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Kuidas PV elemendidt © °t av ad

PV elementides kasutatakse elektri tootmiseks fotoelektriliseks efektiks
nimetatavat f ¢ ¢ s I k a nSedat kujeldas esimesena Heinrich Hartz
1887.a. Selle efekti detailse kirjeldamise eest sai 1905. a. Albert Einstein
N o b edregmia.

Lintsustatult on tegu materjalidega, mis valguse toimel toodavad elektrit.
Valguse toimel | ¢ ¢ arkss re eeléktronid (nn. fotoelektronid) oma aatomite
k ¢ | jladts Kui kinnitada elektrit juhtiv materjal fotoelektrilise materjali
pluss- ja miinuspoolele tekitame vooluringi ja saame tekkivat elektrienergiat
juhtida.

Esimese PV-elemendi valmistas Bell Labs enam kui 50 aastat tagasi.
Esimene reaalne PV-paneelide kasutuskoht oli kos moset ©?©°
satelliitidele energiavarustuse tagamiseks.




1954 Bell Labs
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Element, paneel, ahel? . EPEA

Tavaline PV-element koosneb klaasist v » plastikust kattest,
- Glass mittepeegelduvast  kihist, pealmisest  kontaktplaadist,
alumisest kontaktplaadist ja pooljuht kihtidest.

- Frame

- Encapsulant

Kui liita mingi hulk PV-elemente kokku saame PV-paneeli ja

- Solar Cell
B kui liita omavahel kokku PV-paneelid saame PV-ahela.

~ Encapsulant

PV-s ¢ st e @aigaldis, jaam) koosneb PV-paneelidest
- Backsheet (ahelatest) ja DC/AC muundurist (inverterist). Lisaks on
v»i malkiglkt eem®i endlkad a salvestuse v » |

* Junction Box _
v»rgu¢ghendusega

Array
Strings in parallel

Module | .
Cells in series

String |

.... Modules in series
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PV-elementide kasutegur?

PV-elemendi kasutegur n 2 i tkaibpalju talle langevast
valguskiirgusest muundatakse efektiivselt elektrienergiaks.
T 2 n a gehneloogiatega on kasutegur kusagil 6&% ja 44%
vahel. Tavalise kodutarbeks m» e | d B\Wdpaneelid on
kasuteguriga 15-20%.

Kui tootjad m» » d a vomdktavate paneelide kasutegurit,

tehakse seda kokkuleppelistes standardtingimustes (STC),

mis vastavad selgele suvep?ewvldteemper atuur
+25/C.

Kuigi paneeli kasutegur on ka oluline tegur, vaadakse
ostuotsuse tegemisel pigem hi nn a/ v »(U/\Wiskahsag
suhet, kuna kasuteguri kasvades kasvab paneeli hind
eksponentsiaalselt. T 2 ntagab parima W/u suhte 270-275W
pol ¢ Kk paneelt al |

KASUTUSTEGUR | KASUTEGUR!!!
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Pdikeselt maapinnale aastas kiiranud energiahulk
on umbes sada korda suurem, kui leiukohtades
veel alles olevast fossiilsest kiitusest saadav
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Voimsus

PV-jaam Asukoht Valmimisaasta
] (MW,))
'Topaz Solar Farm 550 California, USA 2014
Desert Sunlight Solar Farm 550 California, USA 2015
Longyangxia Dam Solar Park 320 Qinghai, Hiina 2013
ehituses
Solar Star | and |l 309 USA (plaan 579 MW)
‘Califomia Valley Solar Ranch 292 California, USA 2013
‘Agua Caliente Solar Project 290 Arizona, USA 2014
Mount Signal Solar 266 California, USA 2014
Antelope Valley Solar Ranch 266 California, USA ehituses
Charanka Solar Park 224 Guijarat, India 2012
: : . ehituses
Mesquite Solar project 207 Arizona, USA (plaan700 MW)
E;l?knghe Hydropower Golmud Solar 200 Qinghai, Hiina 2011
‘ (
Gonghe Industrial Park Phase | 200 Hiina 2013 =
Imperial Valley Solar Project 200 California, USA 2013 @
P o4




Maailma suurimadP\telektrijaamad 2017
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Longyangxia Dam Solar Park (850 MW)
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P\jaam Asukoht Valmimisaasta
J (MW,)

Tengger Desert Solar Park 1547 Hiina 2016
Datong Solar Power Top Runner Base N
etapp, kokku plaanis 3 X 1000 MW AL Hiina AW (| SEED)
Kurnool Ultra Mega Solar Park 1 000 India 2017
Longyangxia Dam Solar Park 850 Hiina 2015
Kamuthi Solar Power Project 648 India 2016
Solar Star (1 ja ll) 579 USA 2015
Topaz Solar Farm 550 USA 2014
Copper Mountain Solar Facility 550 USA 2015
Desert Sunlight Solar Farm 550 USA 2015
Huanghe Hydropower Golmud Solar Parl 500 Hiina 2015
Bhadla Solar Park 480 India 2016
Mesquite Solar project 400 USA 2013
Quaide-Azam Solar Park 400 Pakistan 2015




TenggeDesert Solar Park EPEA
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- Installeeritud 2017 ca. SMW

- Kokku tootjaid ca. 1000
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How Photovoltaic
Systems Work

/ Utility power

é‘T@

Meter

Batteries

(optional) Main Service

Panel

o/
E"
EE

Source: lllinois Solar
Energy Association

Hybrid PV System’ Off-grid PV System

= Supplying loads from PV and/or grid = Supplying loads from PV and/or battery
= Feed-in surplus PV or None to grid = Charging battery with surplus PV power
= Providing power during blackout = Generator as the backup
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PV paigalduste jagunemine

EPEA

4 500
4 000
3 500

2 500

Photovoltaic electricity
generation (TWh per year)

- 12%

Share of global electricity generation (%)

Allikas: IEA Technology Roadmap Solar Photovoltaic Energy 2010
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Photovoltaic Solar Electricity Potential in European Countries

t NA1SasSsS TN

N ol f { &=° Joint Research Centre
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potentsiaa

Euroopas

i3

Yearly sum of global irradiation incident on optimally-inclined south-oriented Global irradiation [kWWh/m?]
photovoltaic modules <600 800 1000 1200 1400 1600 1800 2000 2200>

[ .
Yearly sum of solar electricity generated by 1 kWp system with optimally-inclined <450 600 750 900 1050 1200 1350 1500 1650>
modules and performance ratio 0.75 Solar electricity [kWh/kWjp]
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Eestl laiuskraadil:

I Optimaalse kalde ja asimuudiga pinnale langeb aastas 41200
kWh/m? energiat

I 85% sellest langeb vahemikus aprillist oktoobrini
i 1kW((~6r0 OpAYadzaS3al 2 LI A Yabnmtoodabt G L
aastas 900 ... 1000 kWh energiat

Monthly energy output from fix-angle PV system
(C) PVGIS, 2017

EPEA
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Paikesepaiste, 2013
Sunshine, 2013
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Tallinn Harku Jahwvi
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Paikesepaiste kestus aastas, tundi
Annual duration of sunshine, hours

[ ]1701—1800 [__] 2101 —2200

Lasane-Migula OKuusiku

Parnu i i
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Vilsandi
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Tartu Thravers

Sdrve

[ ]1801—1900 [ 2201 — 2300 o Parmu  Vaatlusjaam / Observation station
[ ]1901—2000 [ 2301 —2400 Allikas: Keskkonnaagentuuri Riigi limateenistus
[ ]2001-2100 Source: Estonian Weather Service (Estonian Environment Agency)

Eesti laiuskraadil:
Optimaalse kalde ja asimuudiga pinnale langeb aastas 41200 kWh/n% energiat

85% sellest langeb vahemikus aprillist oktoobrini
1kW (~6r0 @pAYadzaS3al 2 LI A Yakhnh tbodab hastas QDO A..A000 KR\

E P EA energiat
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Legal notice | Cookies

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

Commission

European Commission > PVGIS > Tools > Interactive tools

Home

Google Terrain
Google Satellite
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Address: Eq.lspra Italy Lat/Lon: Eg. 45.81%

Tools ~ Download ~ Documentation ~ About us ~ News
L7 ] v o9 -~ N Ve==x} A
“\ = \ S ~ 7 Labels Cursor: Use terrain shadows:
. ' ——c \ (e « Solar radiation Selected: 58.373. 26.724 ¥ Calculated horizon
A\ 25 = \ Sentinel-2 cloudless |} i ek
7 vl B \ \ ® Open Street Map .2  Elevation (m): 60 Upload horizon file
¢ \F fr RO\t Terrain ;

| Vali fail | Pole valitud

GRID CONNECTED

14

TRACKING PV

OFF-GRID

MONTHLY DATA

DAILY DATA

HOURLY DATA

Solar radiation database” PVGIS-SARAH

PV technology” Crystalline silicon

Installed peak PV power [kWp]”
System loss [%]

Fixed mounting options
Mounting position *

Building integrated

Slope [ 35

Optimize slope
Azimuth [7]" 0

¥ Optimize slope and azimuth
¥’ PV electricity price

PV system cost (your currency)”
Interest [%/year]”

Lifetime [years]

@ Visualize results X Download csv

- £ 1 dzf BPEA

Contact | English (en) ¥

http:// re.jrc.ec.europa.eu/pvg tools/en/tools.htmI#PVP



http://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP
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Summary

Provided inputs:
Location [Lat/Lon]:
Harizon:

Database used:
PV technology:

PV installed [K\Wp]:
System loss [%]:

Slope angle [°]:
Azimuth angle [°]:
Yearly PV energy production [kWh]:
Yearly in-plane irradiation [kWh/m?]:
Year to year variability [K\Wh]:
Changes in output due to:

Angle of incidence [%]:

Spectral effects [%]:

Total loss [%]:
PV electricity cost [per kWh]:

Temperature and low irradiance [%]:

@p)
Q)¢

@p)

)

YV SNHEA |

PERFORMANCE OF GRID-CONNECTED PV: RESULTS

|4'

58.373, 26724
Calculated
PVGIS-ERAS
Crystalline silicon
1

14

Simulation outputs:

44 (opt)
-5 (opt)
949
1210
39.00

28
7(0)
64
218
0.090

PV energy output [k¥h]

150

125

100

7

on
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Jan

Monthly energy output from fix-angle PV system

Feb tdar Apr May Jun Jul Aug Sep Oct MNov

Month

® PV output

e

Dec

@ Radiation

Qutline of horizon

I Horizon height
— - Sun height, June
-------- Sun height, December
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Optimaalne paigaldusnurk Eestis EPEA
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Optimaalne paigaldus Eestis EPEA
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P\fpaneelid ja lumi? e

April 01, 2012 - March 031, 2015
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