll

AN
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~Option 7 Project design 7 (System — —
4 Proiect: E E=nnen
Full-featured study and analysis of a project. it e o 3_-—_ l
g Pre“minary design -Accurgte sy;tem yield computed using detailed * Grid-Connected File Help
hourly simulations,
- Different simulation variants can be performed and
: . compared, + Stand alone
« Prnlect demgn - Horizon shadings, and 3D tool for near shadings
effects study, e -
- Detailed losses analysis, Pumplng
- Economic evaluation performed with real
“ Tools component prices. " DC Grid

[=] Exit & 0K
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{4 Project and Simulation version definitions.

I/Zg{, Project: New Project

~Project’s designation

Project's name INowy Projekt prezentacia JABIL

Customer IJAB|L

Address I

City |Kuvidtzprl

Country l

X Cancel [ New project

The Project includes mainly the geographic SITE definition, and the associated METED hourly file

Date  |2011-0210

Phone |

Fax I

Email

Please define the geographical site
and meteo !

& Load project | | Site and Meteo I

System Variant

A system version includes all Parameters required for a simulation, the Results of the simulation, and an eventual Economic
Evaluation. Within a project, you may construct as many System versions as desired.

=0 Back [Calculation)

Variantn® | New simulation variant

Ll {}f New Yersion

File Help

Simulation




(D o

PV SYST V5.31

1 o Stuntion e Vieteo S | e =B £ prcjct New pojc I

File Help

~Geographical Location and Met

Country IPoIand j Site: IGdansk Meteonorm ‘37 L] & Open |

Meteo File |gdansk_syn4me! : Gdansk, Synthetic Hourly data LI 3% Open | 2 |

x Cancel i : '
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Diecsiced o o

[
% Project: Situation and Meteo

[

3

o for the project'é situation

-Geographical Location and Meteo

Country l Poland

~| site [Gdansk

Metea File [gdansk_syn. met

<1 Back ‘

: Gdansk, Synthetic Hous

Albedo values

li

~Usual values for albedo

Urban situation 014-022
Monthly values Giia 015-025
Jan. M‘ July Fresh Grass 0.26
Fresh snow 0.82
Feb. [020  Aug. [020° e e Wet snow 055-0.75
Mar. [ﬁ_ Sep. [0.20 Dy asphalt 0.09-0.15
4 [020 Ot [o20 ' B3 \éiilc?:f: 3 0.25- g;g
May [ﬁ_ Nov. [0.20 [Default: albeda = 0.2 Red tiles 033
Aluminium 0.85
June rﬁﬁ- Dec. |0.20 New galvanised steel 0.35
Very dity galavanised stee 0,08
- Site-dependent Design parameters
Default
Reference temperatures ﬂ Lawer temperature for Ymardbs limit IT C v
for array design by
respect to the inverter Winter operating temperature for Vmpphax design 'T C v
input voltages .
Usual operating temperature under 1000 /m l? C v
W

Summer operating temperature for Vmpphin design

<1 Back

l X Cancel

v

« 0K




LABORATORIUM
( FOTOWOLTAICZNE
IMIM - PAN

PV SYST V5.31

~Option

“ Preliminary design

“ Project design

“ Tools

File Help

2NN

@ Project |

|i @ Orientation ll

o Horizon

O Near Shadings

@ System

adille1sun
@ Module layout

Stmulation

I exit
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T —————

& o 3 - ¢ s S — - g T
) EZQ, Orientation, Variant "New simulation variant” ‘ L‘Eﬁ'@ﬂ —_—

Field type |Fixed Tilted Plane -

~Field Parameters Tilt 33°

/ West East

Azimuth 11°

s 1o
-

Plane Tilt {33.0 =1
Azimuth {11.0 iJI.

-

¢ ————

Optimisation by respect to 1.0k e
& Yearly iradiation yield §

(\' Summe' [Apr.Sep] 08 ] FT ranspos.= 111 08 — 7
) | Loss/opt.= -0.2% -

" Winter [Oct-tar) P e e - P N [P Il R I I

0 30 60 20 50 60 -30 0 30 60 90
Plane Tit Plane orientation

0K

X Cancel
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PV SYST V5.31 B ) — m— P— = xR
E;e, Near Shadings definition , Vw‘mgw'51mulahqn vam_@l@lg

I
Comment |New shading scene
~Compatibility with Orientation and System parameter
Orient. /System Shadings
Active area Om,_ 0Om,_
Fields tilt 33 Undefined
Fields azimuth 1° Undefined
|
i~ Information
Please build the System Shading Scene [or read it from a
madel file).
Please choose "Perspective” or "Read” button
~Use in simulation
. & Db
(: No Shadings ~Model library Prin
(" Linear shadings
" According to module strings Open
Fraction for electical effect 1UU.Dj % 2 | x Coned)
2R 5 ave
!| ? | ' 0K
—————— il
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Konstruowanie elementow sceny 3D

3
!
4
4— .- "
. 32 -
-~ _,\f
— ~. PRV o
- -~ -
)
pa— R e ~,
4 o -
! >
1.2
L
-
3
)
3

Obsarves Asamth = 3

Obeerver Heght = 20°

2 o U Y|

i

..;_l__.{.__.

/

e e A B Sy L S

\

’

4

-

s

9

[Bddrg cbpctna1

=

[y Berwetary shaing obect =
LA eRan] u 1]

Descopton [Faratebeppede
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—_— - - Bubdrg Descaption [Buddeg cbpct no 1
~ T I’ o= .
> o | maser T % -
B e et Rl -4 .
ST (1 -4 | £ = - -
7 ot PT 3 ~.) - ";"’.'-. Ny -
o ~ Payrs=" 4 SR
A > :‘ = T ~ § X - :
_— g I N, AT 3
7 - ~ | ! D -
. - < B il P e S
® p I “wd e .
m A ~ < [ samaeen et
- 74 Blementary shading object S T B x|
L Y ] | Observer Aomth » 3 Obuerver Hoght = A1 I
s 17| P =1 Qo %] 0 s s (N € g B
]
E Deasorpmon  Huinae + 2saded wil ram:
Ghaps ype
E Wicth K04 800 m
y Leegih ) 1200
Hegnt (02) Iﬁl]) m ’
Floof 18 sngle [%0 P
Gablo eaver 050 m
Laterd navres 050 m |
Poston and Onentation
These valuas me defined when
potinng n (e 30 wcene
= 0w o
Ve 00m Aam oo
T= 0O by et o OY
| |
Con | WA |
X Carcnl ] v O I

Konstruowanie elementow

PN CEETT 3

e y = ™
1| (4 Composed Cbyect Suiding - Bulding obyect no 1 = B '8
| Fie  §5%  Elemerdery ctpert  Ideasure View  Hay

Obsaryer Assuth = 30° Obeerver Height = 20°

sceny 3D

,ﬁmmm

.=“"'

4

et - Obserees N - 2
LA elelad) 1] s || 0 g
Descopton lp,m Parameters
Shaps ps
3 i s u . [Puddepoede ;]
§ B R L [0 =
_- ~< _‘ : Langth (DY) 100 -
TresT Hepton [«

< Pastion and Deinntalion
P These vabues me dobned séen
v poshonng n e 30 scene |
N ®s 0OOm ™ o0
§ PR Ve 00m aan o
B .- Z2a 00m by sespect 1o OY
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Sledzenie zacienienia Eanell stonecznych

- - e - e - T . 1
. ~ T e g -1
S Rt - e i
% - R . - e 1
- et - - e T T
T - e -
- e -
B - L
. P - - —
BN o = —
PR . R —
e . PR =
-, I i
\‘x - T
T -
.d"-‘_’-‘:-\ . —_——
e . -
e . . L
"\_’,_,-r' e - ] . - ’-l
e i BT e e T
- e e - __,,.——-"'h(- L
- s T - T |
N R - - = .
- T - T
e e b - - e | .
Pt . - d W/
. . e ;_F_#,-«sit\
Shadow animation e . - _,«-f""’# i
Day of year amo01z221 - - e ' 5
. —_— s
1.0 r — T . T . L T . A R
| Shading loss on clear day: i e i =l
oel Beam linear loss 25.0% . e . A e
5 T ~ T / e
osk | ‘__,,,—'—/""’F - - L -
1 —— R .-—»"f.",.\
— - e -
» ] . T £
0.4 T e e / ~
o2k i T d_.-—»)’-'\:’ 4 T
. . e .
i N R
0.0 1 1 1 I

s "I.’ ~
- T, s e
L - e ——
8 10 12 14 1€ Date~21/T2/10 15h00 . = - ~
e L me - — -
. j Sun height ; 3
m —I—I Sun azimuth : 417 Shading factor (linear): 0.344 South

Animacja 3D
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E;_é' Near Shadings definition , WVariant "New simulation variant" '

l NN X Eﬂ-' Stand-alone System definition, Variant “MNew simulation variant”

I:IEI&I

Comment 25w on hall, house with chimney and tree

Connpatibility with Orientation and System parameter

Qrient. /System Shadings
Active area 0m, 256 m,
Fields tilt 33* 30*
Fields azimuth 11~ 20"
Wwharhing

The orientation of the collector plane for shadings dossn't
match the one defined in the "Orientation’ parameters of
the F amay.

Please update onientation parameter

" Update Orientation Parameters ‘

Usge in simulation
" Mo Shadings

f* Linear thadings

" According to module strings

% Construction / Perspective

Linear (rough) Shading Factor

=

Pritt

Model library

Open
Save

x Cancel

o 0K

dd

— ee—— e e

Presizing help
Ay, daily needs :

0.2 Kwh/day

Select battery set

Sort Batteries by & voltage

Enter accepted LOL

(" capacity

F =

Enter requested autonarmy ld_ﬁ dalz] ﬂ

ﬂ B attery (uzer) voltage

=]
iz v 2]
Suggested capacity T4 ih
Suggested PY power 288 “#p [nom.)

™ manufacturer

=l ¥

I-I_J r - 1 D]I
| ;

|1__I|_ = -

Select module(s)

Sort modules by % power " technology ™ manufacturer All madules -

! =
=1 === Fleaze choose the battery

L EE . madel Invalid PV
e | . ! module: please

I-I_Jl— o --- check its

1 Modules parameters |

=] Uszer's needs

X Cancel

o 0K = ‘
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i—ﬂl Stand-alone Systemn definition, Variant "New simulation variant”

@ System

Presizing help

Ay, daily needs Enter accepted LOL

frx 2

Battery [uzer] voltage

7 v o

. Suggested capacity 37 Ah
0.2 kwhida Enter requested autanom = day(z]
L . v |8 =1 sl 2 Suggested P power 274w [hom.]
Sort Batteries by &+ voltage " capacity " manufacturer
Select hvEl“El_',F zet |12V 39 Ah Compact Power Oerlikon j
B
Sort Battenes by o« i i i~ 12y 42 5h MK BGZZMF Gel MK Battery
Y (% yoltage capacity manufacturer L ey i MK Bater
- k12 44 5h BE50 - Starti Elect
| 12 39 Ah Compact Power Delikon r 12 50 4k DuslSe Electiona
|12 R2 Ak EBE0 - Starting Electriona
;I - - - - 12y B2 Ah Compact Eower Oerlikon
= v Batteries in sere — :I] Mumber of batteries 1 Battery pack valtage 12y leY 534k E''5 - Starting Electrona
1
. ! [alobal capacity i T
1 :|I 4 - -
Stored energy 0.5 kw'h
Sort modules by power (" technology {* manufacturer Al rodules -
Select module(s) | 70%wp14Y  Simano BP270F BP Solar Manufacturer |
| -~
Sort modules by: & power (™ technology {+ manufacturer |M| modules T T0We 14 Simono BP270L BF Solar M anufacturer
- 70%p 13 Simono EP370 BP Solar Manufacturer |
| 0w 14¢  Simono BF270F BF Solar b anu /x| Bwp1%  Sipoly BP 375 BP SOLAR FPhator Mag, 200;
7B 18y Si-maono BF 475 BP SOLAR Phiotan Mag. 200
= S FEwp 14V Simono BF275F BP Solar M anufacturer
_- v Modules in zenie Please choose the battery 759Wp 14 Simono EP275L EP Solar M anufacturer
=1 rnodel .
I | Array voltage at 50°C S0wp 27 Cdle BP Apallo 980 BF Solar FPhaton Mag. 200~
1 1
4 j v Modules in parallel {— — Array current 16.54
4 Modules Array nom. power [STC)  280%p
= Uszer's needs x Cancel .,/ ] 4 ‘ Hext gz ‘
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?gé Stand alone system - Further parameters e

m@ﬂ

D[{-_l, PV field detailed losses parameter

“You can define either the Field thermal Loss factor or the standard MOCT coefficient:
the program gives the equivalence |

Field Thermal Loss Factor

Thermal Loss factor U =Uc + Uy = Wind vel

00 Wik 9
i} Wwhimk / mis

Constant loss factor Ue

Wwind loss factor Uy

PY array : System i User (load) System summary
; ; Batteries woltage 12
E Array u A:.rray I Array Regulator : Humber of batteries 1
* —‘/q_/ ! EUser
: : Operating battery temp.
| Back-up T Fuse T ! Bat?. : J(l User i
H U Batt. Ch/Disch. .
: ! Fixed temperature |20 °C
H Batteries : User
Py ; '
array H :
H Back-up : Fixed : Operating mode
' generator éTemper. : E reeds .
i I i T ~
: I [ PV Array behaviour for sach $o5s effect
; Collector field, BP2ZTOL rom BP Solar
Regulator

[~ Default regulator

Back-up Generator
[~ “with generatar

=1 Back

1 modules in series, 4 strngs o parallel

(B

Extesnal conditions

|sofaton_lzaler10R -1

e —
W ——————— —

x Can 1

Cumess |4

Inadercn
Inciderce Angle 140
Beon /Gicbd 20 %

Ohmic Loszes | Module guality - Mizmatch ] Soiling Loss ] lak Losses ]

Standard NOCT Factor
Alternative definition:

MOCT coefficient [ C
for "Mominal Operating Callector Temperature''
Temperature of "free" mounted modules in open
circuit, under G=800""m_, Tamb=20"C, “Wind
welocity = Tradz.

MOCT definition

* Open circuit [at oc)

" Loaded [at Pmpp)

2]

x Cancel ‘

o 0K ‘

e —— & Zerbwert Terrpes. |20 C
= . Wind Velocty i n't
. X |
\ ) Lozt wifect
\ \\
T \ \1,' 4 I Norred corditions (25°T)
"I A\ ¥ Modube Qusity Lo
\ \,‘ ¥ Aury el
% 'k“ ¥ Incidence Angls eliect
L \ “
l| 1) ¥ Tarpseshan slisct
\ is ¥ Weang Ohae Loss
" 1 [~ Sewe Dode Lo
\ A
'
'
'
|4
Artay Deses for 200 \Wm, i
— Tred. #2353 °C, Pegpamsy» J29W 1 3
——— Wodsh Qualty Lows \
Modile Viamalch 2 0 %STC 11
- AN (Druse team 40%) | 1}
Module tenpermiure « S26°C s 122 % |
Wing resst. (5 mDhm) kss 1.84% 1
Aeautare Prpp array = 1700 Cetslosa =202 %
S : L & pini
o - 10 15 2
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b @ Project |
i .
§ % /y V\ “ @ orientation ll
) \ 1
B " N ':> i‘ Y
£ N ‘ O Horizon
.'/ , .. '
Y : { : ¢ —= O Near Shadings
(A~
\"’7‘ ' @ System
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\ / - O Module layout
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i’zé, Project: Nowy Projekt prezentacj; JA-BIL - EM

START Symulaciji —
5‘_% Simulation, Variant “MNew simulation variant™ E@ﬂ

Simulation parameters

1

i Hew simulation vanant o L i ]

" ariant @ Qrientation i
M|

@ Project ‘

Project Mo Projekt prezentacia JABI Batten Compact Power lnverter todel i
Site Gdanzk B attery voltage 12 W [ nit power Q.00 Y @ Mo |
Harizon Free Horizon Total capacity 33 ah M urnber .00 A
System Stand alone PP Current 16.5 & M urnber .00 A

| \ [l - Near Shadings
Preliminary definitions Simulation dates \a’r—// @ ;

Optional further definitions, Far ﬂ i
from |1990-01-001  «| v Meteo begi . @ System

refined data analvziz only.
e ek s upto (199041231 | W Meteo end

@ Module layout
ﬁ Special graphs |
Simulation
: . I[§
Output File ]

=1 Back to params. v’ Simulation = I
: PV SYST V5.31
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Koniec Symulacji

’;ﬂ' Simulation, Variant "Mew simulation variant™ EIEIE
Simulation parameters
Wariant |New simulation variant
Project Moy Projekt prezentacia JAE! Battery Compact Power lrverter todel
Site Gdanszk B attery voltage 12 v it power 0.00 W
Horizan Free Horizon Total capacity 39 Ak Mumber 000 & -
System Stand alone MPP Current 165 A Murnber —ul=] i:h

Preliminary definitions

Optional further definitions, For
refined data analysiz only. ﬂ

Hourly data storage

ﬁ Special graphs

Output File

Simulation dates

from 19300101 -
upto 19301231 -

v Meteo b

v Meteo e

=1 Back to params.

o Simulation

’j_ﬂ Hourly Simulation Progress

Statuz

Attenuation factars for Diffuge

204
Diffuze 0.961
Albedo 0811

Dizplay daily values
Meteo: Global, Diffuze, Tamb

System : EMaw, EMet, Elze
Load: ELoad, EUszed, EQwver

On coll: Glabal, Diffuze, Glob. eff.

Simulation ended sucessiully

Simulation 31./12/30

018, 038w hAm day, 0.3°C, 7.7 mds
018, 017, 0,00, 017 kwh/m_.day
004, 0.02, 0.17kWh/day

02000, 0.0kWhday

Dizplay
" Hourly ¥ alues

{« DailyValues
" Monthlp Values

== Continue

W OK

&

PV SYST V5.31
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éﬂ' Results, variant VCO "Mew simulation variant” l =poh X _

Simulation parameters

Froject Mowy Projekt prezentacia JABIL

Site Gidansk P modules P 75007 700 Battery: Compact Power

System type Stand alone Morninal Pawer 0.28 kwip  Battery voltage 12 ¥

Simulation  07./01 to 21412 MPP %aoltage 17 W Total capacity 39 Ah
[Genenc meteo data) MPP Curent 165 &

Main results

Syztem Production 227 Kwhidyr Mormalized prod. 065 kwhikwpdday I

Specific prod. 812 EwhAWpder Armay losses 236 KWwhikwpdday

Performance Fatio 0.204 Spztem lozzes 016 Kwh/wpidap

. . Detailed It
= 08 Daily Input/Qutput diagram elaned results |
2 T T T PR -
5 D_T-— o Walues from 01/01 to 3112 N ] Fieport ‘ Tables ‘ I
E~ - o % &% (]
05 LI a
- | . ° - ﬁ Predef. araphs ‘ ﬁ Howrly graphs ‘ I
z sl .7 °e ] |
= T @ L ° N . @
;: 04 o°°° oo 0%03 @ : Y o o . @ Economic evaluation ‘
o B 0 o L) o
£ o3f- ggh ° 0 . |
b | m
& | oﬁm - Mow&m@ﬁ |
g 02 ‘w’% bl oes%gmomo L . I
g i Frint
g AN o .
E o0 f ! ! ] ! |
v Biobalincident in coll plan® [whim, day] " < Back ‘ Save ‘
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Stand Alone System: Simulation parameters

Stand Alone System: Detailed User's needs

Project :
Simulation variant :

Howy Projekt prezentacja JABIL
New simulation variant

Main system parameters Systemtype Stand alone
PV Field Orientation tit  30°

PV Array Nb. of modules 4

Users needs

azimuth 0°

Pnom total 280 Wp
Daity household consumers  Constant over the year global 73 KWhivear

Project : Nowy Projekt prezentacja JABIL
Geographical Site Gdansk Country Poland
Situation Latitude 54.1°N Longitude 18.5°E
Time defined as Legal Time  Time zone UT+1 Altitude  Sm
Albede  0.20
Meteo data : Gdansk, Synthetic Hourly data
Simulation variant : New simulation variant
Simulation date 24/02/11 12h50
Simulation parameters
Collector Plane Orientation Tit 30° Azimuth  0°
PV Array Characteristics
PV module Si-poly IModel PW 750 70W
WManufacturer Photowatt
Number of PV modules In series 1 modules In paralel 4 strings
Total number of PV modules Nb. modules 4 Unit Nom. Power 70 Wp
Array global power Nominal (STC) 280 Wp At operating cond. 248 Wp (50°C)
Array operating characteristics (50°C) Umpp 15V Impp 164
Total area Module area 2.8 m,
PV Array loss factors
Thermal Loss factor Uc {consty 200 Wim, K U (wind) 0.0 Wim K/ mis

== Nominal Oper. Coll. Temp. (G=800 Wim , Tamb=20°C, Wind velocity = 1m/&l@CT

Wiring Ohmic Loss
Module Quality Loss
Module Mismatch Losses
Incidence effect, ASHRAE parametrization L&l =

Global array res.

System Parameter System type
Battery Model
Manufacturer

Battery Pack Characteristics Volage
Nb. of units

Temperature

Regulator Model
Technology

Battery Management Thresholds Charging

Back-Up Genset Command

User's needs : Daily household consumers

average

15 mOhm Loss Fraction
Loss Fraction
Loss Fraction

1-bo (1/cos i - 1)be Parameter

Stand Alone System

Compact Power

Oerlikon

12V Nominal Capacity
1

Fixed (20°C)

General Purpose Default

Undefined Temp coeff.
13.5M131 WV Discharging
11.8128V

Constant over the year
0.2 KWh/Day

56°C

1.5 % at STC

35%

4.0 % (fixed voltage)
0.05

38 Ah

-5.0 mvi*Clelem.
118128V

Daily household consumers, Constant over the year, average = 0.2 kWhiday

Annual values

Numbsar Power Usz

Energy

Flugrescant lamps 10 4 Wilamp § hiday

Total daiby enengy
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Stand Alone System: Main results Stand Alone System: Loss diagram

Project : Nowy Projekt prezentacja JABIL _ Project : Howy Projekt prezentacja JABIL

Simulation variant : New simulation variant Simulation variant : New simulation variant

Main system parameters Systemtype Stand alone Main system parameters Systemtype  Stand alone

P Field Orientation titt  30° azimuth 07 P Field Orientation tit 307 azimuth 0°

PV Array Nb. of modules 4 Pnom total 280 Wp PV Array Nb. of modules 4 Pnomtotal 280 Wp

User's needs Daity household consumers  Constant over the year global 73 KWhivear User's needs Daily household consumers  Constant over the year global 73 kWhiyear

Main simulation results Loss diagram over the whole year

System Production Available Energy 227 kWhiyear Specific prod. 812 KEWh/KWplyear
Used Energy 66 kWhiyear Excess (unused) 145 KWhiyear
Performance Ratio PR 20.4 % Solar Fraction 5F  90.4 %
h ; L -
Loss of Load Time Fraction 9.5 % Missing Energy 7.0 kWh 1015 kamm, Hortzontal gpobal Nmackation
»—'—"_ﬂ!—ﬂL +137% Clobal Incident in coll. pians
Kormslized produsdions. (par instalisd KWp): Kominal powsr 250 Wip Parformancs Rafio PR and folar Fraction IF 1
; ) B=: . - -33% 1AM t3ctor on glonal
] fara s SRimmERIL B
I e i 1116 kvmm_ = 3 m_ coll Effsctive imadtancs on collsctors
L emiensy 3 5TC = 102% FV comersin
§ i £ Hiokvh L‘ Aurray nomingl ensrgy st STC offic.)
i
% -: &I-é-)".o PV 1055 due 10 Inradiance level
£ B
H i 3133 PV koSS dus 0 femparature
HE i BT Module qualky loss
i 5% Miodule arTay mismacn oss
92% i wiring loss
Loss Oy respact o e mee I'JTIl'r;
Tl Fab e dor Bay  Jun Jul dug deo Do Row  Duc
Unnsid enangy (2l besery) kss
Mew simulation variant
Balances and main results
M BEL Effective at the output of th
GlobHor | GIobEM | Eaval | EUnusso | E M EUssr | Eloed | soFrse it ! Snerdy e output ot ine sy
A Irect Eared Battery Storags
Kivm, K, Kihin K K K K IFET A Bamery Stared Enang) baizce
January 150 210 44 065 2683 6200 hE Bemer) emioieng s
Fabruzry 30 53 958 3 2000 SE00 1,000 R ——
March &0 a0 1851 1Har a0m 5200 5200 1000 Lo N r-;er’-db‘.'n;r-'e HJ’HET o
apr 1140 1263 %71 1962 a.0m 6000 6000 1000 = E: ::’ . ||;nt;tn; .
May 710 1748 BAS .71 Q.00 6200 6200 1,000 o Supp
Juns 1620 1570 fed 2] a.0m 6000 6000 1000 Energy nesd of ths ucsr [Load}
Juty 1540 1622 4 2000 6200 6200 1,000
sugust 1280 1323 7 .00 6200 6200 1.000
saptemiber T30 - 1105 0,000 6000 6000 1,000
October 00 687 T4 2000 6200 6200 1,000
Hovembsr ol ] 0 144 1858 4142 6000 0620
December 130 U7 161 244 3753 6200 0605
Year 10151 1161 14540 653 65011 73.000 0804
Legends:  ClaaHor Hortzontal gioal Imrsdistion E Miss
GlET Ef2cive GHogal, oo T 1AM and snadings E Lser
Eazl Aulizgie Solar Energy E Load

Elmuzed Urised enengy (%l b2mery) loss SalFre Solar fraction (Elksed ! ELoad)
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System fotowoltaiczny

Zrédto: Polskie Centrum Solarne



{E] s
Moduty fotowoltaiczne

QUALIFICATION AND WARRANTIES

Product standard IEC61215,61730/UL 1703
Extended product warranty 10 years
Output warranty of 90% performance Pmpp (STC) 10 years
Output warranty of 80% performance Pmpp (STC) 25 years
MunichRe Warranty 25 years

NOVA"

Datasheet

Crystalline PV Module
CHSM6610M Series

3
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Parametry elektryczne modutu fotowoltaicznego

ELECTRICAL SPECIFICATIONS

STC rated output (Pmpp)* 250 Wp
PTC rated output (Pmpp)** 223.0Wp
Standard sorted output

Warranted power output STC (Pmpp min) 250 Wp
Rated voltage (Vmpp) at STC 3048V
Rated current (Impp) at STC 8.23A
Open circuit voltage (Voc) at STC 38.09V
Short circuit current (Isc) at STC 8.64 A
Module efficiency 15.2%

¢ P
)
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Parametry mechaniczne modutu fotowoltaicznego

QOuter dimensions (Lx W x H)

Frame technology

MECHANICAL SPECIFICATIONS

1652 x 994 x 45 mm
65.04x39.13x1.77in

Aluminum, silver anodized

Module composition Glass / EVA / Backsheet (white)
Weight (module only) 20 kg /44.01bs

Front glass thickness 32mm/0.13in

Junction box IP rating P65

Cable length / diameter (UL)
Cable length / diameter (IEC)
Maximum load capacity

Fire class

Connector type (UL)

Connector type (TUV)

1000mm/39.37in/ 12 AWG

1000 mm /39.37 in/ 4 mm?

5400 Pa
C
Multi Contact type 4

MC type 4 compatible
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Parametry mechaniczne modutu fotowoltaicznego

1652 mm/5.420 feet

994 mm/3.261 feet

S N —

45 mm/0.148 feet

SR
L)

16-35 mmx
8.5 mm/0.011 feetx
0.028 feet

Entwaésserungsbohrung

4-@5.5mm/0.018feet

Masseanschluss

67 mmx
11.5mm /0.023 feetx

100 mm/0.328 feet
——

1000 mm/3.281 feet

950 mm/ 3.117 feet

200 mm/A0.656 feet |

-

826 mm/2.710feet

12 mm/ 0.039 feet

0.038 feet

Befestigungsbohrung

45 mm/0.148feet

\

e —

32 mm/ 0.105 feet
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Systemy montazu na dachu

Zrédto: Polskie Centrum Solarne



JE) e e

Systemy montazu na gruncie

Zrodto: P+S Projekt Solartechnik
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Systemy montazu na gruncie

3

Zrédio: Photovoltaic
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Przewody | puszki potgczeniowe

Zakres pracy w temperaturze
od-45°C do + 80°C

_I
]‘._u

Otoczenie
- wilgo¢, deszcz, Snieg, pyt

Odpornosc na
promieniowanie UV

ENEEENEEN,.-
EEEREEEEN,.-
-

5 ——p !
— + |l =1A - 1mm?przewodu

FIRMY:

MC

Tyco Solarlok %
Huber+Suhner
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Przewody i ztgcza

Zrédto: Polskie Centrum Solarne
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Dachowki solarne

a4 4949




(

A~ LABORATORIUM '
| [ | rorowoLTaIcZNE M
~—JIMIM - PAN ' ..

Zaleznosc podstawowych parametrow ogniwa stonecznego
od wartosci natezenia promieniowania

4'0 I 1 I I I I 1 I I | T
35~
] 00— [
.—f_.___.__._ @ @ @ , 06
3,0 ’0/ /*
A ) * 0,5
25 o */
- » */ <
2,0 - -04 ©
< .[ 4 8
; | S S
—_— 1.5 o) |
: /* L 0,3
1,0 * Parametry ogniwa
/ o powierzchni 100 cm’
051 /* —>— lsc 0,2
' | * —8— Voc
;**
0,0+
T T T T T T T T T T 01

1
0 100 200 300 400 S00 600 700 800 900 1000 1100

Natg¢zenie oSwietlenia |W/m’]
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Zaleznosc charakterystyki -V
modutu od wartosci natgzenia promieniowania

Module I-U characteristics

7,0
6,5

3

6,0
5,9

o= 1000W/m2
5.0 e 800W/m2
45 —% % v ¥ F 5 % e = 600W/m2
:g e —C————— —_— 400/
3.0 L T S = 200W/m2

2,5
2,0
1,9
1,0

3 L3 L] 3 L] & 3 * 3 ] L3
05 i i i i i i i i i i
! ¥ * L L3 * 3 L3 T |3 L3
¥ L ¥ ¥ ¥ L] ¥ ¥ ¥ ¥ ¥
0,':' 1 i L

00 14 28 42 56 70 84 98 112 126 140 154 168 182 196 21,0

Voltage (V)

Current (A)
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Zaleznos¢ mocy modutu od wartosci

natezenia promieniowania

110,0
100,0
90,0
80,0
70,0
60,0
50,0
40,0
30,0

Power (W)

20,0 1
10,0 1

0,0

Module power characteristics

\
\
i
\
- \\\\

00 14 28 42 56 70 84 938 112 126 140 154 168 1872 196 21,0

Voltage (V)

o= 1000W/m2
== 300W/m2
s 600W/m2
o= 400W/m2
= 200W/m2
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Wptyw zacienienia jednego ogniwa
na charakterystyke modutu PV

the number of
shaded cells

Current(A)

() Voltage(V)

Powody wprowadzania diody w obwod obejsciowy
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Regulatory fadowania

1. Nadzoér nad procesem
tadowania akumulatora

Morningstar Wytgczenie obcigzenia -11.1V
Wytgczenie tadowania - 13.7 V
TE, oo
o0 2. Maksymalna wartosc natezenia pradu
SOLAR CHARGE
CONTROLLER h
12V/24V 15A
M. B L _ tadowania z systemu PV —15 A
Odbiornika energii — 15 A
RSS-04

ITE w Krakowie Zakres pracy -25°C + +50°C =
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Inwertery

1. Zamiana DC na AC

2. Dopasowanie do MPP systemu PV

3. Monitoring pracy systemu

4. System zabezpieczen instalacji DCi AC

Inwerter Sunny Boy 3000HF (SMA) — Eff =96 % dla 2 — 3 kW
Inwerter NT (Sunways) - Eff =97.4 % dla PV <100 kW
Inwerter WL (Voltwerk) - Eff =98.8 % dla PV 100-300 kW
Inwerter Power PV500 (GPTech) — Eff =98% PV 500 kW
Zakres MPP do 825V
Stacja PV( Helios Systems L. S.) inverter, transformator, przekaznik,
MPP —dla PV do 1 MW

www.sunways.de , www.voltwerk.com
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System fotowoltaiczny

3
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junction
box '

PV cable

vl e connector

33

Kompletny system
gotowy do montazu




() Y

Kompletny system
gotowy do montazu

. junction
! box

i : ¢ PY cable
t

K - | =

[ el e connector

Fi-Mode ™ Mocuke VMo

- =% jnverter
plug — e S

Zrédto: Polskie Centrum Solarne
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L

BREZPTECZNIKT

- ™,

/ieca
123 kWh
INVERTER

- "

123 kKWh LICZNIK

—

LICZNIK
HIRRRRINIRNINE

Pomiar energii elektrycznej instalacji |1 fazowej



A LABORATORIUM '“
| [ | FOTOWOLTAICZNE
~L—Jimim - paN '“

LT

BEZPTECZNIKT

feca
= 123 kWh
INVERTER
: LICZNIK
/‘\ IRININRINNRNIND

Pomiar energii elektrycznej instalacji | fazowej
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LT

BEZPTECZNIKT

ra e ra e

feca
123 kWh 123 kWh
INVERTER
: LICZNIK LICZNIK
/‘\ ININNRINRNIND IRININRINNRNIND

Pomiar energii elektrycznej instalacji | fazowej
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R et LT - =8

Jeca

e — (1111

BEZPTECZNTKI

T b

BEZPIECZNTK] e
LICZNIK

123 kWh
m

——

LICZNIK
ININNRRINNRRINN

LICZNIK
11 fazowy

| J

Pomiar energii elektrycznej instalacji 111 fazowej
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Jeca

INVERTER

LICZNIK
seca 11 fazowy

INVERTER
—-—

3
LICZNIK
11 fazowy

Pomiar energii elektrycznej instalacji 111 fazowej

JSeca

INVERTER
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Ochrona instalacji
PV przed
wyladowaniami
atmosferycznymi

3

Zabezpieczenia systemu PV
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Wobec braku doktadnych przepiséow okreslajgcych status
instalacji fotowoltaicznych w Prawie Budowlanym, kwestia na
budowe systemow PV potrzebne jest pozwolenie budowlane
pozostaje problematyczna.

W kwestii, czy na montaz instalacji PV potrzebne jest inwestorowi
pozwolenie na budowe czy wystarczy zgtoszenie robot budowlanych,
wypowiedziat sie Gtéwny Urzgd Nadzoru Budowlanego (GUNB).
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W sprawie montazu ogniw fotowoltaicznych na obiektach budowlanych
oraz wolnostojgcych ogniw fotowoltaicznych.

W zwigzku z pojawiajgcymi sie watpliwosciami dotyczgcymi montazu ogniw
fotowoltaicznych na obiektach budowlanych oraz wolnostojgcych ogniw
fotowoltaicznych, przedstawiamy nastepujgce stanowisko. Zgodnie z
generalng zasadg, zawartg w art. 28 ust. 1 ustawy z dnia 7 lipca 1994 r. —
Prawo budowlane (Dz. U. z 2010 r. Nr 243, poz. 1623, z p6zn. zm.), roboty
budowlane mozna rozpoczgc jedynie na podstawie ostatecznej decyzji o
pozwoleniu na budowe, z wyjatkiem robét zwolnionych z tego obowigzku na
podstawie art. 29-31 ww. ustawy. Przepisy te zawierajg zamkniety katalog
buddw i robot budowlanych, ktérych wykonywanie nie wymaga uzyskania

pozwolenia na budowe — wymagajg one tylko zgtoszenia, bgdz sg zwolnione
z obu tych obowigzkow.
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Majgc na uwadze powyzsze informujemy, ze pozwolenie na budowe oraz
zgtoszenie nie jest wymagane w przypadku wykonywania robot
budowlanych polegajgcych na instalowaniu urzgdzen na obiektach
budowlanych — art. 29 ust. 2 pkt 15 w zw. z art. 30 ust. 1 ustawy — Prawo
budowlane. Wyjagtek stanowi instalowanie na obiektach budowlanych
urzgdzen o wysokosci powyzej 3 m, ktore zgodnie z art. 30 ust. 1 pkt 3 lit. b
ustawy — Prawo budowlane, wymaga zgtoszenia wtasciwemu organowi.
Oznacza to, ze w celu instalacji urzgdzen o wysokosci ponizej 3 m, nie ma
obowigzku uzyskania pozwolenia na budowe ani dokonania zgtoszenia.
Majgc na wzgledzie powyzsze zaznaczyC nalezy, ze instalowanie na
obiekcie budowlanym ogniw fotowoltaicznych wraz z konstrukcja
mocujgcg nie wymaga dokonania zgloszenia wlasciwemu organowi, ani
uzyskania pozwolenia na budowe, o ile zainstalowana catos¢ nie
przekracza 3 m wysokosci. Jezeli natomiast wysokos¢ ww. urzgdzenia
przekroczy 3 m, wowczas inwestor bedzie zobowigzany

dokonac zgtoszenia.




