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Churit Pansakul 2014: Impact of Increased Rooftop PV Installation Voltage
Unbalance in LV Distribution Network. Master of Engineering (Electrical Engineering),
Major Field: Electrical Engineering, Department of Electrical Engineering. Thesis

Advisor: Mr. Komsan Hongesombut, Ph.D. 149 pages.

This thesis presents a method to demine the maximum installation capacity of the rooftop PV
installed in low distribution system (400/230 V) of the Provincial Electricity Authority (PEA) that does
not affect the standard percentage of voltage unbalance. In this study, the DIgSIENT program is used for
constructing the simulated power system. The setting values of all parameters of the study system are
referred to the standard of PEA. The installed capacity of the rooftop PV is increased step by step with
the increasing size of 1 kW until reaching the maximum value that is specified by the PEA. The
simulation results of increasing installated capacity of the rooftop PV can be observed on how the factor
affects the percentage of voltage unbalance under seven study cases. Then, the results are compared
with difference installations of rooftop PV. Finally, the obtaining result are analyzed and summarized

for each study case with, the suggestion and solution to solve the problem.
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1wdesaanunIodInnmn N Wi 1 g9

a ' a ¥ v o o 4
5.98VVANAMNIN Solar Rooftop ﬁlﬂﬂkluﬁﬂ"ﬁ@]@@ﬂigﬂﬂﬂﬂlﬂﬂﬁ?ﬁ@ﬂWﬁQQWULﬁ’O

e Idhldnums Tldhaugiing.
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4. WANIZNUF MV Distribution Generator (DG) Tuszuudivivng

= ° 1 o 1 a o w Y I 4
panszUUTegneonuuyluanyuzunawaama it ugudnaaas

mae Ilih IvaludaTwaaluiamafenfidsnuas Tnssafeuunsioa dagiiuismaainan

o [ 1 1 o w Y é 49! "o o w 1 [ &’ a a é

disumsaanemas ihdauegnuinavesranasnudomaalsznnoddad

Tulndanundagu

TJa91iu DG lufianudaylumshanluszousmihaiiommndauuazdsuui
9

v ' Y
@mm?ﬁ%"mauﬁ'@mmﬁﬁlﬁmmuazfﬁmauﬁmuﬁu%mwaﬂasz‘uuﬁmmﬂ IBU

=

1. gua i1 I 185 1w 813 Tuiin anwdumIuvesussdulilih aawd
2. winiimesauaumaslnih @alszaenvih anudumumsnaamasluih)

9 @ o 1 Y { 1 (%
3. ﬂaﬂ’liﬂﬂ\jﬂum@\‘l DG Lmzizlllliﬂ“l/iuwcl"]fﬂQﬁLMﬂmﬁﬂu

4. MIMOUBVULENANLVUDE TS (Contiaiti et al., 2011)
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Y a dJ dJ Jd o a d
5. Wﬁﬂﬁzﬂﬂig‘l]ﬂ“lww']!!ﬁzﬁ‘H!'Ji’)ﬁ!ﬂi’)5!maﬁWﬁQQ]u!!ﬁ\‘iﬂTﬂﬂU

nansenuusan Iihonda amn 5 naassnvazussau Ilihuuaeilouns e
= Y ﬁJd' a g‘/ 1a g}/ J a J
n3l Inaatooas Tnanthunarneldtou lvAaauas ludaausadwasnumaeiiad uu
o A 1A o < v a & J o a o4
waan e lulimshauvesuilwiewlas msdasusaanasnuuaseriadiumsud lu
[ 7 1 I A o %
useauanlunsdl Tnaathunatamniu uansdl Inaadeeilu mamudamussau lWihend,
=S

Y 9 1
g9Unlusz1Y (Demirok et al., 2009) Aotiguatimsnnsausau Iidhnendargaee

9
Wmmwmwwﬂﬁmﬁ%mmu

Voltage [pu]
Nominal
Load
e >
distance distance
o POWEr Fv -
Mlow Power flow
Voltage [pu] Voltage [pu]
Light
Load
— . —
distance distance

PV

M5 ansacusaau IihuumesilounsssudiszrningInanisouas Tnanunai

SId' a g’/ A g’/ o Y] a 4
’G;f\‘]’s:fﬂﬂ'lflclﬁN’é]uulsllﬂ@ﬂ\‘llmgulhﬂ@@]fllcﬁﬁﬁWﬁ\‘]\‘]']ULLﬁQ’fJ'WW]EJ

ﬁN1:G)mnﬁoketaL,2009)
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6. wansz‘nmlmnmﬂﬁam?hsueaf’iaumwiemsmzmaﬁwm PV

A A &

= Aa v Y3 KR o w 9
NNITANHIUNAIINIY uﬁ@ﬂnmummm"lﬂﬂm aAvENNIITYNAANBNIVDN
] A A 1 o w a S Ao Y g}/ A A @
IWNAUMUDIESUU PV NNTE180Y u,agmmwamzmuwna”lﬂaﬂﬂmuauwmmmmaeum
] 4 o Jd v 1 o
mu”hJ Lﬁﬂﬂﬁ’iuﬂWaﬂixﬂﬂﬂl@\imﬁ]ﬂﬁmﬂﬂﬂa'I’ZJ mﬁma@ﬁweam‘uugﬂu,mmlmmmuaz

o w o { = { o o a J
amumgmamuuwaﬁ”lﬁ}mm PV luusnanmuua 0153180992535 IUNSAATIZH

'
A A

HANTZNUVUIZUUTINUIG FIINMSANEIMAAIND AN sSUUDImaIgadeninan 1dn1n PV
Y v

d’ 1 A o = o = dtd' A A o til
FHDINNINNFIUVUDIS VU PV NagyLes MIaeAnE IUNTANVIANUNIIA0IN

1 @ J 3 J o v A X A 1 =
Llﬂﬂ@'l\‘]ﬂu{lugﬂllﬂﬂlﬂ@il%uﬁﬂluWﬂﬂTﬁ\1Wﬁ@]‘ll@\i PV luiun szegvigvoaial 1-4 Wi

{ o w { 1 1 J I 4 o ¥
Gl’]i’l\icﬁ 5 L!ﬁﬂﬁﬂ’laniUuL%ﬂGU@Qﬂj’nﬁ]l PV ﬁllﬁag“]5')\1L'Ja’]slul;ﬂ'ﬂilclfuwﬂ'ﬂuﬂeuﬂ\i PV AU
;4 9

dmSunui 10 M319A Tawes Laad 15.9% saunamasgadsniswan PV lugaanar 1 uii

o

I Y 1 2 o = 1w ~ A o a o [ a
ﬂuﬂ]@ﬂﬂ“ﬁ?’lﬂ’lﬁﬂqmlﬁﬂlﬂ’lﬂﬂ 159 kW Gl,u 1 UM IﬂﬂiJﬂ’] INMITNAN IMW d1UITUNITHAR

o—

Y H 1 [
PV ﬁ1wu181uﬁuﬁ 10 A1519N Jatung 58‘]J‘]JU1‘V\"9V}\|ﬁhlﬂu@?@%’?ﬁ@\iﬁWﬁ’Q]‘lW”m1ﬁﬁ18hlﬂlﬁﬂﬂiﬂ

(2

) a 4 { o 1 o Y a o o w kY
MaIHanvee PV Uszanal 15.9% lununnananinldmaanuiumivveeimiae Inilu

9| o w a 4 1 I o w ~
szuulihhas anunanrarenegimaas anuinzdluvesthasgadsluanug pv

A 2 dal AR Yo A A o w = = dy A
i]ggﬂﬁﬂll]f]lfWMWHVI%QLLE‘T?N“@i]@lﬁ]ucluﬁ1i'l\ﬁ/l 10 WDMANgULAd 15.9% Tu 1w Tunun

o Y
a =K

¥ 4 ¥ 4
10 Glﬁ%ﬂﬂiﬁlﬂﬁ‘ii}%ﬁi\iﬂuﬂiﬁhﬂﬂ 5.5% Gluﬁu‘ﬂ 100 15190 Lalua g mumﬁuwmwmum

[

maa lfhgadeszlinuinigaegn 3% (Jewell and Ramakumar, 1987)

[

M3 5 Masgyded11TUNMINAAPY T2 1NN UNNH Y

Service Area Size Maximum Loss of PV for Interval (% of total PV capacity)
(square kilometers) 1 min 2 min 3 min 4 min
10 15.9 19.1 19.6 19.6

100 5.5 7.5 7.5 7.5

1,000 2.8 3.1 3.1 3.1

10,000 2.7 2.7 2.7 2.7

100,000 2.7 2.7 2.7 2.7

3N: Jewell and Ramakumar (1987)
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7. WANIINUMHSU PV DUSZUUNHIY

dadaudmsumadouns PV iiyeunu Iassine lWihiuua Tduiussau Idhenda

2 { (L @ @ { @ 2 1w a o § 1 o

FaUUNAAeTIN (PCC) 32ALLTIAUNINAIFITUBYALNTINIABDTVOITUUNANAIINY
[ 1 v 4
anvazmdouny Tnaanasuutlas maslwiharaaanszuy PV uaz Inseadanugivues
° } (% { { 4

SLUVTINUIY (Canova ef al., 2009) Tuodaussau Iihnnlasuasmeldaaiunsal ms
o A aa (= a g’/ = A 9 ' g’/
autumsalnan lulinsdaas DG wzdsunlauiionnanudesms Tvaamidu ms
nasumlasainanaziumsaruguuseau lhmiemsesnuuuaelloumng au
o w 9| A a A a = 1 A A o
mas Wihindalas PV fignwaasenuiiinnuaeiilowaznlasuamudoiumsaianne 1na
Wl lifinanuasmanuaunseau lihdnddmsuszuudmiie ssuudnai g

@ 9| o ' %JJ . ey
usagu lihendiszrinamsanasluIvaanaviue (Contiaiti et al., 2011)

=S
7.1 s1wazRealyn

wansznuvedussiu fhendafidarwene ile TnanluszuufiBinatoses
asafudusunsaf TnaadSinugeezildussiu lifhanfidareas dufusaaunsa 4
Midsnsnangegany Tnaagegaond lvusaduTifhanfidareae usedlsfam lidina
i ldus e liuRunhawasg muamasuadiie i sduinludaeaieiazan

NANTENUAY

'
A A

o Y o w J o a J
1. mﬂﬂﬂWﬁ\ihh'\H'}\hﬂNﬁﬁhlﬁlmﬂl‘ﬂfaﬁwaQQWNLLEN’E)TVIQEJ

o w

2. ayanaliouneswesasmmas lWilailiounnszun Irihmas

1 < U 1 o A o [ ] Y A
’fJfJNlliﬂGnll 11933714 IEEE 1547 21711 IAUUUaINTY Iﬂiﬁslﬂﬂl‘h/\h/\hﬂﬁm

'
1 o =

[ 4 [ a J = Y 9 A .
AULEAANAINTULAIDINGY ﬂ’J’ﬁJﬂW]’Jﬂigﬂ@‘]JIIWW"IWHﬂ‘]JﬁuQ 139 (Unity Power Factor)

3 @
saziihuldawngsziiovvesmsnruguussau 1n# (Parmar and Yao, 2011)
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v

VA VB

> 2,

i
Transformer 5
i
Distribution A B

Feeder

MNN 6 TTUUNHUIBUTIAUANADNY PV

‘?;m: Parmar and Yao (2011)

szunsmhe llfhus shiiaana PV naaslunind 6 e DG Aadafidumiis
« A nagdmumauiu Tnaafidumiadina Tnaasaw P, ﬁﬁm « B> darfuusadn i
90 A Nawmny V, =V - IXALﬁa vV Hunsesu lWihiianedlou uag | dunszualnih
sgnie Vg 90 <A meldanind dio pv indasds fludhgazuy (P, =0)uay
X, fumanudmuszning V. uazga <A > uazile P, <P aszualilih Juanles
N idle (P, =0) udide P, > P, midaliihgegaiindaldganiiiidaluihii inaadeams
madTihimderrgnadudh ldimetlon sufuiiamens lnavesnszualulfhey Ina
ﬁﬁmﬂmé’auuazﬁﬁm « A usagu Iihdawingy V, =V +1.X, e 1 flunszua’va

[

i Y 1 1 Y
dou nsdiasnanmsmaamad lnihves Pv mudurhldusedu lwihngadousndgaunas

[

Y H
mas Iihlnadoundudiszuy dnyuz vz amnsoaamasgadeouazussau Idhinda 'l
[ v T Y
advayuTagusaau Iihawainga 1d91n PV uaszun Roofiop PV usasu lnihimuay
A A A 1 9 4 4 = = 1 1
nlaiiFounolszneumeneuneiimeiafertediHanszNUADANINAUAUDA

(2

maa v 3 wla (Parmar and Yao, 2011)
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9
72 dywwssauiihmeldnmsauguuouaud

Tagna lszeznieninuvasusadu lfluagdsznn Inaaiuananagilseau
YaymuseaulWihan fasdhiinga16nn pv e lvanaduluilame s vesszuudmiiioda
= Y o 13 1o <} = 4 A Y
Hanudumus lddludgym uasdrslsnaw Aamesvesruuninmanudumugs oz
danan Ivinaunssdu Iiduluszuy Fwilalumsud lulamnensaauauus s luihn
daemennudoutlasIvih FeerevihldiRadaymnssau Wi luaodug atins lvaves

maelufhdounduiissdniesnie ilimageudenuwieurlas lihiiniuaw

uanalunini 7 (Environmental Impact Assessment, 2009)

Transformer

.
Owervolta

o s - -:%':-' B R e e e e R E R R

2

Distance e

[Undervaltage

[
IS

a7 Jayvussan lwfhansgniaussau dihnaslidaemedmsundoulas

31: EIA (2009)
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10. 35 3amussauInihliauga

1 v A =

JaymvewssaulWih augaluszun lih 3 wladlulaymidwadndymnil
TumsdasiendanuTiih szduusesu ihiRaan: Waugaiiraildnszuaiise i
Tnan 3 wlaRaanz lauaa ludeaumaii sz oy i liauaaovialdaims 1
augavesInan 3 wlaiine lFnunieernilosninmslfomTnan 1 wlanse 2 wla viema
§ansiiteiansae (Fauld nuy'liaunaiudefdudnamaui i ifaanig 1
augamalilihiuld msdnmedszolilih 3 wlaluanns liaugaaunsadnseld
MioU995 1 LWﬁIﬂﬂL%ﬂuﬂﬂi}iﬁuya 1 e (Single Phase Equivalent Circuit) (W51ZUU1A
ussduuagnszua Il lundazmlaiu nansiannd 7 udiiloszun lufluda luaugalai
aunsadnneinnesauyaniulaludazmlaiu udideszuy ihifa liaugase

[ a 4 9 a o 1 9
Vlllﬁuﬂiﬂ'Jlﬂﬁ'lgwfl]']ﬂ'gﬁfﬂiﬁuialjﬁ 1 L‘V\Iﬁ]lﬂ Llﬁ$ﬂ15'Jl,ﬂ5’]3ﬂiﬂﬂﬁi\‘lﬂ’lﬂﬁ\?ﬂiﬁgﬂﬂﬂﬁ]uﬂﬂﬁ

] a s A = A (2 ' v 9
q@ﬂ'lﬂiuﬂmﬂm@lﬁ'lﬁ@lim’058'1_|°L|1IﬂWiL“le]lIIEJ\‘Iﬂ‘L!@EJNGIfU%’O‘Ll

J . 2 3 axA J
94A15NOUANNIAT (Symmetrical Components) Wi HuATNaWTDnEndEDIV0
{1 7 o 4 : o
szuui ldauga N wlawesifluszuumawesnauaa N esnlsznouunudaziildis
a 4 ] A J
awnsounszdszuy Wi 3 maluanig ldauea lddrens1disesdlsenevauinas
v 1 3 7 4 Yy Y 4 o w
asnareniluszuumaseinauga 3 eedilszneusienu laun esdlsznoudinuuan

J o w J o w o
osndsenovaAuaL uag @Qﬂﬂﬁgﬂﬂﬂﬁ']ﬂﬂﬂuﬂ

TraamelulssnugaamnssuaulvailuIvaaauganazgrieudenuszuy 3
1 < 1Y 1 { ) 1
wler og1 lsnanuussau Idh liauaavzgnadindldszuusmieans 3 mla 4 aeluszuuy

wenden nagszuy 3 wla mavesussau Ivlih liauaa 3 lavzdananonszualui 3 el

a I a é‘

augaih Iigunglveswenesiguugigaliu (Kim et al., 2005)

U Y
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AR A A LR AN
= OO
MWW AN

s 8 guseaulWih liaunasluszouidh 3 e

10.1 1A3g1U NEMA finsalesidud lwihliauea (Line Voltage Unbalance

Rate)

H ' H Y
ansamum 1dnn usesau lihsgrnismendoanunnigansaula
H Y v
wismensaau liihmaena 3 walasinsanivuaveassau Tih ldnonsamg

15381 197 (ANSI/NEMA Standard, 1993) @3aunsh (6) — (7)

%LVUR = Maximum |VAB _VAve(L—L) ’VBC _VAve(L—L) ’VCA _VAve(L—L) | %100 ©)
VAve(L—L)
V _ VAB +VBC +VCA (7)

Ave(L-L) —

3
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102 11AIgIUYe4 IEEE usanlesidud lufh liauaa 1 (Phase Voltage Unbalance

Rate 1)

1 1 H Y
awnsamualann useau lwihwandeavunnigans 3 mawsdae
H Y H
usaau lihlamasn 3 walasinsanivinavesussau Tvdh liinsanyuues

15991 191#1 (IEEE Standard, 1991) a3a@un139 (8) — (9)

%PVURL = Maximum |VAN _VAve(Ph)’VBN _VAve(Ph)’VCN _VAve(Ph) | %100 @®)
VAve(Ph)
V Ve +HV,
it s e ©
103 a5z s IEEE usatlofisud ¥ liauga 2 (Phase Voltage Unbalance
Rate 2)
amnsamuin ldnn useau lihulandesvwnnigasgnnamaiug
04 3 lamsarouseau Iihwlamaens 3 walasinsanivuaveassau Tl
Wsayuvesian Wi (IEEE Standard, 1987) Asarunsd (10)
Maximum(V_,V_,V_)—Minimum(V_,V._,
%PVUR2 = (VYo ;"/) (VaVonVo) |19 (10)

Ave(Ph)
104 silsznounseau il hiauaa 1 (Voltage Unbalance Factor 1)

aunsamia lanneaiaivveanseau liihaauavuasussau Tuidrau
[ Y 1 I~ Qdd' 1 o d‘ a o @ d' o (%
van mytaaenariduasiuiud Womlauazuoundgadimiy 3 wmlafviinisda (ForTescue,

1918) Aaaun15n (11) — (13)

%VUFlz(\%]xlOO (11)

1
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1

Vv, =§(Va+aVb +a’V,) (12)
1

v, :§(va+a2vb +aV,) (13)

10.5 ﬁ?ﬂizﬂ@ULliﬂﬁHM%ﬂijﬁuﬂa (Negative Sequence Voltage Unbalance)

ansomua lanndandivvesuseau Iihavuavaoussau luihdau

120 M3 UL IdUITHIaY (Kim ef al., 2005) Aaaun13N (14) — (15)

%NSVU = 1-y3-65 %100 (14)
1+3-68

— V:B +VB4C +VC4A (15)
(Vi +Vi +V& )

10.6 ﬁaﬂszﬂamsaﬁuw%wﬂﬁau@a 2 (Voltage Unbalance Factor 2)

asomua ldanndasaivveausaau Iihdvuavaousaau luihaau
v W 1 3 axa oo A a o o A o Y .
170 M3daaana1udsnuuud walauazuounagad vy 3 anmmsia (Kim ez al.,

2005) A4aUN5N (16) — (28)

%VUF2=(\£JX100 (16)
Vl

\Vj 1 ' ‘A= iM2 2\/ - M3 17
1:§(VA+aVBe +a’Vee ™) (17)
\V/ 1 \VA 2\/ -iM2 'a~ M3 (18)
2:5( A +aVee M rav e M)

0

Vv :%(V,; +V e M +VC'e’jM3) (19)
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2 ‘2 2

gizcos-l[wﬂj 20)
2VC/—\ ><VBC
2 ‘2 ‘2

6, = cos™ [V—AB Voo Ve j Q1)
2VAB ><VBC
2 ‘2 2

6, = cos™ [V—AB +Ver Vg j (22)
2\/AB XVCA

O +06,
M, = (180” —%] (23)

M, = [180" —% 24)

(25

(26)

|
|
|

{2
|

(28)
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maan 6 mafFoudiouuseau Ivih luaugalulsa

Standard Phase Voltage Line Voltage Remark

%LVUR - 0.7014 ANSI/NEMA Standard MG1-1993
%PVUR1 0.7014 0.9199 IEEE Standard 112, 1991
%PVUR2 1.9719 - IEEE Standard 936, 1987
%VUF1 0.746 0.7646

V1=219.5792 V1=380.3223

V2=1.6786 V2=2.9074
%NSVU - 0.7646
%VUF2 0.7646 0.7646 V1=219.59 - -0.0861"

V2 =1.6789 - 156.6036

V0=0.8367 - -156.25"

A1 (Kim et al., 2005)

. = ] v o & ax o s 2 o
Kim ef al. (2005) 91nA135197 6 waas limuanudunusveadsms Janlodidud
1 9
usaau lwih luaugaminausluunanuaanan m %vur2 Sawmnunaluns e Iihld

1%

auganiannusaau lilule uazuseau Inihene

Jong-Gyeum et al. (1997) 34"@Lﬁ'w,ﬂ%mfﬁﬂuﬁ’u@auuazﬁmsﬁmmm
useau Idh ldauaaussau Iihwla vazussanldihseninae lumeldlvaaluauqa
dmiuszuy 3 wld 4 meszuy iaugaiieannnmshauves Tnaauazmanuuana
yoamanudumus i Idvunauazlavewsequ luihiia limdu usedu Idhsgnang

[ 1 o % < a 1 o [
waszldanaualndifessuanuiluasannnnmssiuia TaglFuseduma
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Pillay and Manyage (2001) yjaiunfSeuiion siasgussau'luih biauga 3
sy Teouseau lih liaugaawnsodald 3 35 wan ldnnnsdiaes fie naaesznang
11A551U MENA (Line Voltage Unbalance Rate) tazatlsznounssau Tolih luauqa (Voltage

[ A [ kY 1 1 @ J 2
Unbalance Factor) LLEAIANNINND 9 uazmmu”lwm”lmmammuﬂizmm 0.8 1loiFu uaz

[l < o Ao 4
ﬁQWﬂLaﬂﬁ)ﬂﬂiuﬁﬁﬂmaﬂWﬂﬂ (Derating) U3NDINDT

(— 22 Neres Ushabies & §% Nema Unbalance
0.023 f, j e \
5 5 / Boose| \ ‘/
g 0022 \ 7 a \ /
2' \ r"' % 0.054 \\\ ’'e
\ S &
3 o021 v '/ é 0,052 . pa
= ) V. o
(1717, — i 2 00504 . .
0980 0585 0990 0995 1.000 085 086 097 098 08 100
Line Volatge Eb p.u Line voltage Eb p.u
True <esaees Approx . ———True =+- ""ADC(OX‘/
(a) (h)
0% Nema unbalance 20% Nema unbalance
BN 4 0.236 \, A
¢ B Vi3 . .\ /3
8 o \ 8 027", o
& 8 oze| " >~ -
g 0.105 N Y 3 s
E L = 0209
. .-‘-. = Pag L 3
0100 Seee 200
0.90 095 1.00 08) 085 080 095 100
Line voltage Eb p.u Line voltage Eb p.u
e THU@  ss000s Approx Trug seee=- Approx
(c) (d)

4 o v ' @ [ 1
M9 AnudunusszrIe misznouusean liih luauqa nazuasgImEMA

P~ J ]
N2, 5, 10 iag 20 Lﬂﬂil%u@ﬂuauﬂa

fla: Pillay and Manyage (2001)

9
Y o 1 [ [ I
AUUMIAUIUAIDIN (Voltage Unbalance Factor) i]x“lﬁ’ﬂﬂﬂélﬁmﬂummmu
a 1y A o Yy A a o ' o o 9 '
viadoyainiunlddesinnuazdeagalumsdiunanazgaen msduamsaan Wil
I . [ 1 H
aunalaeld35 (Line Voltage Unbalance Rate) uiludnmuaennilslumsia msigainla

[ ) o A G =\ <3 9
%']ﬂﬂ1'i’39]u1llﬂﬂ']u’3m%$ﬂa1ﬂlﬂa’t]ufﬂ1ﬂﬂ']ﬂidl,w&ldmﬂLlEJEl
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11. 31531 IEEE 1159 - 1995

anuAadnaveusiau IWih luszuu Iihawnsanusldamunasgiu IEEE
4
Standard. 1159-1995 (Recommend Practice for Monitoring Electric Power Quality) Tuanuiveil
Yy a I 4 [ a a = 1
91DINWUINTFIU TEEE 1159-1995 Hlunauminisiananuiailna lagAnyiluaiuves
o 1 2 ] o

useau il higuaa (Voltage Unbalance) Guiluaniig luaugavessau Inlihluinasgu
o 1a J 3 4 ] 1 A = Y o A
mvualdhinu 0.5 - 2 nlefidud sdaeiiios Tnsseazideadunsouaasldniasen 7

(IEEE Standard, 1995)

MmN 7 dszanuazdnvazia llvesszun Iihuazdsingmsaiuaiman ih

Type of PQ Phenomena Magnitude Duration

Short Duration RMS Variations

Instantaneous 0.5-30 cycles
Interruption <0.1 pu
Sag - 0.9 pu
Swell 1.1-1.8 pu
Momentary 0.5-3 seconds
Interruption <0.1pu
Sag —-0.9pu
Swell 1.1-1.8 pu

Long Duration RMS Variations

Instantaneous > 1 minute
Interruption <0.1pu
Sag —-0.9 pu
Swell 1.1-1.8pu
Voltage Imbalance 0.5-2% Steady State

A: (IEEE Standard, 1995)
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1.1 sisznounseauluiih luaugaz (Voltage Unbalance Factor2)

usasu Wi liauga Ao usedulWihwesszuy Wil 3 wlanfivualunaas
1 (% < 1 @ a {
mlauanaaiu 0.5 — 2 woSidud vesausaiu lilihilnd wielyulan/aeuliain 120 eem
A a 4? gz 1 9 @ 3’, a [ 9 ] Y Y ~
Wsomalunsaeedanioun vasiontomuusian luih liaugaldlagldauisunu
1 d' [ 9, g}/ = [ 1 d' [ 1 a [}
gaganinaunasvowswau lihmsawlafeunuaunaesainan aunqinaninaam i
augavosuuia naa luuaazla Fwseau lvih luauga awnsamnualannsasiaiu
I o A % o w 7 e o o =
Yo303AlszNEUdIAUAY WioeenlszneudALgUd ApednlsznoU@IALLIN AIN TN 10
M 1
dawari lvgunsal wru vemes ndeudasliih Tegmslsanuduaniieunanmavesni

FouniNAvY (Dugan et al., 1996)

n
i

Voltage Unbalance (%)
(8, ]
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flan: Dugan et al. (1996)
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12. usaaulvvharuilseznovananas
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ngufUszgnd I lumsuddymszoy N wlah biaugadiomsimsigrdnnszoy N wlah

dy =1 1 4 9 = 4 G Y
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Va2

Va0

Vel

Vb2

Ve2
Vb1 Positive Sequence Negative Sequence Zero Sequence

n:' d o
HNNN 12 §$UU!WﬁL%@iﬁ?ﬂi%ﬂ@ﬂﬁMh'ﬁi
f3N: ForTescue (1918)

J o w .. 4
29A13ZNOVANIATAAVLIN (Positive-Sequence component) Usznoudiomlaixes 3

d'd 1 QJ \ U
LW@"I’IM‘UHW@W]TWHLL’Q$‘J§3JG]NLWﬁ'ﬂ‘Ll 120 93/

J o w . 4
osAlsznouduIIaTaIAAL (Negative-Sequence component) Uszneumeaiyesd 3

d'd 1 L A U
LWﬁVI?JﬂJ‘LHﬂWHﬂ‘L!LLﬁ$‘J;liJG]NLWﬁﬂLl 120 93

4 o w 4 9 4
99A13ENOVANINTAAUFUS  (Zero-Sequence component) Usznvualemlaisas 3

St "o ' o X o =
LWﬁVI?JﬂJ‘LHﬂWHﬂ‘L!LLﬁwgiJG]NLWﬁﬂ‘Ll HITNWITDLTANANTUNITN (29) — (34)

V.=V, +V, +V, (29)
V.=V, +a’V, +aV, (30)
V. =V, +aV, +aV, 31
v, [1 1 17V,
V,|=|1 a® a ||V, (32)
V.| |1 a a’|V,



30

a=0.5-j0.866 (33)

a=-0.5+ j0.866 (34)

I ' o
V..V, V. dluswseau Irlihaessgun Tldh
V I 1 @ 4 o w J
o Wluaussauesslsznouauniasdinugud
I v @ o w
V, dlunussduesdlsznoauanasdiduuin
V I 1 o 4 o
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A g o w1 Y 1
NnFuNIIn 29) -  (31) mmﬁa“Hwmﬂﬂizﬂauaummmﬂumm”lﬂinﬂm

v Y
useau Iihvesszun Ivlihn liauea ldasaunsasil

VA :%(Va +V, +V,) (35)
1

V, ==(V, +aV, +a’V, ) (36)
3
1

Vv, ==(V,+aV, +aVv, ) (36)
3

v, [1 1 17V,

V,[=|1 a a*||V, (37)

V,| |1 a® allV.
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13. Annanmssarliihiigadieqluszuus e

1NUNANY Cobben (2007) Muraszavusaau i luszauussau Iihduazau

3 A 1 = @ A
ﬂaNIﬂ‘t’Ji%‘U‘UL‘l]‘L!ﬂTi!%@N@]ﬂllﬂﬂlﬁlﬂﬂﬁﬂﬁﬂ?Wﬂ 13

Uy
switch open
@ L L2l @ L 4
HV ® ¢ ® 4 & gk
1 2 3 4 5 Ny,
[ \
f
@ 4 ® L
N. 6 5 4 3 2

d‘ o ' (2 :a A d‘ ! =S
MUN 13 TCUVNHUYUIIAUATNUNITIBDUADLUU VLT IRYD

#131: Cobben (2007)
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HAAIAITNNITA (38) — (41)

Nm N P Nm Qj

AU, =2, Zr;ﬁ xR jsin + ZW XX .11 (38)

i-1 = =

mafasuntassaiu i lunsdtoutas (AU;)

Ni P Ny Q.
AU, = ——— |xR +| ) ——= [x X, (39)
s Sos)
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maasuntaassiu i luTaseiensed (AU))

N N F) N Qj

AUL:Z Zm xR+ Z—% X X i (40)

i=1 j=1 j=1 UL j %
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uNL:Tlx(uM_AuM)_AuT_AuL (1)
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R, — mAud i Taseienssdunate
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R — annud i Tasethens e
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ami 14 naaaldiftuseamunisaiius s ihdesuuluszunsmiei 185ums
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M 14 szauusaau Iihndaaam) Tufada (v) Anaa DG
fi3: Cobben (2007)
13. szuvlvihasula
a Iﬁ »
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b ]b
I I
Network A ¢ c Network B
an Vb” V(‘” I”
g —»
MNN 15 5200 3 a4 ae
@ I 1% [
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V, =V, =V 20

V, =V, =V, £ 120
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V, =V, =V, £+120 (44)

usaaulwihane v, naalddeaunisi 4s) - 47)

V, =V, -V, =V, £+30 45)
V, =V, -V =V, £-90 (46)
V. =V, -V, =V, Z+150° 47)

AUNIN (42) — (47) ansadeuihuaoaanni 16

20/

M 16 Waseiveusaau Ivih

#31: Cobben (2007)
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[

NHMUS
o -d'
3 e 4 918 UAAIAININT 21
Line
Q)
DIgSILENT Project
PowerFactory
14.1.3 Date: 5/1/2014
Grid: Syst.Stage: Annex /1
AR Line Type /1
Parameters per Length 1, 2-Sequence
Max. Operaticnal Temperature g80.0000 °cC
Resistance R' ([2070) 0.7710 Ohm/km
Conductor Material Aluminium
Parameters per Length 1,2-Seguence
Susceptance B' -6930 usS/km
Lk Factor 0.0000
ters per Length Zero Sequence
tance BO' L6430 usS/km
Factor 0.0000
Max. End Temperature 0.0000 °C
Rated Short-Time (l1s) Current (Conductor) 0.0000 kA
Frequency Dependency of Pos.-Ssquence Capacitance
Capacitance C' 0.014% uF/km
Ccl' (£f)
Frequency Dependency of Zero-Sequence Capacitance
Capacitance CO' 0.0052 uF/km
co"® (£)
Frequency Dependencies of Pos.-Sequence Impedance
Essistance R' (207C) 0.7710 Ohm/km
R1" (f)
Inductance L' 1.1130 mH/km
L1 (f)
Frequency Dependencies cf Zero-Sequence Impedance
Resistance RO’ 1.2230 Ohm/km
RO (L)
Inductance L0’ 4.1610 mH/km

(V)

M 21 nuusaesenazdeyannslnes
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Photovoltaic Generator

(M)
DIgSILENT Power | Project
Factory 14.0.523
Date: 2/6{2013
Grid:Grid Syst.Stage-grid Annex: Jil
Static Generator 141
Category Photovoltaic
Dispatch
Voltage, U{L-1) 0.40 kv
Active Power 1-10 kw
Reactive Power 0 Mvar
(V)

Y o J v a J 1 a 4
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Y o = a J
ﬂ"l‘l/‘lﬁ 23 uuumamTwaﬂuazimamaaﬂwﬁmmai

DIgSILENT Power | Project

Factory 14.0.523 - o
Grid-Grid Syst.Stage:grid Annex: n
1 2-Winding Transformer 11
Technology 1PH PH-N
Fixed Load
Load type P cos(phi)
Voltage, U(L-L) 0.40 kv
Appearance Power 11-33 KkvA
Power Factor,cos{phi) 0.875 ind

(V)
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Impact of Increased Rooftop PV Installations on
Voltage Unbalance in LV Distribution Networks
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Abstract— The rooftop photovoltalc (PV) Installations of the
residential and small commercial bulldings in low voltage (LV)
distribution networks are expected to rise as the driving forces
from national goals for growth in renewable energy usage and
ereenhouse gas reduction. With the random locations and ratings
of single-phase rooftop FVs, the power quality issue of voltage
unbalance within the LV distribution networks will be of great
Importance. This paper presents a study on Impact of increased
rooftop PV installations on voltage unbalance in LV distribution
networks. In this paper, the single-phase rooftop PV is modeled
In Matlab/Simulink. The developed model is then used to analyze
the voltage unbalance under different installation locations and
ratings of rooftop PVs. The obtaining results can be used as
culdelines for eleciric distribution utilities to determine the
maximum PVs installations in LV distribution networks without
affecting the voltage unbalance issue.

Keywords—Low veltage distribution networks; Sigle-phase rooftop
photoveltaics modeling; Voltage unbalance.

Komsan Hongesombut
Department of Electrical Engineering
Faculty of Electrical Engineering, Kasetsart University
50 Phaholyothin Road, Chatuchak, Bangkok 10900
Thailand
Email: fengksh@ku.ac.th

sides can become unbalanced. This will significantly affect the
power quality of the voltage of electric power distribution
when a growing number is large. Obviously, the evaluation of
voltage unbalance at various distribution connection points
should be carried out at the planning stage so that the
maximum allowable number of grid connected rooftop PVs
without affecting the voltage unbalance issue can be obtained.

IL  THE DEFINITIONS OF VOLTAGE UNBALANCE

The voltage unbalance has effect on the three-phase power
electronic based equipment in the LV distribution network [2].
Voltage imbalance is regarded as a condition in which the
three-phase voltages differ in magnitude and/or shift in its
normal 120 degree phase difference. Presently. there are four
well-known voltage unbalance definitions [2]. These are
described as the followings:
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The obtaining results can be used as guidelines for distribution utilites
in the future to determine the maximum number and suitable location of
the installed single-phase rooftop PVs.

Keyword: Low voltage dstribution network, Single-phase rooftop PVs,
Voltage unbalance.
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Analysis of Voltage Unbalance Due to Rooftop PV in
Low Voltage Residential Distribution System

Churit Pansakul' and Komsan Hl:rlgi:scrrﬂhl.lt2
L2 Department of Electrical Engineering, Faculty of Engineenng, Kasetsart University
50 Phaholyothin Road, Chatuchak, Bangkok 10900, Thailand, Tel. 02-7970999
E-mail: cpansakul(@gmail.com', fengksh(@ku.ac.th®

Abstract—Due to crisis shortage of electric power, global
warming issues and pressure on changing energy production
from coal-fired power to renewable energy, the solar energy is
becoming increasingly attractive. In Thailand, the government
has approved energy department plan to increase its renewable
energy target, which will include three and single phase PV
installations. This paper presents a study on voltage unbalance
due to the increased roofiop PV installations on low-voltage
residential distribution system. The single-phase rooftop PV
model is developed by Matlab/Simulink and is used in the study
for analyzing the voltage unbalance under different installation
ratings and locations. The obtaining results can be used as
guidelines for electric distribution wutilities to determine the
maximum PVs  installations in  low-voltage residential
distribution systems without affecting the power quality issues.

Keywords—  Low-voltage residential distribution  system;
Single-phase rooftop PV: Voltage unbalance

L. INTRODUCTION

Thailand is risky to encounter the issue of energy crisis in
near future because the country has to mainly rely on imported

distribution when a growing number of installations is large.
Therefore, the analysis of voltage unbalance should be camed
out at the planming stage so that the maximum allowable
number of gnd connected the rooftop PV can be determined
appropriately.

1. LOW-VOLTAGE RESIDENTIAL DISTRIBUTION SYSTEM

A. Distribution voltage profile

When the rooftop PV 1s operated m the low-voltage (LV)
distribution system, the voltage profile will depend on the
power output generated by the rooftop PV and the line
impedance. The distribution feeder shown in Fig.l is used to
evaluate the effect of the rooftop PV on voltage profile. The
rooftop PV model 1s simplified like a controllable current

S0Urce.

Y o 1 i~ A o @ a
fﬂWN‘M'Jﬂﬁ 3 @981 UNANUAANUN IUOUFUNUINIIFING The 2013 International

Electrical Engineering Congress (IEECON2013)



149

ﬂi%’?aﬂ"liﬁﬂ‘]eﬂ HazMIMaY

¥o —uNana

U A = d' a

Ju o 3 ida
da

aouning

sz Iamsanmn

o v L%
dmrvatagiiu

d‘ o U
ﬁﬂ1uﬂﬂ1ﬂ1uﬂﬂﬁﬂ1—!

a0 ~ U a
NANHAAHIAS/H11995193aNMIV NS

= d' Yo
‘Vjuﬂ1ﬁﬂﬂﬂ1ﬂl’lﬂﬁﬂ

'
weygnsi e
21 WOAINIBU 2529
FUNo0 FIMIANLITUNT
Panas Imnssusnaastiadia Gaanssulnih)
[ = Y =
uaema IuTagnszaeuna 15Uy
AINT 72AY 5
ueunAIANMIe Il nesnruaNazIingIsnn
9 1 a % [ 5 =
3 Idhaaugiinig wa 2 Manan 194 inwals
TATIMIANVIINHONMIIFINTHAS AU
ATy sz ms dhdiuginig uaz

MﬂW%ﬂﬂ?ﬁlﬂm‘H@iﬁWﬁﬂg (2555)





