TALLINNA TEHNIKAULIKOOL
INSENERITEADUSKOND

Elektroenergeetika ja mehhatroonika instituut

PRLYO{99[ 9YELWLWI LBE! aLhbwBD[PY¥Cw
LAASTUTALUN «W! | a! b &L ¢ 9]

IMPACT ASSESSMENPOBTATION TO POWERIGRN EXAMPLE OFASTUTALUN «
STATION

a! DL{¢wL¢mm

«f A p LAt Hardi Puusepp
«f Ap LA 176526AAVM

Juhendaja: Toomas Vinnal

Tallinn, 2019



AUTORIDEKLARATSIOON

ht 8y 122atlydR tplidzil | AaSasSragltdo
[pLidzii | | £ dzadt -©pA 205 BDdzABNI MRAI a@pA AyaSySNRAR
koostamisel kasutatud teiste du2 NA GS G111 RY 2fdzZ A44SR aSAadadzl 2KIR
LINNAYSOFIR FYRYSR 2y @AARI GdzR®
APPPDOPDPDPDPE DPPDPPDIPDPDPDPPDOPDPPDPDPDOPPDPDOPDPD HAMX DD
AULOT: oo
[ allkiri /
¢l | gl aiGro YF3aIAadNAGI I £S Saadl ddzR ypdsSisSt s

aPDD PP Papig d dupdud CHDKPMPXDEDED P D D D D P

Juhendaja: .......cccceeeeeiiiiiiiinnnn,
/ allkiri /

Kaitsmisele lubatud

APPPPPPPE PPPDPPPPPDPDPPPDPDPDPDPDPDPDDPHAMX

KaitsSmiSKOMISJONI €SIMEES .....cuvvvuiiiiiieieieeiiiiis e e eeee et e e e e e e e eaaanaa s e e e e e eeeannes

/ nimi ja allkri /



[t ¢mm [«I LYhYY] £]1 ¢9

Autor: Hardi Puusepp [ pLIzG lall IR BRANX G| |
¢l LISINAL BRI SE STGNR2F Yl Ypa2dz KAYRFYAYS
Y dzdzLJRUSEPY19 751k

«tEAPFIHEMYYF ¢SKYA(lFNfA]l22¢
Teaduskondinseneriteadgskond

Instituut: Elektroenergeetika ja mehhatroonika instituut

¢l 1 2 dzRé&yhas Vidnal

Sisu kirjeldus:

{220A31 ONKSYRFRF GFFaddzytddziS S¥BNBRNNES
KF{FiGdzR 1 adzidzaSt S Op ik Sia | & dedia@h AR B \5INE
LINA1 S&aSSySNBALFG 21 LINA1SasSStS{aNR2lI I YIRS
YNS&2t SO YIFIAAaGNRGI] | SSAaYNNHAl & 2y KAY)
St STONADpNBdzZ S® apadz KAiaasuTYiAda SH @ LiINSR21agia SIS
YI1aAYFIfYyS @NfadzyROpAYadza 2y mcn (2 ® kmge|
LISNA22RK ONBGESEE (GS2adGFrdA (FdaStAaar LINA]S3
Pikaajalistek& p p G YA &G S1 & 1 &dzi I-96\S NIt Siz] LISA ye3 S @} (i 87
YA& dzdzf dzBI R ¢l £ fAYYyl ¢SKYAlFINftA(l22fAfSD

app(SidzZ SYdRAI SEANIK SOFHfRIST O p NBdzLIA Yy 3ST KI N 22
Apf Gdz@dzad LINAL S&SSt &ilai Narpept B ST dzRD NibyRemERigasiic
21 Al I RdzR G dzf 'SyWIdARN & AyE  NWa Bp NNBt RdzR &+ | 8
18KGSaGrGdzR LIAYyIS 1O EAGSSRA yNAGE2FGSTL d

yGdzR YFIAAGNRGI 1 84S 2y t A&l (dzR  Selkirijadmadt
12KFLSHEds 8 tdasart 26814 OpAYlEEA]l LI NE

AaNN] A pHARBASSE STGNRCHEYS GFFaGdzOSYSNAAL 5




ABSTRACT

Author:Hardi Puusepp Type of the workMaster Thesis

aaySyid 2F tz+ adqlriarazy G2 LRsS

(p))

TitleL YLJ OG | &aa

Date:24.05.2019 75pages

University:Tallinn University of Technology
Schoal School of Engineering

Department:.Department of Electrical Power Enginegrind Mechatronics

Supervisor(s) of the thesiBoomas Vinnal

Abstract;

With intention to reduce the use of norecoverableenergysources the shareof recoverable
energysources hasised more and moreSolar power is believeid havegreat potensial ad every

year the amount oPVstationsconnected to power gridises.

The aim of this master thesis is to evaluttie impact of medium size PV station to power grid. F
the impact assessmenty S| & dzZNBYSy ia 6 SNB LIS NFRWSadoR, wikhy/]
maximum output power is 160 kW. Measurements took place in September of 2018 and laste
weeks. Additionaly some experimental separations were performed in 14th of October 2018. F
longterm measurements Fluke power quality logger was usedfanthe separation experiments

A-Eberle power quality logger was used. Both loggers belong to Tallinn University of Technolq

Power grid voltage, total harmonic distortion and voltage unbalance were analysed more thoro
Collected data was turnedto graphs and results were analysed. All the analysed data was com

to the standards.

The aithor of this master thesis have added graphs of measured data angbiatsioes from the PV

station, so readers can visualize and understand done work better.

KeywordsPYV station, recoverable energy, power grid, energyquality, distributed generation
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SISSEJUHATUS

Elektrienergia tootrrseks on ajalooliselt kasutatud)- £ 2dz F2aaAAf AaSAR | NdGdzaSA
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1. TEOREETILINE ALUS

Elektrienergia tootmiseks kasutatakse palju erinevallikaid, mis liigitatakse taastuvateks ja
GFF&addzyl GdziS1a SyYySNEAFIffA(LIGS1ad 9Sadraa 2y LIS
HAMT® FFadlf G22RSGA ynHIm: StESTONASYSNBALFaAGD ¢
Nayl ORALPESDUWPKSEGbdastdt £a Gt G wnnyod FFadlt 2
elektrienergia tootmise81%, seega 9 aastagataastuvenergia allikatest energiatootmise osakaal
adzdzZNBy Sy dzR 2 ONKSFBY NAA y T &2 ©l koiv 8

Taastuvenergiastoh p A 3 S A dzdzZNB Yl 2 & { | kcfodz2ad ¢9d3dat iSASiy SINGRO.E | S S
biomassist toodetav energia 27l ® «f S2NNy dzR wmM/EE XIgWidddsijnl 6 KNR
LIN A pr®rgi&s[1] 2018. | Fadl f Y22 Rdzadl aAR LINA1S&aSSt S{aN
taastuvenegiast« KS{1a LlpK2dzaS14X YAla LINA|IS&ASSYSNHAI 23
9SadGA 3IAS2ANF I FAEAAG FASYRAGD® ¢ f OSLISNRA22RAE 2y
FFadr3alr F3F fAAGdZD 2NNBS&ld NEK i Yhendadhshkaasd 3 SSt S
elektrienergia tootmises2 N NB p dzéAbistavateks meetmeteks on riiklikud toetused ja ka

a2l 2fdzz Sl GSKy2ft223AF Ydzzidzo 2NNEBS&ad &z22Ral
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Al YE ONNNE GG 04 de@ St $3 f NKSo NKI ONA1aASYIF{ao

t NA1SaSSE S dNR2IEYIRSA abFRF1aS8 SESTONRG LINAT
St SYSYyGARSt So L3I N @ANNLB{ 9922 (ic sKYagisd SN LIt A | .
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Nl&AldzR tFSy3dalyRelR YySAR |AYYA K2ARQGFAG ( dzdz
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NKSYRFGdZR NI I O6AGA OpA 2FRFEYAEAD «KSYRdAZAOAAEAE
2220AG1148 &bl RI ONfadyRAZD tFySStA ON22dzy RLA
tFySSt ARSAG Rt NREDIIR ATHSNYSNR 2485 (dza LAY3IS dpa
Y dzdzy Rb G F 1 Ol KSt Rdzo@22t s YAftS1a (+adzdibdrl1as e

QX
(V)
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9t STUNAGpNBdz G2AYAYAaS aSiaadzZz2kKlrftd 2y 1pA3as

Transpordiga kaasnevadx&k 2F {1 LIAY3IASLINRPFAAfAA GpAOBI R (S11

tootlikkdza I A0l 6 @ONKSYRF RI 122NXdzadx YAAa YdzZA Rdz f

LINA1SaS8St STGaNR2FEFYE LI AILEREG GFENDAZES YAGGS &)

A 3 | va¥¢i8 kulutusi elektrienergia ostuks. Tegemist on ka rohelise energiaga ja tootmise ajal ei
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Pinge muutumine liinil alajaamast kaugenemisel

- ———— — — — — — — — — — Dinge Iubatud dlapir
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Pinge lubatud alapiir
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Joonisel 1.1 on tood skeem, kdsdzdzNBY LINA1SaSSt S{OdNR2FHIY 2y NKSy
alajaama madalpinge lattideleodnisel 1.2on iseloomustatud pinge muutumist alajaamast
kaugenemisel. Mida kaugemal dstarbija alajaamast, seda madalamaks pinge muutub. Antud
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Pinge muutumine liinil alajaamast kaugenemisel

Pinge lubatud iilapiir
Paikeseelektrijaamaza

w
o Paikeseelaktrijaamata

Pinge luhatud alapiir

Alajaam Kaugus Luini 1dpp

Joonisl 4. Pinge muutumine liinilldeA LINA { SaSSt S{GNR2FHEFY 2y NKSyRFGdzR (Gt
Joonisel 1.2y { dz2dzii | GdzR 2f dzl 2NRX 1dza YI RI dohiBehy1ASFA A RN.
2y YNARF(GdzRE (1dzZARIF&a LIAY3AS @pAodo @pNHdAzA Ydzdzi dzR}l =
{SIFtlaKIZyy SUN LINA1SaSStS{aNRSHIYFOF 2y LAYy3AS fAAY
f pLizad F adzo &dzdzZNBY LINA1SaSStS{dadNAR2FIYZ Gpadlo a
£ 3dzaSad ¢l NbA2F 2F21a GNKSytRinge olia 8&i startlddigh S LI
YNNNJ GdzR LIAANR Nfl2ala yAy3a pKiGdzasSt Fa2Ff3x 1dzA |
f NKSRIT®ddz GFfdz LINA]LS&ASSEtSTOUNRSEF Yl A&St22Ydzal
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50,5 Hz) 99,5% aastast ja vahemikus 47 Hz kuni 52 Holemaé 100% ajast.[6]

b2NNIF I fGFtAGE dAGAYIAYdzaGSa SA G2KA G2A0SLIAY3S

t Ay3aS {pAldzyAaSaid LlpKedza (dLiSdR LISV Y M Si HIKINE
2l @F KSYA {1 dza pi: | 08BN ONETEAEX I OpA @y SMRYWSzam Sa L
ajavahemikus iga harmooniku pinge-YRA ydzi Af AadGSaid (1SajvyradaSad STS|
GNA 1 aSYl tRoelis L.IGPR2RIAZR ONNNI dzaiSad GpA ySyRS3IAI Opl
a4 dzdzNB Yl A R LINp/KISdeaRG HORDIA ONFRE 2y | Yy i AA RDwC 6

Tabel11® « 1 aAl1dziS KIFENY22yA{dziS LIAYy3IS ONNNIdzaSR  AAGdzy
LIp KAKI NY2[@yAldzald dz

Paaritud harmoonikud
Paarisharmoonikud
3-ga jagumatud 3-ga jaguvad

WNNJ [{dzKd St AYS/WNNJ{ dzKG St AYSIWNN{{ dzKiG St AYS

5 6,00% 3 5,00% 2 2,00%

7 5,00% 9 1,50% 4 1,50%

6 kuni
11 3,50% 15 0,50% 0,50%
24

13 3,00% 21 0,50%

17 2,00%

19 1,50%

23 1,50%

25 1,50%
a&wY! { | I N¥Y22§RHH dANRNINdZ SS Anad2N/N NI I id F S (Al &3S fads
NBaz2yl yiayNKGdzaGS Gpladz addzNBE YNNNIt $§
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