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ABSTRACT

This thesis aims to study approaches for selecting power distribution
system improvement models by analyzing financial losses caused by faults in the
power system. These losses can be estimated in two parts. The first part is due to
power outages, which result in lost electricity sales opportunities and power
restoration costs. The second part results from momentary voltage sags, which affect
electrical equipment sensitive to voltage variations. This method involves simulating
faults at various points in the power distribution system and assessing the impact on
electricity consumers in the industrial, commercial, and residential sectors. The types
of power distribution system improvements studied include changing the type of
electrical conductors, changing the type of insulators, and changing both types
simultaneously. The results showed that the total financial losses from both parts,
when comparing these losses before and after the improvements, provide information
for decision-making in planning power distribution system improvements efficiently

and economically.
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TumsAnwiionsusudiuussseuud el laefiansaneugydemasi
nsudlesnnanufanseslussuulnihideiu Snquififetos fed

1) msUszliumanugaydennmainanuiansaddussuulimes
2) msUsznarAsEsEIINMsIAnLssiuanTIval
3
a
5) mssnaulaamulunisusuugsssuudminglin

mMavszanumANudsmenmMsiamnnsalniagu

)
)
) MsUsuUgeszuuTmnglih
)

2.1 mMydszdiuAmugdenmsiiaadaransasuszuulniigs

msiinanuaansedluszuy g Tnevhluszivauuuanuins (Symmetrical)
wazlilanunns (Unsymmetrical) 33u 4 guuuu [1-2] loun

1) ANURANTDILUUANNAT 3 a (3 Phase Fault)

2) anuRansesasiuwuuliausIng 1 wa (Single Line to Ground Fault)

3) anuRanseshuuldaninng 2 wia (Double Line Fault)

4) anuRansesasrutuuldannins 2 wla (Double Line to Ground Fault)

ﬂ'wmquyL?ﬂa‘maﬁmmi@uﬁ%ﬁwmiﬁﬂmﬁ UINNANANURANTDIIUTTUU
T §uddamaliinmarudesmeinty annsauenlddu 2 da [3-4] feil

2.1.1 Loss from Voltage Sag (LS) fie Annuidemediuvasgldlninainnisiia
uLsadunndavay wdwihlvgunsalfidanuldemauasuutasesusadulniininnis
neAvedn WIeviniauRnung [5]

2.1.2 Loss from Power Outage (LO) Ao A1A31ugyidslontalunisdiniieg
was Ul lglelnihannisifiamanisallndidu (6]

WethArAudemeiiintune 2 duilunsiuiu asiiiaiunsadssdiuainig
gysdenenunsduiiinananuiansedtussuuliimasld auama 2.1



» Losses from Voltage sags (LS)

Financial Losses from Faults (FL)
FL = LS+LO

» Losses from Power Outages (LO)

Vn = Normal Voltage

= = 1% a a a ] o w
AN 2.1 ﬂ:ﬂll'ajfy]LaﬂmqﬂﬂWUﬂqiNuf\nﬂﬂqﬁLﬂﬂﬂ’JFmN@WiaQIU§3UUVLWﬂ’]ﬂ']aQ

2.2 MIUTTAUAIANUFYLHIINNITRALTNUANTIVY

nadausaulifiandhuazduialdnnvaieang Wy nsamsnuemasuun
Tng) mslvmdsnuiumiioutas uazmaneuiansestuszuulnin Jeamnsavivligunsel
#1a 9 vaagltlaidn fisinailasionsiasundasueussiuludi 1wy gunsaldidnnsedind
f1ds fimsvieufinnd wievgnrhauld ldAedieudemenis q felunimsiay
eseu 1wy Arandndeme AUnesne wazAndalentalunisuteduniegsio WJudu

ﬂ’awmqu?ﬁaﬁLﬁmﬁﬁummﬂﬁLﬁmLtsaﬁumﬂ%ammxﬁ?u u5ainsUsEINMNAT
funsiidesnmslussuudmhelnitld Tnedoyaddyiidemauie duuafmoinaiia
wssulatiandivngluseud Ssunfagldunanmstiufinumansaifiinduieniediod
Anssluszuuliin udeainnisUsefiudae38n1suuuds (Stochastic Assessment) G9dias
Usaifiuite aune szesinan wavduuediiAnussduandaune mnfudeinsyssanaen

Anugydsnnmsiaussrunndlvagiuszuu e nfiasely [7-8]



2.2.1 AAMNAANNVBILIIAUANT VUL (Definition of voltage sags)

ATUNINTFIU IEEE 1159-1995 Ws9dunndavs AoN15anvuInveshsnuadbty
9g5811319 0.1 54 0.9 Woesednvausaiu RMS Uni neluszasiam 0.5 luda §3 1 Wi [9)

L5991 RMS

A
1 wsasulnAUng
10pu I\ [
0.9 pu
LIIAUANT IV
A
SEEYIAN
A\ 4 >
380

A 2.2 Wsesdunndavniy muLAEY IEEE 1159-1995

2.2.2 n15USSUIUINVRINSHNATIAUINT AN TV

WetinauRansodluszuulinnIds n1sAuInILIATeL I UANT IV
N9aLBNRB3IU (PCC : Point of Common Coupling) kanslunny 2.2 uagaiuisanila
INNYNTUUILTIIN (Voltage division) auaun1si (2.1) [10]

Eq PCC

Fault

AN 2.3 2asauyaveImsiinanuRansedluszuulndiieg



Zg

Veuo =5——E 2.1

Tne?
Viag Ao wsenuliendivasiisumls PCC
Es Ao ussiuvasuvasing

Zp Ao Buiiuaudsgnirsiumisimuiiansos uag PCC

Zs A9 DUNLAUTVBIAI18T PCC

2.2.3 M3UsziliuszezIaIveITiaLsIRUAN T vME

srziavsnnAaussiunndvarluuiazafaduansoussdinldann
srozamsminauiensssuesgunsaliesiu Susaguinazinafililunisiidaiaiu
Juegfuuiuaveinszuaiansosiluaiiugunanidestu Inonisiidinszuaiangas
WA wINMsEEEnaT UM YnuresgUnsaliaifuainnvaudnuae 181 - NTELE Vel
qﬁﬂiajﬂmﬁu (Time-current characteristics of protective devices) [11-12]

Tunsufiaarlunisdrdaanufiandesduazifuluaunisiagidu
s (Coordination) Tumsvisuvesgunsaltlesifu a1namil 2.3 uaasliiiunisiin

'
al

ussdumndaisiian C uay B apfiuldidumisioglndfugaiiinanuiansosas sy
usafunndavneiigind uarsregna N sinussfunndinrariueg fuszesinarlunis
yhauresgunsnitiesiulasldenszuadinugunsaiiy 1 luumsiAeanufanieadudiii
fmunszezaInsiudslunsdussszuuisifiva (Radial) sxligunsaiiesiuegsu

LA EaR1ULRY Y [13]



115kV 22kv f— ]
|:| F1 1500kVA 480V
C 3 phase fault
] @ ] F2 1 ~
) P N
20MVA B A
[ 1_E3
Voltage L]
A
1.0
Voltage at C
and on
0.5 — F1 &F3
Voltage at B
0.0 , , >
Time
0 Begin F2 F2 F2 Fault F2
fault open closed open clear closed

AN 2.4 sreziiaInsnakssnuantivaslussuulninmigs

2.2.4 N15USZLAUITUIUASIVIINISNALTIAUANY IV
F1UIUATIVRINITLAALTIAU TN AN TV T EULUIAINUNUNIUR D

wsaulndieunnsgIu SEMI FA7 Bellnnanuaien1snauaueiievuInwsfuLas sEesLIm
v siiausatulniandivauziluiunuvesgunsalliihifnfsegaudasiie q Tussuy

gl uandlunwit 2.4 [14]

% Normal voltage

A
Normal Operation
= SEMI F47
70
50
Malfunction / Trip
>
0 0.05 0.2 0.5

Time (Second)

A9 2.5 kAU usielsiulninuansgIu SEMI F47



uIuATIveINsinuinunfvesgunsalluihudasda awnsodula
MUENNITN (2.2) [15]

m
NT:ZFLPLPL (2.2)
i=1

et NT  Ae fwiuasaigunsalinanuiaung

F; #e dnsnsiinanudansessiel vesa1e39asi i

P; #e eavuiiasdulunsiinenuiinnsosvesaneasasi i

p;  fie dnsidumsihnulinunivesgunsaifionnuiinngesisasi

m A8 IUINNATAINUA

ldirefinannsifaussuliihandauasludmesdldlniniidetuain
msvgavhauesgunsallaiily anaseuwuslailu 3 Usziomlugj laun

1) anugaydsaunEnsioe (Wanduel Jag nskdn anug mav)

2) eugdeifetesiuussay

3) alddneasy (@unseidene deloma Arldane vas)

Tngld9167AnTua1NN15MgR9IU (Cost of Downtime : CODT) a@111190
fuanilel muannnsil (2.3) [16]

CODT=X+Y+Z+H (2.3)

=b_

lng X fo Ausswesgnindilasunanseny

2

Y Ae AuAwseusnmisiigayideainnisveainau

7 @ enlganglumssuaunisyinaulyd (Restart)

H feo dunuuss (Hidden cost)
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Arpuagdeanaaiiadulussuudmitelnidy lnannsiinasiudd
AnuagydevasuiazUanigunsallwihifianulwisussiunndivausinaeg amnsafuim
Iomuannsi (2.4) [17-18]

k
LS = z CODT; - NT; 2.0)
j=1
Tned LS fe eenugadeiiinanussiuandavas ()

CODT; fe Al¥desianssainmsvegainauvesgunsaliiva
NT; e Suuassngunsalyinnuiauniivesda j

k @ Suudanausilesuainudeng

2.2.5 F5ALUaN5NAAIURANIBY (Method of Fault Positions)
JuasTiuszfiussiuussiunndiva lnesMur uuuInkazsLee1a1910N 1S
AemnuAansemans 9 suwmidiausaiaiuldlussuuliihmduezdmwalfiiausswiunn
Frwar a1 sumisiiaula ndsindanmaifinvennuiiansssveausiazaunsalinionsan
swilFannsodasiaundatenuiivesnmsifanufiansedls [19]

AN 2.6 BUIRUSITURATIvaMEdIung o Tuszruulwihmduliofinanuiansosdu
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i 2.6 WeRinsannisiinaufinnsesiidiunimidsuuasds wivi
ThAnusesumndavarluduinasey 4 Tussuu duvenseduazuanslifussiure sy
AnavauETiAaTuTiEueAng 9 BAFINTUITAIUMINITANANURANTBIALNINITAINUA
fumiafiaulandrfansannsiaanuiangesiiviuidy o flanunsaiintuldluszuuin
danangnslsrosyiuussuvawhumisiaule

2 3
L) ) ] 7
1
8
|: 2
e
1/8

N
v
o

N

3 4 5
[ [ [

25% 50% 75%
»ld »ld

(o)

4
A
4
A
4
v
4

-

1/4 1/4 1/4 1/8
MNA 2.7 AISIAUAGILAUINI TN ANURANT DS

NINTUIE18EI817 100 LAl AN 2.7 TONSINISAAAIURANTDY 8 ASIAD
100 Alawns set wazANURANTee 10 ASY fe 100 aandlnirges el dusumuiiansas
ﬁLﬁ@iUizUUﬂzQﬂLLmuﬁuaﬁﬁmemﬂﬁmmmﬁmwim 8 ALY At

1) AU 1 way 8 wamanisiinmnuRansesluaadlniday
2) ALNUIT 2 BaY 6 WEAINISINAANURANTDINALrUslnanuandinigae
3) FLYUN 3, 4 BaT 5 LEAINISIAAANURANTBINGILAUS 25%, 50% way 75%

TusagmLrian1sHAANURANTD ANUDITUIA TLELIAT WALANUDVDILIIAUAN
Ty auntanaulan i dus W nLINITUIARAIMALT 1 d1U150A1LIULARIATI9T
2.1
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A15197 2.1 WanlaaNNISUTEEIUMIEITAILIUINITIAAANURANTDIVDININA 2.6

ANUD WA STETLIEN

el FAUINISINAAIURANTD e5A o) ()
1 SamuRansesfianndluiges 0.1 0 180
2 AanuRensesvuansddlnanuamilniiges i 0 80
3 amuRensesiiszes 25% vesanuds 2 32 90
4 euRensesiiszes 50% vesanuds 2 49 105
5 amuRansesiiszes 75% vesanuds 2 57 110
6  AmuRansosiiszes 100% vedanuas 1 64 250
7 emuRensesiiszes 0% vesanedwiilng 2 64 90
8 UamnuAansasluaaniilaiingesvinalna 0.1 64 180

NAITIN 2.1 A5V T UENHUSUBIINTIEAIAIIUAUILUUYDINITARALTIFU
ANTIVUETULAAZ Y IVUINLAL S EZIANININNT TN 2.2

A157199 2.2 ANAILDNTSLANURILSIIUANTIVNL IULARE Y NVUIALALTEELLIAN

YU syozan W fadiundl (ms)
(%) 0<100 100 - 200 >=200
> 60%-80% 2.0 0.1 1.0
> 40%-60% 0.0 4.0 0.0
> 20%-40% 2.0 0.0 0.0
0-20% 4.0 0.1 0.0

mMsmumsERULsIRuRnivueieIsi i nAnAnuAanseiy Tuusiagqadi
Suanarlidufinaudunindiisefuluynads dufuisnsduauuuddeddlysunsy
aeufinmesintrslunsiuianazitiinnumnrauiiesldiussuuiitlvunslnguasd
JoyadnuIuun
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2.3 mMsUszanuAInNgydeannsialinigy
msUsznamAnugdsnsdiiiamnnisallsihduiiamananmsiinainuin

[

wsadluszuulninids ianewgadeiifnen 2 g dail

1) msagidglenialunisvelni vie wé’mulw%ﬁwqmw (Energy Not
Supplied : ENS) [20]

2) aldrefisudulunisluyszuudmingli lnduund iwu ardremifney
ovlnagunsallii uasisudomdssoous

annsaduanldnuannsi (2.5)

q
L0=2Fp-Lp-(Up-TR-EC+RC) (2.5)
p=1

Tnei
LO  #e mwidemevinunainnsfamgmaailnihdy (um)
E,  #o dwauediwesniafammmanlinihauly 1 9 7 anedani p (afynu./d)
p A8 SEEENIesEudni p (Mlawms)
U, @& swudldlihfaewgmsallwihduiuiianssa p @latas/ed)
TR  #e svoznanadslumsudlalaiingy @y
EC  #o dnseluih (bin/viaw)
RC  #o suvuadsildlunsuflalaiiheu /ey

q A IUIUABFNITIIUR
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2.4 n13UFulgeszuumUnelng
mMsUFuUssszud gl muneds nszurunsidudunaionauiaz i
Usgansnmvadlasadnglnihildlunsdslihanaailnivieaniaglnludeiuiiaaly

a

fudishs 9 Wnesatiufinisuiussenudniefio anuuaenis uasuszansamlunisds
Iwihlsiaenadesiunnudesmsfidsuudasly
dnfulunsinuadidagiduionisusussssuusimdnglniiasdreldszuy
iafiesnIn Anusiuas uaztIsanANugEsNLsuAniIvaLazIN AR YT
Tnsmawasugunsailuin Jadunszuaumsigatumsifivanuindedowazyseannm
yosszuumheliin lasnsiasugunsaifildaueglifinnuamnsasessunsldanud
Uaonfudetu uazandiuiuadivosmaiinanuiianiesadld degragunsnidiinng
Wasuuaslunsusuusassuusmnglifn fdd
2.4.1 mMawAsuselnih (Conductors)

anglih Wudiuddglumsdsinendanulninnaanddglwludadldeu
mswdsuriinvesaelniniforgnisldnuumn vieaefislvualifsamefuanudenis
Tnanfliiutu dsanmsgadendasiu (Energy Loss) uaganrundsdlumsiialiiidanems
viveaudemesogunsailuih

anelihdldlussuusmhelinduaeiifivunalng ludnvazdnhinde:
anunsaudasentiiliu 2 Ussian e

2.4.1.1 aewdes (Bare Conductor) a¢ldezafiilonidudlndin wsed
sAgnimesas uazimdniuindy  usaneergiidoudiuararinsouuseielden Jed
msmuiieliansnsuusaidldgetu nensfinden weziaduunuman vie 1langdu
waty wiadu

1) awergiionaiu (Al Aluminum Conductor)

wivldauluiuiifeginsanmetioemiunit 1 . Fuld

d
fiflszezieseninaen (Span) 100 - 200 w.

2) maaggmﬁammumﬁﬂ (Aluminum Conductor Steel - Reinforced)
dniuldeuameusnuiegmainueilmeziaiunit 1 ny. duly

aal

N szeLagenIngEn (Span) 200 - 400 4.

3) anglwihalinezgiidenide (AL Aluminum Alloy Conductor)
dnsldnuamzuinuiogmsnnueilmeialihu 1 ny.
fiflsragainasewinaian (Span) 100 - 200 a1,
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(a) (b) (©)

A 2.8 anewdes (Bare Conductor)

(@) awaralisuaiu (ALl Aluminum Conductor : AAC)

Y

(b) awaxgﬁﬁammumﬁﬂ (Aluminum Conductor Steel — Reinforced : ACSR)

(o) anglhwiinevaiiiieada (AL Aluminum Alloy Conductor : AAAC)

2.4.1.2 awvuauay (nsulated Conductor) Wuaneilldezaiidoudusi
Inthuazfuseaunilih Wedestunisdnises wady
1) awergiideuviuauiuuuuliuiin (Partial Insulated Cable)
dniezgiiflouudiauiu XLPE 1 4u vinlwlianinsnfiazunsdes
Tngnsailesainauiuuns msldeulaidulueimaiiugnirsuuaiiiiunuaeiudes
ansadestumsdnisasitasmanaungislsiunzanslni fifnveanszuavesans PIC 9
whfufitavesaneildeeiifivunadientiy
2) meezgiidionsiuauiusestunuulsifufiftn (Spaced Arial Cable)
dnhozgiiluuviudisauty XLPE uazaziiuden (Sheath) fiviann
XLPE sfuauanudndunils sifidad (Shield) Sslianmnsofuaualnihitoonandniild nsld
suFesiadauuaualiiid Bondn Cable Spacer
3) awaﬁmmmwmﬁmﬁﬁm Cross-linked Polyethylene (XLPE)
frhalvedunesunsinde Jaduesii vhdeansiaing e
Taualufinszansessasinaseluiuidafitaoannisiin Break down auau (insulation)
Lﬁu%uﬁﬁaﬁm%aﬁﬁﬂﬁmﬁqﬁwé’wamu XLPE 1Udanuen (Jacket) @131y Polyvinyl
Chloride %150 Polyethylene Alauaiuaanwazary dndusunatswds Snld Polyvinyl
Chloride nseidossiansfnlyl anizdl Polyethylene Sildauduass iiesnnusioanin
futhernia seiindauisaiuasy Tuormesieilsnudly wilouddldau esaniinan
whauss numuansanuserule
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(a) (b) (©)
mwﬁ 2.9 awiWﬁwﬁ:mmu (Insulated Conductor)

IS %

(a) awergiliflewinauiuwuuldifiuiina (PIC)

q

[
=1 % U

(b) anarglillenuauiuasstunuulivuiiin (SAC)

q

() aneuAIURUURANTANA (XLPE)

2.4.2 mswasugndagluiila (nsulators)

gnénglwi i dudauiudestunsinavesnszualiiinludiuil
fioans 1wy v lilihuazanelih msdeugnieiidenanmuiodomeluidugnie
Tifvumusioanwernakazussiulilin szdasanenudssvesliiindnnies wagifiuaiy
iafsvesszuuliinlel viiavesgnéneiTdlussuudminglwihdvansuuy Téun

2.4.2.1 gninefiuass (Pin Type Insulator) lBaaellvniaogiuil Taswia
awaglusesilogauuurasgnineignieUsznaudednvatedy dudaisladuiaiy
\ndeniadouansnadal (Semi-conducton) Mifiusiaseaduasll duuuvesgndie iile
Jestumsiinlalsnuazmsiinaauinglusuniussudemsiiogndides

2.4.2.2 gnduwyie (Line Post Type Insulator) AG18aNI8AMUATISTIUAT &
pasfur FdlhAnnanenzaguiuidansdafunssdluiuifdoanglussdud

2.4.23 gninouisiuasa (Pin Post Type Insulator) ilasannuauidunuunas
Ausliiiinnse1enegg (Puncture)
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B
.

(a) (b) (©)

Al 2.10 anielwii (nsulator)
(a) Qﬂi’f’wﬁmm& (Pin Type Insulator)
(b) gneuvis (Line Post Type Insulator)

(©) anMmeuveiuAss (Pin Post Type Insulator)

2.5 Femsandulaasuuiudessuuamiiglnii
Tumsdnduladensuuvuiiazldlumsuful pssuudmgliiudielidanuduan
yafuAsugenansiniaatiu Smaeg 1 Aaunsalilumsfiansanldsd 23]
1) FBszezianaunu (Payback Period : PB)

N

) TByarUatugns (Net Present Value : NPV)
3) Fsonsmanauwnungly (Internal Rate of Return : IRR)
)

4) Tozerian1sAunNuULULAnan (Discounted Payback Period : DPB)

a 1%

IngusazIsisIgayRennall

2.5.1 Adszesiiannunu (Payback Period : PB)
Juisnsmszeznaniildlurhlidhlsasauiildannisamudawinfutudiu
ldlunsamu ansamlanitaunish 26 laglunisidenagiiansundenuiuund

SEEIANTAUYUTAUNR
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) Improve Cost
Payback Period = (2.6)
Save Cost

Tagn

Payback Period s szeziiaifiunu @)

£

Improve Cost #e dunuinldlunisuiulssssuudimite (um)

Save Cost  fie mANugaydefanunsaanadld (um / U)

2.5.2 FoyaA1Uagiugns (Net Present Value : NPV)

Juisnsuseidiuganvesnssuaiuanluouianiiisgnaanauadlivinfu
yarlulagiu lnefiansaunAvesiuniuia (Time Value of Money) fgdnsinisanan
(Discount rate) Aifviua wn NPV ZAnduuin wansilasinsvseasmunfiansaniuiaig

(% {

AuA lunamssiudnu vn NPV Sanduau wansdionsldasamu awnsafwialaain

9

aun1shl 2.7 Wnglunisidenazfiansadonguuuudl NPV fanduuingsdian

Tngdn

C, fio yamenuggydenauisoanadlalugiaim t (u1n/d)

Co fo suyuildlumsusudussuuimie (um)
r Ao 8nsINIARaA (discount rate) 38 dnTIMBNLUY

n  fs unuUNmue @)

t fo YNewnsoanAnugadeala @)
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lefinsanen CAPEX way OPEX #il

1) CAPEX (Capital Expenditure) ?z'ialﬂuﬁﬂ%’ﬁhaiummmmﬁa%aw%a
USuUssBuningn1s (Fixed Assets) Aiflongmsliaugniuiy iwu 9113 gunsal adesdng
grumvuy visemaluladln o Widueldiedusu

2) OPEX (Operational Expenditure) Safiualdinglumsiidusuuszsiiu
diesnwnmsviaudnivesgsia wu Ardrewine masisndlne Avigsine aringau
Tduenldaneuszan

awviliannsndeuaunisues NPV Iémuaunsii (2.8)

n
NPV = 2 ( ) — CAPEX 2.8
L, Ty 2

Tne?

NPV fe yardagtugns (um)
CF, fo yarmanuggdenausoanasialugaaia t (umA)
CAPEX #o suyuildlunsusudsessuuimig (un)

OPEX fio aldiieusedn (swegle CF; lagvineanainiiels)
r Ao 9nTIN1sAnan (discount rate) ¥3e snTInently

n  fs nunlnmus @)

(%

t feo Yewrsoanipnugadeatls @)

2.5.3 Fsonsmanauwnunigly (Internal Rate of Return : IRR)

BB memensnaneumureImsasu vl NPV fawviviugud Tunsdl
fiFeamamanud (o Miligamanudomefiamnsaanasldazauauianyinfugdunui
THlunsufuussszuudming (NPY = 0) Tagld8nsnAnan (Discount Rate) fiftmun azdios
Tdvdnmsiuan NPV wivFuidunmsudaunmaiion t lnsaus@inddunuildlunsuiuss
szuudmmiglidh Co uay G fyadanugapdeiiansnsaanasliviniunnd inazdmuel
NPV = 0 tilevnduandiidunu anmnsadalénnaunsd 2.9 lunsidenazidenfiansan
iﬂLLuwummuU ) ivinlit NPV favinfuaud Li’mam
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Z ((1 + IRR)! ) Co 29)

t=1

Tagdn

C, fo yamanudemeiiaansoanastalugisa t (LmA)
Co fo suyuildlumsusulessuudimig (Un)

IRR A8 dnsHAN0UWMLYBINTTAMU Y30 dnsneniley

[
g

n A9 nunUNmun @)

v

t feo YNawnsoaneinugaydevneatla @)

2.5.4 353z82198N15AUNULUUAAAA (Discounted Payback Period : DPB)
s Sauliildilsiomaainnisasuifufuyunisamu las
AniladeAniununian 14 Payback Period fiUsusienisdnan wisfiiunin Discounted
Payback Period @4#19a1nn1sAuIns Payback Period wWuusssunfilifiafanisanaves
Guluewien awnsasiailénaunisi 2.10

n
C Z Ce (2.10)
= e 2.10
0 (1+1)t
t=1
Taoil C, o yamanugadeiianansnanadldluianm t (uin/d)

Co fo suyunlglunmsuiudessuuimig (Um)
r @8 9msIN1sAnan (discount rate) ¥5e ensimenle
n  fs unuUNmue @)

Y

t fo YNewnsoanAnugadeala @)
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Tumsfinwegldfoyannssuudmiglnivesnisinirdugiinaundunsdifinw
lngAgnsnisAnan dmiunsamuvesmsbiindrugliniaiu Fuegiutadevaleysznis
MAendesiulasasiwiuyuuazaudosdlasing lnelesruszneuiinisiiarsan laun

1) AuNUMIN13_Y (Cost of Capital)
msliihdaugiinig iumhenusziamiaiianuiuamisnsiugs waglddu
msavfuayuINssUa fettu fuunil (Cost of Debt) Ssiniresdnsenyu ssanannsn
dhdauvdsiunuainniasglusnmaondes
2) 9RTINARDULNUIINIUGTATIFUIA
msasuiiieadestulasaiaiiuguuarasisgulon wu mafauilasedie
Tl sinldsmsmanauumuaniustnsguiassezeny W Wustnseny 10 U Belutiagiu
wagiiuszan 2 - 4% Wugnlumsfimsandmsnisinan
3) Anudssaslnssns
msasuvesmsliihdauginig fnifeadesiulasinsifanuides deiiey
funratenu 1wy Tassnswamnszuusindeliiin fadudiuniedasiadafiugiu
amsauziazingliideutind dmiumsuiuupsruuvievensnsasululassingln
oafaudssiumedavionisdidunisegidntes
4) wwrlluesugianasdnsduie
mnlasamsinsiiansannseuauanlusyeren asailads natuile ves
Uszinelne eludlagiuenvegiszana 2-3% sl ilelazvioumvesiulusuian



3.1 Bnsilddnuduaii uazide
Tumsfnwifeagyinisuszanaumaiuaydemesnunstuisuiisuiualdang

Tumsasmuanmsufugsszuudmieliin fedBdumisnsifinanuianses ddidoya

sruvdme gunsaldesiu wazadinisiinanuiiansesainaniilningesvesnisiviingu

£2)

aiina disldlunisnaunulivlssssuudmhelni lnessAnuilusdazaniunsalang

=De

N

' o

nseiN 1 : Aeudnfiunisuudsesyuudmingliih (Base Case)

st 2 - Wasuiaanglnlil (Conductors Replacement)

2.1) a’IEJEJQﬁLﬁEJuLLﬂum?m (Aluminum Conductor Steel Reinforced :
ACSR)

2.2) maﬁmmumadau (Partial Insulated Conductor : PIC)

2.3) anevuauunuulifiuiiia (Space Aerial Cable : SAC)

n3ai 3 - mawdeuviagninellit (nsulator Replacement)
3.1) gnenenunse (Pin Type)
3.2) gnilBuuuLe (Line Post Type)

nsaidl 4 : maaeusieanaliiih s3udu mswdeusiingnaiglnd

3.2 dayaildlunisAneride

JayanazldlunsuszuiaAinudsnienieiunIsiuninanauiansasly

'
i =

sguvIMUIenazinnsEnwdnanaandluihgeslussuuinvung 22 kv aaansbudindiu
f

[

nilae siail
1) wiinvasangludin
2) anueaeliilusaz9as

3

AduAwaudguasas Wil usazyle

5) slingunsaidesiu

)
)
)
4) winuesgnae
)
6) AAANISNAAINUNANTBY
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7) 3w e wazdssinnvesyldln
miﬂiuﬁmmﬂﬂmzmmiﬂs’ﬁlw%%aﬁmmmL?wmamﬂmil,ﬁﬂLLiqéﬁ’umﬂ%’wmzﬁ
1 v} I~ (7 avlj
LANRNNY WU 3 UYseinn aell
Useinnil 1 @ gnamnssy (Industrial)
Usennd 2 : W@anive / 5319 (Commercial / Business)
Useinnil 3 : iegenfe (Residential)

3.3 inasdie 33013 waztumeunsUszmAAugY A
nsTaTUsunsuiimunTuiinisssanamanugadsnisdiunisiiuiiifiaan

anuAansesluszuudmirglaiidig3saunuanisiinaiuianges (Faults Position

Method) aadusisil

Fumeudl 1 : Joudeyavesszuudmgliinfidesnmsdn

JURBUN 2 : WshnsUMuUARI LU aNaUle
Fumaud 3 : asavaEduNwAUD (Z Bus)

Funoudl 4 - SrasIMTinANUARNTETE 4 WU ) Fuasing 5 Tusguudmineg
Tyt suasunndumis TneluusiagsumisazUssdiy il
4.1) vwnvesduantavae a Saiaula
1.2) szeznamainveslssiunniiuuranguteyavesaunsal
toariu
4.3) thuanazsreznafivsaduldilieuiisuiuduuuanng
nuvusaksInulnieuuInsgIu SEMI F47 Wletufinguauads

YDINSLARN LS IAUNNT IV

Qe

WMo 5 : UssanauaAugden1ainuMsRuINNIsiinAuEANses (FL)

2

o shuwvtsUanaula audssinnvesglalnigsl
5.1) A1ANUgFEINMITiaLsTuAngIvY (LS)

5.2) aanugadsannmsifiamanisallihdu (LO)
TuRauN 6 : E1uneun 2 - 5 auasuynUalusyuudmiieglnh
anusaloudunnudenisaiiunsuszsnarianugadenisiiunisiuiitinein

ANURANTsluszuUI el lase a1 3.1
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Start

Input data

Z Bus

Formation

I

Complete
all bus

Yes

Results Store
Output data

Financial Losses Faults simulation Stop

(LS+LO) 3PH / LL / LLG / SLG

A

U

V sag Calculation

Calculation LO Magnitude
ENS and Protections
Duration Data

(

Calculation LS Compare SEMI - F47
NT / CODT (Frequency)

AT 3.1 WRURINTANEUNTUTENINAIANGYEENN AU TR

AARNAMURANTDI ISTUUI gl



25

3.4 Fhnszvideys

mMsinseidoyaszthnanisyssnaiaugydonisiunsiuiiniainnisiie
auRansasluszuulniidmesisteunasndinsusud jessuudminglui luusos
sUnuuIISsuisuualdanglumsamuuiulge Wemanugydesuiiaansaanag
18 mnthuasdmaildfomaninsgideyadeldismatituaus 1éud

1) T8szeznanAunu (Payback Period : PB)

2) AsguzhanshuyuLuuAnan (Discounted Payback Period : DPB)

3) TByar1UagUugns (Net Present Value : NPV)

Tnglumsfinnsandadulaiiloidonsuuuumsusuussiiussansnmuazdanuduen
ynaAsygmanivzauivauUsssnuiiiiegiu asdesimuadaneiiuiieldlumsfiarsan

sadulalviangan gndes uaznsanNIngUsrasAnfens

3.5 N5EUAUN1SNRTSAU (Algorithm) fldlunisindula
Sudunoulunsinduladmdensuiuumsuiuupszuudmmhelniniafigauas
mnzauAUIUUsTanaiToy fil

Jupoui 1 : Muuanunsandula Sesdunuaud Ayl

1.1) A1 NPV (Net Present Value)
ilesarngUiuuiidan NPV 1inndt 0 axduatlumsasyy way NPV 13
Aganinasd inmsuanadsUuuUiuassnaisyarRuldnn
1.2) A1 PB (Payback Period)
iesnnguuuuiisian PB tesninaziinit mzuansiannsafuyy
IiFanan dmsumsinuninust PB geaniloensulalinsiiu 5 9
1.3) #1 DPB (Discounted Payback Period)
Tagundan DPB azdleuualifulunud PB usdaziaannniniesand
nsAyARIRLABINILNAT d1rFunsfuaNuet DPB geaniioeuiu
Ioldaasiiu 5 U wudeaiudn PB
1.4) sudszinailtlumsamuuiuuassuusmiglin
sunuililumsusuugsssuudmielaiiadu fesnnniuiszana

1% ' '
v o a

uifimnuakazlifiuiulssnatuganimuualy
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Tunaun 2 : Andenlagnisdnguuuunldsiunng

2.1) Wendnguuuuiisl NPV ffesniwiediauviiiy 0
desnnguuuumaniliduaniumsasnu wegliaayasui

2.2) \EendngUuuuiiil PB vi3e DPB 1iunIunasififmus
desnnldsrernatlumsunuuy uazdamuidegs

2.3) Bendaguuuudilfaunsasmulsivnganiusuussanuid
desnnldannsaduiunslénuinguszasd wayldfiuszavsam

TUABUN 3 : LTEARUFURUUTRTUN
Sesdiusu NPV 2ngalua Tuwsiasgissudssananinun
1A54n15913 NPV geiianazgninaidulidu o

3.1)

3.2)

3.3) nsdilasensiisl NPV whiuvdelndieeiu
3.4) 14 PB way DPB WWuinausiseslunssnau
3.5)

\HengUuuuil PB wag DPB dunin
Jupaud 4 : lwenguluunanan
4.1) n3dliansannsaulsyanm lenuwuuneglududuusn
4.2) nydifaudszanaintududiiu onguhuunisuiuugend
A1 NPV uuinduduusnluwsiazgassulszanm

asudanesiiu : Nldlunsiansandnduladonsuuuunisuiuugessuudmingluih

v A

1 ﬂmaaﬂgmwuﬁﬁﬂ'w NPV 11nn1 0, PB way DPB luiiiu 5 ¥

=

2) Andensunuuiildevasueglurdisuysyanuiiivun

o

)
)
) BesddugUuuuma NPV anndgsluais
)
)

&N

Y

4) 19 PB way DPB utnaumnsaslunisdndu (NPV nfuvselnalAesiu)

=

5) denjuuuuanannua1funla



unil 4
= =Y
NaN1SANE tazanUsIena

4.1 nSAIANEN

lunsfnwaglddoyaanszuudmiteliin 22 kv vesaalllnihges aseys 1
¥ w.e.2548) nstifirdiugiiaig Fawau 3 29asareden 96 Ua A1Me119IU 61.49
Alawns Seiuisuinvounisieliluiminassydu sdfldlihvisssongramnasy
i TssyuBiuud samfessangsna wagiiegonds Tasunudnssduienandunmi 4.1

|:> I]I > —> —>
| | » Feederl
| [ [ 1 g
2 3 4 5 10 11 13 16 17 19 21 23
EGAT
. 55 54 83 52 51 50 a5
115 kV
> —> —>
56 > 41 42 47 48 49
27, 28, 30, 33, 38 40 a4
| I N
*ER AT thl -
‘ . | R Feeder 2
22 kv —»> >
26 29 32 31 34 35 36 37 39 43 46
65
PEA 68
61 63 66 69 81 8 93 94 95 96
Substation = | >
>
58 59 64 67 79 82
| | 71 l l 84 87 |88
| | | | 73 175 |78
60 62 70 r 91 92
Feeder 3 72 74 76 77 80 8 8 89 90

AWM 4.1 UHulRsEduRed aanilliihdes aseys 1 nstndhdrugiinie
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4.2 sUwuuvaIn1sUFulTeszuuImtnglnia

nsuSulssszuud e lniildlunisfinuil aslimsdnfiuns 4 suuuu lawn

LUy A - MsiAsuriaagliin vunn 185 a.u. 910 @ uauuued (PIC)
Uu aneviuauiuliiviuiiin (SAC : Space Aerial Cable)

LUU B : MstAsuviinanglniln vuia 50 mas 90 aneevgiideuunuiman (ACSR
- Alurninum Conductor Steel - Reinforced) 1{u AevHRAuINUINEI (PIO)

LUy C : Mmaasuviingndne a0 PIN TYPE 18y LINE POST TYPE dmiugnied
fadalursasvesatsdidauia 50 o yinoralilonunuinin (ACSR : Aluminum
Conductor Steel - Reinforced)

LUU BC : n5USUUTs5ULUL B way C wiendu lursasvesanedifivuna 50 ma.
yinoralileuunuiman

mMsdasavnnsalifieuiuusssruudmes i guuuusing 9 Tuusiazasasaedeon
iy azdmunlidinisdniunisionun 50 sULUY Tnsudarsuuuuiidfoyauasduyunis

ﬂ%’wqﬂiwmﬁm%ﬂw% ANUAI19N 4.1

M19199 4.1 ToyauazaununnsUsulssseuuImeliin

DNIINTLNAAITUHNANT B

JULUY € AUNUNITUTUU
(A39/n3./0)
NsUSUUE (F1uUM / nat.)
neuyTuUss GRITITES
A 2.0 15 1.5
B 2.5 2.0 0.75
C 2.5 2.25 0.25

BC 2.5 1.75 0.9
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M13199 4.2 JUuvunsUTulssssuu e lnihvesusaznsaldnw

Nyl mqi’]au mali’]au malﬂau Nyl mali’]au aws{i’]au mqﬂau

finw n1 M2 M3 Anw N1 72 n3
1 - - - 26 AC - -
2 A - - 27 - AC -
3 - A - 28 - - AC
4 - - A 29 BC - -
5 B - - 30 - BC -
6 - B - 31 - - BC
7 - - B 32 AB AB -
8 C - - 33 AB - AB
9 - C - 34 - AB AB
10 - - C 35 AB AB AB
11 A A - 36 AC AC -
12 A - A 37 AC - AC
13 A A 38 ¢ AC AC
14 A A A 39 AC AC AC
15 B B - 40 BC BC -
16 B - B 41 BC - BC
17 - B B 42 - BC BC
18 B B B 43 BC BC BC
19 C C - 44 ABC - -
20 C - C 45 - ABC -
21 - C C 46 - - ABC
22 C C C 47 ABC ABC -
23 AB - - 48 - ABC ABC
24 - AB - 49 ABC - ABC
25 - - AB 50 ABC ABC ABC




A15199 4.3 Han1SANEN

augapdsannisifaussdunndavas (LS) Anugapdeannmsiinliidadas (L) PB DPB szt NPV
dqﬂ'gqgjgmﬁym'}yﬂjgmw (A+B+C) (1) D E (D+E) 2) '(51141/]14 (D+2) Wy L’ia?ﬂﬂﬁ ;J"aﬂj
sl A Euum) Ay anA Ay Fuyplu Moy anay | B anaoy wm A Tagdu
Fnwn N 5 c gonde goyde Tonaly S gauide gaude Uiutys PR s Ainan (U) qne
p , ~ v = o x 3 v FEUU o1 Ay (r=3%)  (@wum)
T T o /1 19 /39 e Iwdhdades /1 /3 = : ; s
oy Gmuum) @Emuw) | i @uum) - @wum) (@ yme T/ W (t=5
(Euum) ) @Euuw) (@ uuwm) way
r=3%)
1 41.09 20.63 5.81 67.53 - 3.123 6.338 9.460 - - - - - -
2 39.00 19.57 5.52 64.09 3.45 2.837 6.119 8.957 0.504 13.110 3.951 3.318 3.551 4.984
3 39.60 19.87 5.60 65.07 2.46 2.988 6.150 9.138 0.322 11.250 2.781 4.045 4.380 1.486
4 39.38 19.76 5.57 64.71 2.82 3.015 6.153 9.167 0.293 11.100 3.111 3.568 3.832 3.147
5 40.58 20.47 5.76 66.81 0.72 3.118 6.208 9.326 0.134 3.900 0.854 4.564 4.981 0.013
6 40.66 20.41 5.75 66.83 0.70 3.117 6.130 9.247 0.214 6.225 0.916 6.796 7.716 -2.030
7 40.07 20.11 5.67 65.85 1.68 3.114 6.120 9.234 0.226 6.525 1.906 3.423 3.669 2.204
8 40.91 20.57 5.79 67.27 0.27 3.120 6.273 9.393 0.067 1.300 0.334 3.891 4.202 0.230
9 40.88 20.52 5.78 67.18 0.35 3.120 6.234 9.354 0.107 2.075 0.458 4.530 4.942 0.023
10 40.58 20.37 5.74 66.69 0.85 3.118 6.229 9.347 0.113 2.175 0.958 2.269 2.389 2214

0¢



A15199 4.3 WansANW (M)

augapdsannisifaussdunndavas (LS) rgedsanmsiialiidades (L) PB DPB szt NPV
ﬁqﬂ'gquagy,l,ﬁgm'mﬂjgmw (A+B+Q) (1) D E (D+E) (2) vmuv]u (1)+2) Wy n;mms ;J“aﬂj
asél 4l Eruunn) AR anAIY ALde vl e e | WM anm Hn AU aqliu
Ao A 5 c goyde oy Tonalu ATuA goyde oy Usuys QE}fLﬁ'&J s finan (J) qne
. , 5 v v 3 . JEUY ) AU (r=3%)  @mum)
7 grawnI g3 o /d 16/d msve lihdedes /Y 16 /9 = 1 P s
oy EuUm) @) Tl @Ewuw) G @uuw) | T i -
Euum) @Ewuw) @) uay
r=3%)
11 37.51 18.82 5.30 61.63 591 2.702 5.932 8.634 0.826 24.360 6.732 3.619 3.889 6.470
12 37.29 18.70 5.27 61.27 6.27 2.729 5.934 8.664 0.797 24.210 7.062 3.428 3.675 8.131
13 37.85 18.98 5.35 62.18 5.35 2.880 5.965 8.845 0.615 22.350 5.970 3.744 4.031 4.991
14 35.76 17.92 5.05 58.73 8.80 2.595 5.747 8.341 1.119 35.460 9.921 3.574 3.839 9.975
15 40.16 20.25 5.70 66.11 1.42 3.112 6.000 9.112 0.348 10.125 1.771 5.719 6.371 -2.016
16 39.57 19.95 5.61 65.13 2.40 3.110 5.990 9.100 0.361 10.425 2.761 3.776 4.069 2.218
17 39.65 19.89 5.61 65.15 2.38 3.108 5913 9.021 0.440 12.750 2.822 4.518 4.928 0.175
18 39.15 19.73 5.55 64.43 3.10 3.103 5.783 8.886 0.574 16.650 3.677 4.529 4.941 0.188
19 40.69 20.46 5.76 66.91 0.62 3.117 6.169 9.286 0.174 3.375 0.792 4.261 4.630 0.252
20 40.40 20.30 5.72 66.42 1.11 3.116 6.164 9.280 0.180 3.475 1.292 2.689 2.847 2.444

1¢



A15199 4.3 WanSANW (A1)

augapdsannisifaussdunndavas (LS) rgedsanmsiialiidades (L) PB DPB szt NPV
AN dunuUTEIAN (A+B+0) (1 D E (D+E) @ Sy (1)+2) e Lzmms yam
asél 4l Eruunn) AR anAIY ALde vl e e | WM anm Hn AU Uaqiiu
Ao A 5 c goyde oy Tonalu  msudldi goyde oy Usuys QE}fLﬁ'&J s finan (J) qno
p , 5 v o 3 . JEUY ) AU (r=3%)  @mum)
§ | gpamnssu geie o /1 16/3 QRPATald Tndaq /1 16/3 = 1 P s
oy EuUm) @) vl @wuw)  @Euum) Gwuw) | OO i -
Euum) @Ewum @) way
r=3%)
21 40.36 20.26 571 66.34 1.20 3.115 6.125 9.240 0.220 4.250 1.416 3.001 3.193 2.237
22 40.18 20.20 5.69 66.07 1.46 3.113 6.060 9.173 0.287 5.550 1.750 3.171 3.385 2.467
23 38.48 19.41 5.46 63.35 4.18 2.833 5.989 8.822 0.638 17.010 4.819 3.530 3.789 5.057
24 39.13 19.63 5.53 64.29 3.24 2.982 5.943 8.924 0.536 17.475 3.775 4.629 5.059 -0.186
25 38.39 19.25 5.42 63.07 4.46 3.006 5.935 8.941 0.519 17.625 4979 3.540 3.801 5.176
26 38.82 19.51 5.50 63.82 3.71 2.835 6.054 8.889 0.571 14.410 4.281 3.366 3.605 5.197
27 39.34 19.74 5.56 64.64 2.89 2.985 6.047 9.031 0.429 13.325 3.317 4.017 4.348 1.866
28 38.87 19.50 5.50 63.86 3.67 3.010 6.044 9.054 0.406 13.275 4.076 3.257 3.481 5.393
29 40.42 20.41 5.74 66.57 0.96 3.116 6.143 9.259 0.201 4.680 1.165 4.016 4.347 0.657
30 40.45 20.31 572 66.48 1.05 3.113 6.027 9.140 0.320 7.470 1.374 5.436 6.024 -1.177

(SN
N



A15199 4.3 WansANW (M)

augapdsannisifaussdunndavas (LS) rgedsanmsiialiidades (L) PB DPB szt NPV
AANugadenuUszian (A+B+C) M D E (O+6) 2) A W2 et s wam
asél 4l Eruunn) AR anAIY ALde vl e e | WM anm Hn AU Uaqiiu
Ao A 5 c goyde oy Tonalu  msudldi goyde oy Usuys Jaete s finan (J) qno
p , 5 v o Y u 3 v FEUU o1 Auu (r=3%)  (@wum)
T T — o /1 16/3 QRPATald Tndaq /1 16/3 = : ; 5
oy EuUm) @) vl @wuw)  @Euum) Gwuw) | OO s/ © (t=5
Euum) @Ewum @) way
r=3%)
31 39.56 19.85 5.59 65.01 2.53 3.110 6.012 9.121 0.339 7.830 2.866 2.732 2.895 5.295
32 36.52 18.41 5.18 60.11 7.42 2.692 5.594 8.286 1.174 34.485 8.594 4.013 4.343 4.871
33 35.79 18.03 5.07 58.89 8.64 2.716 5587 8.303 1.157 34.635 9.797 3.535 3.795 10.234
34 | 3643 1826 514  59.83 7.70 2865 5.540 8405 1055 | 35100 8754 4010 4339  4.990
35 33.83 17.03 4.79 55.65 11.88 2575 5.192 1.767 1.693 52.110 13.572 3.839 4.142 10.047
36 37.07 18.62 5.25 60.93 6.60 2.697 5.763 8.460 1.000 27.735 7.598 3.650 3.925 7.064
37 36.60 18.38 5.18 60.15 7.38 2.723 5761 8.483 0.977 27.685 8.358 3.313 3.545 10.591
38 37.12 18.61 5.25 60.97 6.56 2.872 5.753 8.625 0.835 26.600 7.393 3.598 3.866 7.260
39 34.85 17.49 4.93 57.26 10.27 2.585 5.469 8.054 1.406 41.010 11.675 3.513 3.769 12.457
40 39.78 20.08 5.65 65.52 2.02 3.107 5.832 8.938 0.522 12.150 2.539 4.785 5.245 -0.521

(SN
W



A15199 4.3 WansANW (M)

mugaydsanmsAnusafunndavas (LS) ewgaydeninmsdalnidade (L) PB DPB 3wtz NPV
ﬁqﬂ'gquqmlﬁgm'}yﬂjgmw (A+B+Q) (1) D E (D+E) (2) vmuv]u (1)+2) Wy L’iﬁ']ﬂ'ﬁ ;J“aﬂj
asél 4l Eruunn) AR anAIY ALde vl e e | WM anm Hn AU aqliu
Ao A 5 c goyde oy Tonalu  msudldi goyde oy Usuys QE}fLﬁ'&J s finan (J) qne
. , 5 Y o 3 . JEUY ) AU (r=3%)  @mum)
7 grawnI g3 o /d 16/d N5 Jndos /Y 16 /9 = 1 P s
oy EuUm) @) Tl @Ewuw) G @uuw) | T i -
Euum) @Ewuw) @) uay
r=3%)
41 38.90 19.63 5.52 64.04 3.49 3.103 5.817 8.920 0.541 12.510 4.031 3.103 3.309 5.951
42 38.92 19.53 5.50 63.95 3.58 3.100 5.700 8.801 0.660 15.300 4.240 3.609 3.878 4.117
43 38.26 19.30 5.43 62.99 4.5q 3.094 5.505 8.599 0.861 19.980 5.405 3.696 3.977 4.774
44 38.32 19.35 5.44 63.11 4.42 2.831 5.924 8.755 0.705 17.790 5.123 3.473 3.725 5.672
45 38.91 19.52 5.50 63.94 3.59 2.979 5.839 8.818 0.643 18.720 4.233 4.422 4.817 0.666
46 37.87 18.99 5.35 62.21 5.32 3.002 5.827 8.828 0.632 18.930 5.952 3.180 3.396 8.328
47 36.15 18.24 5.13 59.52 8.01 2.687 5.426 8.112 1.348 36.510 9.356 3.902 4.215 6.339
48 35.70 17.88 5.04 58.62 8.91 2.858 5.328 8.185 1.275 37.650 10.185 3.697 3.977 8.994
49 35.11 17.70 4.98 57.79 9.74 2.710 5.413 8.123 1.337 36.720 11.075 3.316 3.548 14.000
50 32.94 16.60 4.67 54.20 13.33 2.566 4914 7.480 1.980 55.440 15.308 3.622 3.893 14.667

W
N
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4.3 Nan1SANEI

dinihdeyavessruudmihelnihvimuadewdnlusunsuaglamanuaydenianiu

milfiuﬁLﬁmnﬂmiLﬁmmmﬂﬂwﬁaﬂuiwﬂw%wmgﬂLLUUﬂ’]'iU%’Uquﬁa 50 sUluU
ntutisdum A1szeznaAuyu (Payback Period), s8¥1Ia 1AL LLUUARGN
(Discount Payback Period) uazyar1Uagtuans (Net Present Value) lnglddnsinisAnan
7l 3% luszezina 5 U alsnanisnwiniunsned 4.9 waziilevnanisinundilsuniingizs
Inglddaneifiuiimual fazaninsndnizosdrdugunuunsuiuugeszuudmhe il
151971 4.4 LLagmmmﬁmsméﬁugﬂLLUUﬂ13U%’UU§ammwizmmﬁﬁ1uﬂitﬁma 9 1
PUANT1ST 4.5 — 151971 411 wazn il 4.2 - 21wl 4.8 Audy

l:. o o U d‘Q o a < -QI o ¥
f1919N 4.4 a'W]“UE“LJLL‘UUﬂWﬁ‘Ui‘U‘U‘%Wl“l/\l"\]'ﬁﬂﬂG]Wll@ﬁﬂ@iﬁ/]ll‘l/lﬂ']‘ﬁu%lﬁ

i AU AR PB DPB ] NPV
S ¥ e e o Uﬂ'ﬁ qiyLaiJ 1387 Lzﬁ? (aﬂumlﬂ)
v M) @ (r=3%) r=3%)
1 50 ABC ABC ABC 55.440  15.308 3.622 3.893 14.667
2 49 ABC - ABC 36.720  11.075 3.316 3.548 14.000
3 39 AC AC AC 41.010  11.675 3.513 3.769 12.457
4 37 AC / AC 27.685  8.358 3.313 3.545 10.591
5 33 AB Z AB 34.635  9.797 3.535 3.795 10.234
6 35 AB AB AB 52.110 13572 3.839 4.142 10.047
7 14 A A A 35460  9.921 3.574 3.839 9.975
8 48 - ABC ABC 37.650  10.185 3.697 3.977 8.994
9 46 - N ABC 18.930  5.952 3.180 3.396 8.328
10 12 A 3 A 24.210  7.062 3.428 3.675 8.131
11 38 - AC AC 26.600  7.393 3.598 3.866 7.260
12 36 AC AC - 27.735  7.598 3.650 3.925 7.064
13 11 A A - 24360  6.732 3.619 3.889 6.470
14 a7 ABC ABC - 36.510  9.356 3.902 4.215 6.339
15 41 BC - BC 12510 4.031 3.103 3.309 5951
16 a4 ABC - - 17.790  5.123 3.473 3.725 5.672
17 28 - - AC 13.275  4.076 3.257 3.481 5.393
18 31 - - BC 7.830 2.866 2732 2.895 5.295
19 26 AC - - 14410  4.281 3.366 3.605 5.197
20 25 - - AB 17.625  4.979 3.540 3.801 5176




M13199 4.4 SwiuguwuunsUTuURInRsanaLsanesiundAmuall (de)
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sl v ARAA PB DPB ] NPV
¢ s qoyde e v Fum)
é’ﬁu YZuuse m&: m&: awd‘ dsule s/ U g msfunu - (t=51
Y . , {]alu‘m {]azu‘m Joud (é’wumqw) 1y AUy Anan (%J) way

v ) @ (r=3%) r=3%)
21 23 AB - - 17.010 4.819 3.530 3.789 5.057
22 13 - A A 22.350 5.970 3.744 4.031 4.991
23 34 - AB AB 35.100  8.754 4.010 4.339 4.990
24 2 A - - 13.110 3951 3.318 3.550 4.984
25 32 AB AB - 34.485  8.594 4.013 4.343 4.871
26 43 BC BC BC 19.980  5.405 3.696 3977 4.774
27 42 - BC BC 15.300 4.240 3.609 3.878 4.117
28 4 - - A 11.100 3.111 3.568 3.832 3.147
29 22 C C 5.550 1.750 3.171 3.385 2.467
30 20 - e 3.475 1.292 2.689 2.847 2.444
31 21 - C @ 4.250 1.416 3.001 3.193 2.237
32 16 B X B 10.425 2761 3.776 4.069 2.218
33 10 - - C 2.175 0.958 2.269 2.389 2214
34 7 s = B 6.525 1.906 3.423 3.669 2.204
35 27 ™ AC > 13325 3317 4.017 4.348 1.866
36 3 . A = 11.250  2.781 4.045 4.380 1.486
37 45 - ABC 3 18.720  4.233 4.422 4.817 0.666
38 29 BC - = 4.680 1.165 4.016 4.347 0.657
39 19 C - 3.375 0.792 4.261 4.630 0.252
40 8 C X 3 1.300 0.334 3.891 4.202 0.230
41 18 B B B 16.650 3.677 4.529 4.941 0.188
42 17 - B 12.750 2.822 4.518 4.928 0.175
43 9 - C 5 2.075 0.458 4.530 4.942 0.023
44 5 B - - 3.900 0.854 4.564 4.981 0.013
45 24 - AB - 17.475 3.775 4.629 5.059 -0.186
46 40 BC BC - 12.150  2.539 4.785 5.245 -0.521
a7 30 - BC - 7.470 1.374 5.436 6.024 -1.177
48 15 B B - 10.125 1.771 5.719 6.371 -2.016
49 6 - B - 6.225 0.916 6.796 7.716 -2.030

50

1
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4‘ a o o %] dn:l'd ¥ 1 v
AN 4.5 N1TNATANAIAUIULUUNITUIUUTE NTVINUYIZLIN WoBN1 5 a1UUm

<iuy Uy anAL PB DPB NPV
. ? msJ . . A3 oy L a1 Emum)
m;m WS i oud Heud E%‘U‘U?a f'm/ 9 ams flﬁﬁuviu (t=59
; . 5 5 @) @wum) AUV Anan (U) uay
v ) (r=3%) r=3%)
1 20 C - C 3.475 1.292 2.689 2.847 2.444
2 21 - C C 4.250 1.416 3.001 3.193 2.237
3 10 - - C 2.175 0.958 2.269 2.389 2214
4 29 BC - - 4.680 1.165 4.016 4.347 0.657
5 19 C C E 3.375 0.792 4.261 4.630 0.252
B suvu - B aanugodesiy NPV
5 a.68
4.5
q
35
< 3
o
& 25
=2
AG 2
1.5
1
0.5
0

gULLUUﬁ" 20 g‘lJLLUUVi 21 E‘IJLL‘U‘Uﬁ 10 gULLUUﬁ 29

g‘ULL‘U‘Uﬁ 19

AN 4.2 WUy Auu n1sanrgadesiy wag yad1Uagduans (NPV)

Tunsusuussssudmiuie nsdindeudssann deundt 5 duum
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M13199 4.6 N15ATANAWUFURUUNTUTUUTS nsdlndleudseanas 5 - 10 A1uum

FunNU anAY PB DPB NPV
suuuu ! o »
. . . . Ag goyde Lan LN @)
T s o o L USudg 53/ U N3 msfuny - (=517
7 1 Jount  Uoun  Ueudl Y . - - s
@mum) @) AU Anan (U) uay
< 1 2 3 -
" @ (r=3% r=3%)
1 31 - - BC 7.830 2.866 2.732 2.895 5.295
2 22 C C C 5.550 1.750 3171 3.385 2.467
3 7 - - B 6.525 1.906 3.423 3.669 2.204
4 30 - BC - 7.470 1.374 5.436 6.024 -1.177
5 6 - B - 6.225 0.916 6.796 7716 -2.030

B iy - B aenugaidesin. NPV

6.225

A1UUN

1'%

-2.03

-1.177 0.916

JULUUN 31 guuuun 22 JULuUn 7 JULUUT 30 JULUUT 6

AN 4.3 1WSeuiieu Auu n1sanAgadesiy wag yad1Uagduans (NPV)

TunsuSuugsseudmung nsdindeudszana 5 - 10 duum
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M13197 4.7 N1sTsaAwUIURUUNTUSUUTS nsalidleudseanas 10 - 15 duum

AUNU anAdNL PB DPB NPV
sUuuu ) - 9
. o a a a3 goyde nan nan (duum)
m;m WS i foud Heud E%UU':;Q jm/ 9 dms Tsﬁuviu (t=51
. . 5 @) @) AU Anan (U) uay
K @) (r=3%) r=3%)
1 41 BC - BC 12.510 4.031 3.103 3.309 5.951
2 28 - - AC 13.275 4.076 3.257 3.481 5.393
3 26 AC - - 14.410 4.281 3.366 3.605 5.197
a4 2 A - - 13.110 3.951 3.318 3.550 4.984
5 a4 - - A 11.100 3.111 3.568 3.832 3.147
My B aarugaidesiy ENPY
16
14.41
14
12
10
=
o
2 8
=
3G
6
4 3111 3.147
2

JULUUT 41 sURUUT 28 JULUUT 26 JURUUT 2 JUMUUT 4

AN 4.4 1USguigU Auu n1sanmugaideTiy wag yadUagduans (NPV)

TumsuSudsessudmie nsaiffisudseanas 10 - 15 duum




M13197 4.8 N1sTsANAWUFURUUNTUSUUTS nsaliidleudseanas 15 - 25 duum

40

v AnAIY PB DPB NPV
sUuuuy ) o s
. ¥ o a a 3 gry\de nan nan (@uum)
m;‘u VRS i doud Heud E%UU':;Q jm/ 9 dms Tsﬁuviu (t=51
. . 5 5 @) @) AU Anan (0) uay
K Q) (r=3%) r=3%)
1 46 - - ABC 18.930 5952 3.180 3.396 8.328
2 12 A - A 24.210 7.062 3.428 3.675 8.131
3 11 A A - 24.360 6.732 3.619 3.889 6.470
4 a4 ABC - - 17.790 5.123 3.473 3.725 5.672
5 25 - - AB 17.625 4.979 3.540 3.801 5.176
B auny B anaugidesin ENPY
30
o5 24.21 24.36
20
s
2
% 15
=
G
10

guluuui 46

guluuui 12

JULLILIT 11

guuunn 44

5.123 5.672

guluuui 25

AN 4.5 WUy Auu n1sanmgadesiy wag yadUagduans (NPY)

TumsuSudsassudmiuie nsaiffisudseanas 15 - 25 duum
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M13199 4.9 N15TsANAWUFURUUNTUSUUTS nsaliidleudseanad 25 - 35 duum

ANy anA PB DPB NPV
SUuuy ) 5 Y
. ms . . A3 RIGH L a1 @um)
m;m WS i oud Heud E%‘U‘U?a f'm/ 9 ams flﬁﬁuviu (t=59
; . 5 5 @) @wum) AUV Anan (U) uay
v ) (r=3%) r=3%)
1 37 AC - AC 27.685 8.358 3.313 3.545 10.591
2 33 AB - AB 34.635 9.797 3.535 3.795 10.234
3 38 - AC AC 26.600 7.393 3.598 3.866 7.260
4 36 AC AC - 27.735 7.598 3.650 3.925 7.064
5 32 AB AB 2 34.485 8.594 4.013 4.343 4.871
M iuyu  Eaaaugodesiy  ENPV
40
34.635 34.485
35
30
25
=
2
= 20
=
3G
15
9797 10.234
10
5
0

gULLUUﬁ 37 ;JULL‘U‘U‘ﬁ 33 gULLUUﬁ 38 gULL‘U‘Uﬁ 36 g‘ULLUUﬁ 32

AN 4.6 LWSBULgU Auu n1sanmugaideTiy wag yadUagduans (NPY)

TumsuSudsessudmiue nsaiffisudseanas 25 - 35 uum
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M15199 4.10 NsRAITANEIRUTULUUNSUSUUTS ndindaudssana 35 - 40 d1uum

A anAIL PB DPB NPV
sUuuu ) 5 Y
. a a a n13 RIGH an elolg @)
m;‘u VW g god g E%«uﬂ?q E'Ju/ 4 ms flﬁﬁuviu (t=59
. . ) 5 @wum)  @mwum) AunU Anan (U) uay
v @ r=3%)  r=3%)
1 49 ABC - ABC 36.720 11.075 3.316 3.548 14.000
2 14 A A A 35.460 9.921 3.574 3.839 9.975
3 a8 - ABC ABC 37.650 10.185 3.697 3.977 8.994
4 a7 ABC ABC - 36.510 9.356 3.902 4.215 6.339
5 34 - AB AB 35.100 8.754 4.010 4.339 4.990
Mgy Eaannugaidessy BNPY
40 36.72 < [7 36.51
35.46
35
30
25
s
o
= 20
P
3G
15
9.921 9.975
10
5
0

EULL‘U‘UﬁI 49 gULLUUﬁ 14 gULL‘U‘Uﬁ 48 EULL‘U‘UﬁI 47 gULLUUVi 34

AN 4.7 WSguigU AU n1sanmugaidesiy wag yadUagduans (NPV)

TunsuSuugsseudmung nsdindeudszana 35 - 40 a1uUm
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M19197 4.11 n1siasandfugdiuunsUSulse nsaindeuseana annndt 40 auum

v AnAIY PB DPB NPV
sUuuu ) o s
. . e . s goyde oy K @Emum)
T s o o L Uiuug 53/ U mMs msfuqu (=51
7 i doun  doun  doud N . “ A
@mum) @ wum) AU Anan (U) uay
s 1 2 3 ~
K Q) (r=3%) r=3%)
1 50 ABC ABC ABC 55.440 15.308 3.622 3.893 14.667
2 39 AC AC AC 41.010 11.675 3513 3.769 12.457
3 35 AB AB AB 52.110 13.572 3.839 4.142 10.047
B iuyu B anenugaidesoy BNPY
60
55.44
5211
50
40
=
o
= 30
=
3G
20
19208 14,667 13572
10
0

EULL‘U‘UﬁI 50 gULL‘U‘Uﬁ 39 gULL‘U‘Uﬁ 35

N9 4.8 LWSEUiU AU N1sanAgadusiy wag yad1Uagduans (NPV)

Tunsusuussssuimuig nsdindeudseana 11nndd 40 a1uum
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4.4 aAUs18gNANISANEI

waflsanmsdnuildanlusunsuuazihluiinsesiteyafe nszuaunsdnauled
fuainasilumsfiasandaduladensuuuulumsuiulgeld ded
1) ﬁ’mﬁaﬂgmwuﬁﬁm NPV 11nn31 0, PB way DPB lalviiu 5 ¥
2) findonsuuuuildeuamuelutissuussanadiimue
3) Besdrduguuuuna NPV 9ndgslua
4) n3difigunuuil NPV widuvidelndifeaiu WlY PB uaz OPB Wunausisedly
nMsAngY

= Ao o v avw
5) @onjuwuunanganuauitla

4.4.1 ATUNINTUINNIUUTZNIU

Ly

spyilbildsunuuiifiyartagugns (NPY) Wduuinuniian 5 duduusn aun

nsdleuUszanaiionndn 5 &wum fe JULUUA 20, 21, 10, 29 uag 19
- n3dleuUsEaal 5 - 10 &um Ae JULUUT 31, 22 uas 7

- nI@auUsTINa 10 - 15 AU A gULLUUﬁ 41,28 ,26 ,2 uay 4

- ASENUUSENNM 15 - 25 81UV AB gULLU‘Uﬁ 46,12, 11, 44 way 25

- ndleudsana 25 - 35 @wum fie SULUUT 37 , 33, 38 , 36 Uag 32
- nsdlauyszana 35 - 40 WU fie JULUUT 49 , 14, 48 , 47 uaz 34

- NFERUUTEIIUNINATY 40 Suum Ao JULUUN 50 , 39 wag 35

lunisinsandadulafensduuunisusuusaasifenduduusnveusiaznsdl lag
FuagiususzanunilegviselasunmsdnassluwsarUaudsyanniiy

4.4.2 NSANINTUIMHUTBS VUYL T udaUIY

Ly

Wothguuuuifiyaddagugns (NPY) Wuuinuiniign 3 suduusn vedus

9 9
=

avga9eulsERaIIfasaasalsulunauiansalun1s Usuusessuuinning
Inifmuddusudszanalane amn 4.9 Faagldlunsdnduladionguuuunmsusuuseludl
AUvngaNiuiuUssnaniled wazaiunsaldlunisiunusesunisusudsaiuanly
A R o v & A a A a vy
nsauideuyszananduddivtuvtediuyssananiandslunendsle
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M19199 4.12 sUsuun1sUuUgessuuTmingliihmuadusuUssinn wuud 1

ane ane ane Y NPV
udseunad sUlLuU 4 4 4 AUNU DPB
. v Joun  Joun  Uouw . (r = 3%
@uum)  Usuuse (@uun) (r=3%)
: 2 3 t=5yr)
<5 10 - - C 2.175 2.269 2.389 2.214
5-10 31 - - BC 7.830 2.7132 2.895 5.295
10 - 15 - - - - - - - -
15-25 46 - - ABC 18.930 3.180 3.396 8.328
25 - 35 - - - - - - - -
35-40 49 ABC - ABC 36.720 3.316 3.548 14.000
> 40 50 ABC ABC ABC 55.440 3.622 3.893 14.667

lunsiisandedulaidensuwuunisusuysasidentumusuussanamiiadulagli

Tmuguuuunden NPV uvinduduwsnluwsazgissuussanadlude 4.1.1 Faazawsaden

sUsuunsUFulssssuuTmhelniheusdusudssanald wuud 1 auensed 4.12 vise

WUUN 2 AIURA5199 4.13

M19199 4.13 JUsuunsusugessuuTmeliihmuasusuy s wuui 2

ane ane ane . NPV
udseunad sUlluy 4 v 4 AUNU DPB
. v Joun  doun  doud (r = 3%
@wum)  Usuuse @uun) (r=3%)
' 2 3 t=5yrn
<5 10 - - Q 2.175 2.269 2.389 2.214
<5 20 C - C 3.475 2.689 2.847 2.444
10 - 15 41 BC - BC 12.510 3.103 3.309 5951
15 - 25 - - 4 - 4 / - -
25 - 35 - - - - - - - -
35-40 49 ABC - ABC 36.720 3.316 3.548 14.000
> 40 50 ABC ABC ABC 55.440 3.622 3.893 14.667

4 2 LUy iigunuunsuiulgasudusasiaseauysalimiloutu usdrdunns
Uuugudlofansaniumudidusudssnadifisduasuaniieiu Tnowud 1 astuuiuuss
Tuaedoud 3 drunvud 2 azudvugeivluatedeoud 1 uay 3 Fadfldlwiuseiay
gnanmnssudeey deulunisfinnsandonihdeyadudu q lussuusmielifimnday
Usgnoumsdnaula eliAnyssansnmuagiinnuduamaiuasugmansse



. , 35 - 40 R1ULMN
5 - 10 A1ULW -

¥ 1 kL 1 ¥
UBENI 5 /UL N1INN21 40 UL

10 — 15 R1ULN

25 — 35 a1UUIN

i 36.72M 55.44 M

2.18 M i 7.83M

2.214

425 M e

9.975

M9 4.9 uruiIn1sAniunsUsuUessuuImhgliihauddusuyseann
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A3UNa uazdaLauauue

5.1 @jUna

a 4

msfnwadsdifunminauemsussiiuaanugy demsdumaiuioninnis
AneuAawsasluszuulnihsids udwhldAnaaugaderduduresldlnfuagnis
Iy miowazuinsndsanulnih TngludruvesliluiagldSunansemuan
mMaAnusstunniivazdwaligunsallwihisinaulwensiasunlasueuseiulwilife
msvhawdifanaavievgauzin Seldlniussianenamnssutiu mauduszuulndos
aderiane ussnu uasminens ludwasamslnihagldfunansemuanninialiildy
ilridesgadelenmalunisnelni wazlidldrelunsuilaliihdadesdissuvanunse
el lFnuund Tnglusunsueoufiunosfiimuniuarliismumisnininnnuianos
(Method of Fault Positions) ¥nmsinagawsnsaimatinanuianseslussuudminglui
udwhmsUszanadidesnisusuusslugduuuing q Taslunisfinsadstasfnuinsdnng
Wasuslievesansluih mawdsuringndaslii uagnswasuisaesegnesmiiy

TUsunsunesfanefaztelinisuszunumanugydeainnisifaussiunndavmus
waznsUsTIuANLgyFsInnsAaliindy sawiamsssnaiaugydenin Ty
NMsinANERanses lun1susulgessuudmhelniiguuuusing 4 danu agan 53057
wazgniesnny dwsutuneulunisdnaulansliisssesinainishunu (Payback Period)
wagdtTreEaINIsAUUAAan (Discount Payback Period) $auiuisyad1duiagdugns
(Net Present Value) fiansaindenlasldndninaminiunssuiun1siiansan (Algorithm)

U

mvuald nansAnwnlaviliiideyavesnisusudsessuudmheliihusazsunuy fadien

mMsanANugdsLazauundedlduTulTuansny uazdlienindinsginigisnsuay

ganesfundvuavilviaiuisaiasadadulaifengiuuunmsusuusanmunzaudu
sudszanaiifogldosnivssdninmuasdanududmneiuasvgamans uananiss
anunsatan1Timszsinaiadusnudainisafiunisysuugssuudmielninuadu
sutszanm eldnsununisusuussaiiosdmivnsdisuysznandunuudduduly

AUNARLADNAY
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5.2 UDLAUDLUY

Han1sinzideyanilitudunmsdiaennnmsalinsiinanuiansesuuunszany

fhegasinane uilunsujiRnisifnanuiansesanansafaluguuuudulde wu v
fuftenafianuiivesnininanuianiesgenitiiuiiduidosananmandon wu duld
mM395193 Wudu Bnisluauduatsinuafmesniaifenuiiansesersazinuinndy
vietiooninadantuiinliAld sufsdldaneing q Aduanvnvesnnuggidsmieiiu
msduiiluduesdldlifiusdarussinn wasvesnsliifldlumsdnnafududiads
yosdsluardusisonvnedidngademninfly dafunaiildfeonanslildgndesanysal
fanug udnan1siasziildamnsolfiduuumiagisliidoyadiduiieldlunis
dnAulaldiusyansnmnntu

dmivdaiaueuugiiioimunlinanisimseideyainugnieuiugt IndiAgs
ANHASY wazULTaleNNTY MITALTUNT il

1) davhszuvdmiunsinudeyanadangndeuiielilideyafiasuiuuniiisane
2) Infiudeyauuuameiiunveuiazaniliiuazuenanudsznn
3) Mdeyarnnugdevesldliiwiazussinnilunuuiameny

UBNINULUMTHAILIAINNITOUINAUDIATUDUY & UITIWIATIZRUATNINTUIRIY 19U
maiaduradivan lonalunisueliinsiuiansan wevillianugndedumsdadula
ATHEGY
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M13199 N.1 Toyavesaetounl 1 (AU 23.19 Alawns)

54

Ja-Us TEYENS (NAL.) winane gunsaidesiiu
1-2 0.12 185 PICS Relay
2-3 0.12 185 PICS Relay
3-4 2 185 SACS Relay
4-5 5 185 PICS Relay
5-6 2.6 185 PICS Relay
5-7 0.5 185 SACS Relay
7-8 0.1 185 SACS Relay
7-9 4.15 185 SACS Relay
5-10 0.9 185 PICS Relay

10-11 0.1 185 SACS Relay

11-12 0.5 50 ACSR Relay

11-13 1.2 185 SACS Relay

13-14 0.7 185 SACS Relay

13-16 0.2 50 ACSR Relay

14-15 0.5 50 PICS F 10K

16-17 03 50 ACSR F 40K

17-18 0.1 50 ACSR F 40K

17-19 0.2 50 ACSR F 40K

19-20 1.1 50 ACSR F 40K

19-21 0.3 50 ACSR F 40K

21-22 1 50 ACSR F 10K

21-23 1.5 50 ACSR F 40K




M13199 N.2 Toyavesmetoul 2 (ANU1ITI 19.55 Alaluns)

55

o . SLYEN - gunsal v . SLYLNY - gunsnl
Ug-Ud - L pGRE Hout Ug-Ud - sineang Hout
1-24 0.15 185 SACS Relay 40-41 0.1 185 SACS Relay
24-25 0.15 185 SACS Relay 40-50 0.1 185 SACS Relay
25-26 0.3 185 PICS Relay 41-42 0.1 185 SACS Relay
25-27 1.5 185 PICS Relay 42-43 0.2 50 ACSR Relay
27-28 0.1 185 PICS Relay 42-44 0.4 185 SACS Relay
28-29 0.2 185 SACS Relay 44-45 0.3 50 ACSR Relay
28-30 0.65 185 SACS Relay 44-46 0.3 185 PICS Relay
30-31 0.75 185 SACS Relay 44-47 0.6 185 PICS Relay
30-33 1.15 185 SACS Relay 47-48 0.3 185 PICS Relay
31-32 1.5 185 PICS Relay 48-49 0.2 50 ACSR Relay
33-34 0.5 185 PICS Relay 50-51 0.2 185 PICS Relay
33-38 0.5 185 PICS Relay 51-52 1 185 PICS F 40K
34-35 0.2 50 ACSR Relay 52-53 0.4 50 ACSR F 15K
35-36 0.8 50 ACSR Relay 53-54 1 50 ACSR F 15K
35-37 0.1 50 ACSR Relay 54-55 1.3 50 ACSR F 15K
38-39 0.2 185 PICS Relay 55-56 3.2 50 ACSR F 15K
38-40 0.5 185 PICS Relay 56-57 0.6 50 ACSR F 15K




M13199 N.3 Toyavesmetounl 3 (ANUL1ITI 18.75 Alaluns)

56

R S R T B SN, aunsal
() Uosriu () Unsfiu
1-58 0.125 185 SACS Relay 16-77 0.6 185 SACS Relay
58-59 0.125 185 SACS Relay 78-79 1.2 185 PICS Relay
59-60 0.25 185 SACS Relay 78-81 0.3 185 PICS Relay
60-61 0.3 50 ACSR Relay 79-80 0.7 185 PICS Relay
60-62 0.3 185 PICS Relay 79-82 0.4 185 PICS Relay
62-63 0.35 50 ACSR Relay 82-83 0.2 50 ACSR Relay
62-70 1.05 185 SACS Relay 82-84 0.1 185 PICS Relay
63-64 0.35 50 ACSR Relay 84-85 0.1 50 PICS Relay
64-65 0.5 50 ACSR Relay 84-86 0.7 185 PICS Relay
64-66 1.1 50 ACSR Relay 84-87 0.8 185 PICS Relay
66-67 1.9 50 ACSR F 25K 86-93 0.6 185 PICS Relay
67-68 0.5 50 ACSR F 25K 87-88 0.4 185 PICS Relay
67-69 0.2 50 ACSR F 25K 87-89 0.9 50 ACSR Relay
70-71 0.15 185 PICS Relay 88-90 0.4 50 PICS Relay
11-72 0.1 185 PICS Relay 88-91 0.1 185 PICS Relay
71-73 0.15 185 PICS Relay 91-92 0.6 50 ACSR Relay
73-74 0.4 185 PICS Relay 93-94 0.6 50 ACSR F 40K
73-75 0.1 185 PICS Relay 94-95 0.6 50 ACSR F 40K
75-76 0.3 185 PICS Relay 95-96 0.6 50 ACSR F 40K
75-78 0.6 185 PICS Relay - - - -
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6 3000  geE@wNTIN | 37 100 flagonde 69 150 flegonde
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8 1500  gmawnIIl | 43 500 5309 74 3000 9AEUNTIN

9 500 g3 45 150 flogend 76 150 flagende

12 100 flagende 46 500 5579 77 500 35719

14 800 g5 49 100 flogend 80 250 flagende

15 50 flagonds | 50 500 g3 81 2000 anavMnTw

18 200  flegends | 51 1500 geamnIs | 83 150 flagend

20 150 fegerds | 52 2000  gmawinsm | 85 150 flagend

2 50 flegeds | 53 100 flaged 8 800 g9

23 150 diegordly | 54 100 flogend 89 150 flogend

26 500 g3t 56 50 flegorde | 90 50 flagonde

29 1000  gmeE@wnIIl | 57 50 flagende 91 800 9919

31 1250  gaEunssy | 61 100 ﬁasuimﬂ”a 92 150 ﬁaeﬂjm At

32 250 3319 63 150 ﬁagjmﬁa 94 150 ﬁagjmﬁa

34 500 g3t 65 50 flegords | 96 150 flagondie

35 150 Nagende 66 50 ﬁasﬂjmﬁﬂ - - -

36 200 Nagende 68 50 ﬁasﬂjmﬁa - - -
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N15ATUIUANURNANTBIAe TFUFDUNLAUT NN NG

(Fault Calculation Using Bus Impedance Matrix)

nsiiaauRansoslussuulnirmadiswuvanuns(Symmetrical) wagiuuly
aun1ms (Unsymmetrical) TnglunisAruiuazlaniainvaduiiuaudiunsng @an1saiulo
wuvaunswariuullaunnsiisneavdunnsd [24]

1. AMUNANITDILUUANUIANT 3 ta (3 Phase Fault)

ANUITOAIUI VLNV SIAUANTIVUL LA e RS tAsEUUl N Uasiualanls
81984 (Reference Bus) ldnguin15319gaunaunitiu (Thevenin’s Superposition) fivun

Y a a . = 0 o N ] a 4w °
LINAUNDULNAAITUNANIDIAE Vk( ) LLaSiﬁﬂ'}qﬂJNﬁ‘WﬁﬂﬂLﬂﬁmUﬂ f A1UITAANUIUVUIN

wseuantuneiva k leainauns
0
Vi =V + 4V, (0.1)

AV, Aenisidsunlasuealssqunvd k 1llosainnisiiaainuianselaalnd
! ! Y 0 | Y A o 1 a a ! ¥ a v oa a s
WAAIDULITIAY —IG( ) Geiihfidumianisiinanuiiangos wazldnguvasuiuaudg

Ws3ng (Bus Impedance Matrix) 9ananuduius [V] = [Z][1]

azyhlaunsaniwan AV lhanaunisi (v.2)

AVy = Zyslg (v.2)
Afumiainanuionses (k = f) uaz AVy = —W(O)é’aﬁfu
Ir = ;L@ (2.3)
ff
wazaNANNIT (2.1)
Ve =y - 2Ly © (v.)

Zff



61

UszInausuieuinauiansedilndifesiuuasuiniu 1esetinagle

2. aAnuiansasashunuuliauuins 1 wa (Single Line to Ground Fault)

WAITUINITANAMURANTDITE NG A taziufusuduiiuaug Zy 7@ k

[ [

ARl UNINT v.1(n) FalUNITAIUIUNIUAIURANTDILAULALIAIAUTINTUABILTAN

a oA

duiiuaudiedInuuIn (Positive sequence) a1RuaU(Negative sequence) wagaaueaue
(Zero sequence) snspaynsuiulaswuUIRRMEluMsAWINAzLARRgluAIA 2.1(%)

I} 7}
Bus k of network ﬂ(» Kk
(0)
/4
A B C
2 2
| | Ikk Zkk
3Z
Ze F
0 0
T Zpg
— :

.:4' a a ] ] Y a 1 a a s Y]
AN 2.1 (ﬂ) AFNAAMUNANIDITENINNUNE A LATNUAUNIUDUNULAUY ZF Nnud k

@) huudnassnldlunisAuiunsalirnuiansasasiukuullanang 1 wia
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LAzl AnAIMURANTDINUA K Wal9¢@18150%1A109AUSENBUANUIAS

(Symmetrical component) U84nsELaANRANTDY LAA1NENNISN (2.6)

(0)
R =i =ty e
Zi+ 22+ 200+ 37
©)
Ve

a 1 2 o 0 aa 1+ & o ° ' v a o ¢ a ¢ o
Wei Zyy , Zig, wae Z gy Aoariteglusinumia k ludaduiiuaudiuning wae
ADWIINUNDULNAANUNANTDINUE K TIAINTLLEAURANTBIVDILAAL N FITEIUITOAIUIN

@anaunsi (v.7)

1 o1 1%
EFl={1 & alli} (@.7)
I¢ 1 a a*l|p

waranansalgulviedluglvenaismunewnIndladeannisi (v.8)

1 = arg? ws

e A Ao wesndnisulasesausznauanuins(Symmetrical Components

Transformation Matrix) F9EARI@NNISN (2.9)

1 1 1
A=1|1 a* a (2.9)
1 a a?

Tne#l a Aefeuiiuns(Operator) fAwiiul2120°uas afiawwiniu1,240°
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3. A7URANIBaUUliaN1nS 2 wa (Double Line Fault)

fsanmsiinauiansessevinana B uasiwa C iudufiuaud Zp fiva k &
wanshumnit 0.2 (0) elunsduansdamuiansossuitanal aldidufiuaudians
ffuuin wagdduay wsensiiwiulnsuvuiassildlunmsdunnazuanseglunind
2.2 (V)

Bus k of network
1 1 2
Lk Z ek Lk Z2,
— —
A B C 0 |

| Vi

i
I

(n) ()

L+
N
o

AT 2.2 (n) NMSARAMLRANTDITEINNE B wazia C iuduiiuaud Zpnva k

() wuudassnldlunsiuIunsalruRansaskuullanung 2 wa

WAL DAANURANTDINUE K Wa9La@IUITaNIA199AUSENDUANLIATUBINTE LA
ANURANTDY tRANaUN1sA (2.10) way (¥.11)

=0 (2.10)
0
= -1 =k (.11)
1 2 :
a & oA ° 1 v a a ¢ a ¢ 0
Tndl Zp, way Zi Ao Aregludiumis k ludaduiiuaudiuning LLank( )

ADWIINUNDUNAAIURANTDINUE K TIAINTLLEAINURANTDIVDILARLINFILTE 1L TOATUI
Teanaunis (0.7) wudentuniunsiianuiansesasnuwuuliauunns 1 wa



4. pnURansasashunuuldauuns 2 wa (Double Line to Ground Fault)

AMFUIMIANAMURANTOIIRAY e B uazia C luduiuaud Zp asdunva k

fakanaluning 2.3 (n) Felunmsawiunstianuransasasiusuulidauning 2 wa davdoa
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WazLloAAANURANTDITITE K WA292a1U15aMIANDIAUSTENDUANLINSVBINT S WA
ANURANTDY RINANNISA (0.12), (1.13) way (3.14)

n_ Vk(O)
“ 71 4 Zl%k(zl(z'k_l' 37F) (0.12)
ke ™72 + 79 + 37

(0) 171

V>, — 7.1
2 = _kz—zkkk (9.13)

kk

(0) 1 71

IO o _M (6U14)

a A oA ° | v oa o« ¢ a ¢ 0
Tnoft Z3, Z2ua8 Z3, Aemagludunus k ludadufiuaudiunind uaz Vk( )
ABLSIPUNDULANANURANIDINUE K FIAINTEREANUNANTDIVDILAALINAILANUTOAIUIN

1PaNauMS (1.7) kaZNIELAANURANTDILMLAAINANNITN (2.15)

I, (F) = I,f + I’g (2.15)

NMIATUIUNIABIAUILNDUANNIATVBITUIALTIAUANTIVNE TS | 1TlD991nN15LAA
AnuRansesuUllgunsAva k avamnsamlaannaunisi (v.16), (v.17) wag (2.18)

V2 =0—Z)I (2.16)
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le = le (0) — Z/'ll(II% (.17)

VZ=0—Zl; (2.18)

o le(O) = Vj(o) ADLLIIFUTDANANDUAAAIIUAANTDINUE j FIUUTUIALIIFU

ANtz vousavinanta j avmlaannaunisn (2.19)

VAPC = Av,o (2.19)

ASunTENF1Lan15ARANURANTBINSE SR TUULEN g MU NN AN WA 2.4
AUIAAUIMTUINTBILSIRURRT IV V, ITa K Taasil

S

= a

Al 0.4 anpstlwiszningia m — n flnsiuda p ald

9T 2.4 finmsiAemuiansestuuuaeihlnihsenine e m — n s
p lunsénnmasimsiuda p Wiludshumidiaaanuiianseduuuaesandiliin
dieldlunisAwandagazyinisioiua A Feddunumumiainmsiinanuiansesssnineda
m —n fEunsi (.20)
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A=—"L (0<1<1) (9.20)
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i1 A anunsaldeundasedlugas 0 85 1 ausdumiavesda p Mdeuseninedd

m — n WEINTamuIN Zg, way Zpp ldmudduanaunsi (v.21)

ka = (1 — A)ka + /1an (v.21)

bbae

Zpp = (1 = D Zpn + A Zyyy + 221 = DZypy + A1 = D zypyyy (2.22)

AU Zyp, Zimms Znns Zmn A8 Mfioganudiumslutaduiiuaudiuning
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Abstract: This research article presents a method for selecting an improvement approach for
the power distribution system by analyzing financial losses caused by faults in the system.
These losses can be in two parts: the first part arises from power outages, which lead to lost
sales, estimated opportunities, and expenses for resolving the outages, while the second part
results from voltage sags that affect sensitive electrical equipment. The method involves
simulating faults at various points in the distribution system and assessing their impact
on industrial, commercial, and large-scale electricity consumers. The results demonstrate
that by combining the total financial losses from both parts and comparing these losses
before and after implementing system improvements, effective and economically viable
decision-making information can be obtained for enhancing the power distribution system.

Keywords: power distribution system; financial loss; voltage sag; interruption; faults

1. Introduction

The power distribution system is a system that receives electrical power from substa-
tions and then transmits it to electricity users. The transmitted power has a medium-high
voltage value, between 2 and 33 kV. The power distribution system consists of many types
of electrical equipment, such as electrical wires, electrical insulators, electric poles, and
electrical transformers. When this electrical equipment begins to deteriorate due to its age
or being damaged, it will be the cause of electrical system failures [1,2].

The occurrence of faults in the power system is the occurrence of short circuits, which
can be caused by many reasons, such as damaged electrical equipment, branches or animals
touching the power lines, and lightning strikes [3]. It can affect both the distributor and
the electricity user. A permanent fault will cause a power outage, resulting in the loss of
opportunity in distributing electricity to the electricity user. A temporary fault will cause a
voltage sag, resulting in damage to the electricity user from equipment that is sensitive to
voltage changes being disrupted or malfunctioning. Therefore, when the damage values of
both of these parts are combined, it will be possible to estimate the financial losses caused
by faults in the power system [4]. To prevent or reduce this loss, it can be performed by
improving the power distribution system. This will result in a reduction in the statistics
of faults.

Improving the power distribution system involves installing additional electrical
equipment or replacing old or damaged electrical equipment with new ones, such as
changing the type of electrical wires and types of electrical insulators, etc., to reduce the
number of times and the impact of faults, making the power distribution system more
efficient in transmitting electricity. In improving the power distribution system in each form,
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there will be different costs and results of reducing financial losses. When comparing the
financial losses before and after improving the power distribution system in each situation
with the costs, the payback period will be known [5]. This can be used as information for
planning and selecting a form of improving the distribution system to be economically
worthwhile and efficient in distributing electricity to electricity users. The losses caused
by faults in the distribution system, which result in damage, can be categorized into two
parts [6,7].

1.1. Losses from Voltage Sags (LS)

This refers to the damage experienced by electricity consumers due to voltage sags.
Such sags can cause voltage-sensitive equipment to malfunction or stop operating [8].

1.2. Losses from Power Qutages (LO)

This refers to the loss of opportunity to distribute electricity to consumers during a
power outage, leading to potential financial and operational impacts.

By combining the losses from these two categories, the total financial loss caused
by faults in the power distribution system can be estimated. This is illustrated in the

accompanying Figure 1.

- Losses from Voltage sags (LS)

e Financial Losses from Faults (FL)
=LS+LO

‘§L8 ‘ Losses from Power Outages (LO)

Fault

- '\-Ji'\/;i\};mulvdlzge
Figure 1. The financial losses resulting from faults in the power distribution system.

2. Estimation of Losses from Voltage Sags (LS)

According to the IEEE 1159-1995 standard [9] voltage sag is reducing the magnitude
of the voltage down to between 0.1 and 0.9 percent of normal voltage. Within a time of
0.5 cycles to 1 min. The method that can be used to evaluate the voltage sags is the fault
position method [10,11], which simulates the occurrence of faults at different locations,

both symmetrical and asymmetrical, in the electrical system using recorded statistical data.

This method can evaluate the magnitude, duration, and number of voltage sags as follows:

2.1. Magnitude of Voltage Sag

The fault in the power distribution system, specifically the magnitude of voltage sag
at the point of common coupling (PCC), can be calculated using Equation (1) [12].

ZF
Vsac = 7ot 75 x Eg 1)

The fault in the electrical system is shown in Figure 2.
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R S

Fault

Figure 2. The fault in the power distribution system.

2.2. Duration of Voltage Sag

The duration of a fault can be estimated from the fault clearance time of the protection
devices in the power distribution system, where the calculated time varies with the fault
current flowing through it and follows the current—time curve.

2.3. Frequency of Voltage Sag

The frequency will use the voltage resistance line according to the SEMI F47 stan-
dard [13] to represent the electrical equipment installed on the buses in the electrical
distribution system. Counting the number of times the devices in the trip zone stop, de-
rived from the duration and the remaining voltage level at the time of the transient voltage
sag, considering the operation of the primary protection device against all types of faults,
proportional to the probability of occurrence of each type [14]. The frequency comes from
the number of trips (NT) at each bus that can be calculated using Equation (2).

1

NT=Y E-Prp @
i=1

2.4. Loss from Voltage Sags (LS)

The total losses incurred in the power distribution system are obtained by sum-
ming the damage values of the buses with electrical equipment sensitive to voltage sags
installed [15,16]. It can be calculated according to Equation (3).

k
LS =) CODT;NT, 3
j=1

The cost of downtime (CODT) incurred comes from a number of factors, including
lost product, lost labor, and hidden costs, which can be derived by collecting data and
interviewing employees who work on the downed electrical equipment and employees
who are required to perform restart operations [11,17].

3. Estimation of Loss from Power Outages (LO)

The outage is the loss of the ability of a component to deliver power [18]. Estimation
of losses in case of a power outage will be caused by a permanent failure in the distribution
system. The losses are caused by two parts: the first is the loss of opportunities to sell
electricity; the second is the costs required to restore the electricity distribution system to
normal, such as employee wages, electrical equipment parts, and vehicle fuel. It can be
calculated using Equation (4).

q
LO = " Fpl,(U, TR-EC+RC) @
p=1
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4. Economic Analysis

In decision-making for selecting the most cost-effective approach to improving the
electrical distribution system, the following methods can be used for evaluation [19]:
(1) Payback period (PB);
(2) Net present value (NPV);
(3) Discounted payback period (DPB).

4.1. Payback Period (PB)

The selection criteria will focus on choosing the configuration with the shortest pay-
back period, which can be calculated using Equation (5).

Improve cost

PB =
Save cost

®

4.2. Net Present Value (NPV)

It is a method for evaluating the value of future cash flows by discounting them to
their present value, considering the time value of money using a specified discount rate.
If the NPV is positive, it indicates that the project or investment under consideration is
worthwhile. Conversely, if the NPV is negative, it suggests that the investment may not be
advisable [20]. The NPV can be calculated using Equation (6).

NPV =Y, (i) -G (6

a+r)'

The selection will be based on choosing the configuration with the highest posi-
tive NPV.

4.3. Discounted Payback Period (DPB)

The calculation of the number of years required for the total profit from an investment
to equal the investment cost, considering the time value of money, is performed using the
discounted payback period. The DPB can be calculated using Equation (7).

n Cf
Co= E!:l 1+

)

This method differs from the standard Payback Period calculation, which does not
account for the depreciation of money over time. The discounted payback period considers
the present value of future cash flows, applying a discount rate to determine how long it
will take for the investment to break even in today’s value.

Investments related to infrastructure and public utilities, such as the development of
electricity networks, often use the yield on long-term government bonds, such as 10-year
bends, which are usually around 2-4%, as a basis for calculating the discount rate.

5. Power Distribution System Improvement

Power distribution system improvement refers to the process of enhancing the ef-
ficiency and reliability of the electrical network used to transmit electricity from power
substations to consumers. This process focuses on improving the reliability, safety, and
efficiency of electricity transmission to meet evolving demands. This study emphasizes
improving the electrical distribution system to ensure stability, security, and the ability
to support increasing energy demands while reducing losses caused by voltage sags and
power outages. The primary approach involves upgrading or replacing outdated electrical
equipment with modern technology, which enhances the reliability and efficiency of the
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network while ensuring safer operation [21,22]. Examples of equipment upgrades in the
electrical distribution system improvement include the following:

5.1. Electrical Conductors Replacement

Electrical wires play a crucial role in transmitting power from substations to consumers.

Replacing old or undersized conductors with modern ones reduces energy losses and
minimizes risks such as short circuits or damage to electrical equipment. This upgrade
supports the increasing load demand and enhances overall system performance.

5.2, Insulators Replacement

Electrical insulators prevent the flow of electricity in unintended areas, such as along
electrical poles or between conductors. Replacing worn or damaged insulators with
modern, weather-resistant, and high-voltage-resistant alternatives reduces the risk of short
circuits and enhances system stability. By implementing these improvements, the electrical
distribution system can effectively adapt to growing energy demands while maintaining
safety and reliability.

6. Test System

The data of test system is 22 kV power distribution system of the Saraburi 1 Substation
(2005) of the Provincial Electricity Authority, consisting of 2 feeder lines, 45 buses, total
length 36.74 ki, single-line circuit diagram, as shown in Figure 3 [23].

EGAT
Feeder1

115 kV 6 9 7 8 12 14 15 18 20 22

T

;

2 3 4 5.--10 11 13 16 17 19 21 23
2w Hh
PEA
Substation

26 29 32 31 34 35 36 ar 39 44
Feeder2

Figure 3. Saraburi 1 Substation, Provincial Electricity Authority.

The data of the resistance and reactance values of the conductors and conductor
information and types of protection devices of the feeder lines are shown in Tables 1 and 2.

Table 1. Resistance and reactance values of the conductor.

Conductor Ry X1 Ro Xo
Type (ohm/km) (ohm/km) (ohm/km) (ohm/km)
Zth* 0.0606 0.29896 0.0000103 0.46514

185 SAC 0.1805 0.2455 0.3285 1.7549
185 PIC 0.21435 0.33976 0.39186 1.5538
120 PIC 0.26643 0.34869 0.41443 1.57551
120 AAC 0.26643 0.36382 0.56243 2.70319

* Thevenin equivalent impedance of Saraburi 1 Substation (22 kV).
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Table 2. Conductor information and types of protection devices.
B;;s Distance Conductor  Protection B;;s Distance Conductor Protection
Bus (km) Type Type Bus (km) Type Type
1-2 0.12 185 PIC Relay 1-24 0.15 185 SAC Relay
2-3 0.12 185 PIC Relay 24-25 0.15 185 SAC Relay
34 2.0 185 SAC Relay 25-26 0.3 185 PIC Relay
4-5 5.0 185 PIC Relay 25-27 1.5 185 PIC Relay
5-6 2.6 185 PIC Relay 2728 0.1 185 PIC Relay
57 0.5 185 SAC Relay 28-29 0.2 185 SAC Relay
5-10 0.1 185 SAC Relay 28-30 0.65 185 SAC Relay
7-8 415 185 SAC Relay 30-31 0.75 185 SAC Relay
7-9 0.9 120 PIC Relay 30-33 1.15 185 SAC Relay
10-11 0.1 185 SAC Relay 3132 1.5 185 PIC Relay
11-12 0.5 120 AAC Relay 33-34 0.5 185 PIC Relay
11-13 12 185 SAC Relay 33-38 0.5 185 PIC Relay
13-14 0.7 185 SAC Relay 34-35 0.2 120 AAC Relay
13-16 0.2 120 AAC Relay 35-36 0.8 120 AAC Relay
14-15 0.5 120 PIC Fuse 3637 01 120 AAC Relay
16-17 0.3 120 AAC Fuse 38-39 0.2 185 PIC Relay
17-18 0.1 120 AAC Fuse 38-40 0.5 185 PIC Relay
17-19 0.2 120 AAC Fuse 4041 0.1 185 PIC Relay
19-20 1.1 120 AAC Fuse 4142 0.2 185 PIC Relay
19-21 0.3 120 AAC Fuse 42-43 1 185 PIC Fuse
21-22 1.0 120 AAC Fuse 4344 0.5 120 AAC Fuse
21-23 1.5 120 AAC Fuse 43-45 25 120 AAC Fuse

The probability of occurrence of each type of fault is as follows: Single Line to Ground
(SLG) 70%, 3 Phase (3PH) 15%, Double Line to Ground (DLG) 10%, and Line to Line (LL)
5%, respectively.

The data for each power outage are as follows: average time to reset (TR) 1.5 hr. The
electricity cost (EC) 5.0 THB/unit. Average reset cost/times (RC) 50,000 THB /times.

Information of power consumer is shown in Table 3.

Table 3. Information of power consumer.

C(i:’swu:er Feeder 1 Feeder 2 CODT Load
Type at Bus at Bus (Million Baht) (kW)
Large user 8,20 32,39 0.500 3500
Industrial 6,7,9,12 26,29,31,34 0.025 500
Commercial 14,1518,22,23 35,36,37,44,45 0.005 100

7. Methodology

The data analysis involves comparing the financial losses resulting from faults in the
electrical distribution system for each case of system improvement with the investment
costs for each scenario. This comparison is performed using the proposed decision-making
method to identify the most economically viable approach. The goal is to provide informa-
tion to guide investment decisions for improving the electrical distribution system, ensuring
alignment with budget constraints while maximizing cost-effectiveness and enhancing
distribution efficiency. The analysis process is divided into 6 steps as follows:
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Step 1:
Step 2:
Step 3:
Step 4:

Step 5:

Step 6:

Input the distribution system data to be studied.

Bus impedance formation.

Specify the bus positions of interest in the program.

Simulate four types of faults at various positions in the line of the distribution
system until all positions are covered. For each position, evaluate the
following:

4.1 The magnitude of the voltage sag at the bus.

4.2 The duration of the voltage sag from the database of protections.

4.3 Compare the results with the voltage tolerance curve according to the
SEMI F47 standard [12] to count the frequency of voltage sag.

Calculate the financial losses caused by faults at the bus of interest,
categorized by type of electricity consumer, as follows:

5.1 Losses due to voltage sags.

5.2 Losses from missed opportunities to supply electrical energy to customers.
Repeat Steps 3-5 for all buses in the distribution system.

A diagram for estimating the financial losses caused by faults in the power distribution
system is presented in Figure 4.

ZBus Formation

Results Record Output data
Finandal Losses Faults simulation Stop
(LF-LSHL.0) 3PH/1L/DLG/SLG

i ¥
Calculation

Caleulation 1 O
V sag and Duration || ——
L3 '] Database
Calaulation 1S Compare SEMI—F47
[
(INT / CDS} (Frequency)

Figure 4. A diagram for estimating the financial losses caused by faults in the distribution system.

8. Case Study

In this study, the process of improving the power distribution system is divided into
three approaches:

A Changing the type of insulator from Pin type to Line post type for insulators installed
on circuits using All Aluminum Conductor (AAC).
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B. Replacing the electrical conductors from All Aluminum Conductor (AAC) to Partial
Insulated Conductor (PIC).

C.  Replacing the electrical conductors from Partial Insulated Conductor (PIC) to Space
Aerial Cable (SAC).

The simulation of events to improve the distribution system for various approaches
in each feeder circuit will include a total of 14 scenarios. The cost of improving the power
distribution system in this study includes expenses for replacing the type of insulator in
circuits with all-aluminum conductors and changing the type of electrical wires. This
encompasses removal costs, installation costs, and operational costs. The objective is to
mitigate the impact of voltage sag caused by faults in the power distribution system. The
data and costs related to system improvements are presented in Table 4.

Table 4. Information and costs for improving the power distribution system.

Improvement Fault Occurrence Rate (times/km/year) Cost of Improvement
Pattern Before Improvement After Improvement (Million Baht)/km
A 0.250 0225 020
B 0.250 0.200 1.00
C 0.200 0.150 1.50

Table 4 shows that improving pattern A can reduce the fault occurrence rate by
0.025 times/km./ year. Pattern B can reduce fault occurrence rate 0.050 times/km./year.
Pattern C can reduce the fault occurrence rate by 0.050 times /km. /year. Although patterns
A and C are discounted equally, pattern C is 1.3 million THB/km more expensive than
pattern A.

Case studies of improving the power distribution system are presented in Table 5.

Table 5. Case study of improving the power distribution system.

Case Study Feeder1 Feeder 2
1 Base case or before improvement.
2 Pattern C Pattern C
3 Pattern A and C -
4 - Pattern A and C
5 Pattern A and C Pattern A and C
6 Pattern C Pattern A and C
7 Pattern A and C Pattern C
3 Pattern B and C -
9 - Pattern B and C
10 Pattern C Pattern Band C
11 Pattern Band C Pattern C
12 Pattern B and C Pattern B and C
13 Pattern A and C Pattern B and C
14 Pattern B and C Pattern A and C

9. Results

In this study, losses are divided into two parts, viz. loss from voltage sags (LS) and
loss from power outages (LO). When these two damage values are combined, it is possible
to estimate the financial losses caused by power system failures. Therefore, the results of
the study are divided into three parts as follows:

(1) The analysis of loss from voltage sag.
(2) The analysis of loss from interruption.
(3) The analysis of financial losses.
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9.1. The Analysis of Losses from Voltage Sags

The result of the analysis of losses from voltage sags is show in Table 6.

Table 6. The result of the analysis of losses from voltage sags.

Damage Costs by Type of Electricity User (A+B+Q) (i)}
Case (Million Baht) Damage Damage Re-
Study A B C Cost/Year duction/Year
Large Load Industrial Load Commercial Load ~(Million Baht)  (Million Baht)
1 9.42 0.94 0.24 1059 =
2 8.18 0.82 0.20 9.20 1.39
3 873 0.87 0.22 9.81 078
4 8.85 0.88 0.22 9.96 0.64
5 8.17 0.82 0.20 9.19 1.40
6 8.13 0.81 0.20 9.15 1.45
T 8.21 0.82 021 9.23 1.36
8 8.44 0.84 0.21 9.49 1.10
9 8.84 0.88 022 9.94 0.65
10 8.11 0.81 0.20 9.13 147
1 7.92 0.79 0.20 8.91 1.69
12 7.86 0.79 0.20 8.84 176
13 8.05 0.80 0.20 9.06 1.53
14 7.87 0.79 0.20 8.85 174

Table 6 shows that the top 5 most damage reduction/year are cases 12, 14, 11, 13, and
10, respectively.

9.2. The Analysis of Losses from Power Outages

The result of the analysis of losses from power outages is shown in Table 7.

Table 7. The result of the analysis of losses from power outages.

D E (D +E) 2)
Case Opportunity Cost of Cost of Fixing Damage Damage
Study Selling Electricity Power Outages Cost/Year Reduction/Year
(Million Baht) (Million Baht) (Million Baht) (Million Baht)

1 0.192 0.361 0553 -

2 0.164 0.322 0486 0.0669

3 0.171 0.331 0.502 0.0503

4 0.183 0.340 0.523 0.029

5 0.162 0.310 0473 0.0799

6 0.164 0317 0481 0.0721

7 0.162 0316 0478 0.0747

8 0.170 0.325 0495 0.0581

9 0.183 0.335 0518 0.0349

10 0.164 0312 0475 0.0773

11 0.161 0.309 0470 0.0825

12 0.161 0299 0460 0.0929

13 0.162 0.305 0468 0.0851

14 0.161 0304 0465 0.0877

Table 7 shows that the top 5 most damage reduction/year are cases 12, 14, 13, 11, and
5, respectively.

9.3. The Analysis of Financial Losses

The result of financial losses is shown in Table 8.
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Table 8. The result of financial losses.

Cns.t of 1+ Discounted Net Present Value
e I.m!;)roymg. the  Total Damage Payl:.\ar_k Payl.)nck (Million Baht)
Study Dlstﬂbul.lﬂfl IReduc- Period Period (£ =30 Years and
System (Million tion/Year (Year) (Years) r=3.5%)
Baht) (Million Baht) (r=3.5%) :

1 P o, ™ - &

2 2346 1.4579 16.09 241 3.39

3 149 0.8293 17.97 285 0.37

4 1042 0.6673 15.61 28 1.902

5 25.32 1.4797 17.11 26.5 1.900

6 24.28 15172 16.00 23.6 3.676

7 24.50 1.4373 17.05 26.5 1.985

8 19.06 1.1606 16.42 248 2.274

9 13.7 0.6877 19.92 348 —1.00

10 2756 1.5463 17.82 286 0.947

1 28.66 1.7686 16.21 24.6 3.893

12 32.76 1.8483 17.72 281 1.265

13 28.6 1.6193 17.66 280 1.195

14 29.48 1.8278 16.13 24.2 4177

The top five shortest of payback period, and discounted payback period were bold/color. For the column of net
present value are the top five highest positive value.

10. Discussion
10.1. Comparisen of Results from Economic Methods

When considering the results from the table, it was found that the top 5 of each method
are the payback period method, the discounted payback period method, and the net present
value method, which can be shown in Figure 5.

30 10
) 248 246
= 241 218 236 24.2 9
.\.____._'——l—I——- 8
20 ; ; 7
16.09 15.61 16.0 16:42 16.21 16.13 &
= — . * —— e — 5
4
10 4177

335 1502 3
g 2
1
0 0

CASE 2 CASE 4 CASE & CASE 8 CASE 11 CASE 14
——PB = DPB (1=3.5%) =t NPV (t=30yr,r=3.5%)

Figure 5. Comparison of the payback period method, the discounted payback period method, and
the net present value method.

Figure 5 shows the top five configurations with the following:
(1) Payback period (PB) method: case studies 4, 6, 2, 14, and 11, respectively;
(2)  Discounted payback period (DPB) methed: case studies 4, 6, 2,14, and 11, respectively;
(3)  Net present value (NPV) method: case studies 14, 11, 6, 2, and 8, respectively.

When considering the top five case studies of each method and comparing the cost of
improving the power distribution system, the reduced damage, and the ratio of reduced
damage to the cost of improvement, it can be shown in Figure 6.
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29.48
30 28,66 0.0650
25 2346 0.0640
20 0.0630
0.0620
15 0.0620
10 0.0610
5 0.0600
1.83
0 0.0590

CASE 2 CASE4 CASE & CASE8 CASE11 CASE14
| MPROVE COST I TOTAL REDUCE ~—@=—REDUCE/COST

Figure 6. Comparison of the cost of improving the power distribution system, the reduced damage,
and the ratio of reduced damage per the cost of improving from the top 5 case studies of each method.

Figure 6 shows the top five configurations with the shortest discounted payback
periods (less than 25 years), which are configurations 4, 6, 2, 14, and 11, respectively
(r =3.5%). When considering the ratio of reduced damage to the cost of improving, the
order can be as follows: case studies 4, 6,2, 14,11, and 8, respectively.

10.2. Route Map of the Power Distribution System Improvement Model

When the results of the study are considered together with the cost of improving the
power distribution system in each case study, a route map can be drawn to use in making
investment decisions as shown in Figure 7.

BUDGET (Million Baht)
15<  15-20< 20-25< 25-28 < 28-30

Figure 7. Route diagram of the power distribution system improvement model.

Each power distribution system improvement model will have different improvement
costs. When considering the estimated financial loss data, investment decisions can be
made to select a model that is consistent with the available budget and is economically
worthwhile, as follows:

(1) Inthe case of a budget not exceeding THB 15 million, it is Model 4.
(2) Inthe case of a budget not exceeding THB 25 million, it is Model 6.
(3) Inthe case of a budget not exceeding THB 30 million, it is Model 14.
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11. Conclusions

This paper considers improving the power distribution system of the Provincial Elec-
tricity Authority. The location is in Saraburi 1 Substation, Provincial Electricity Authority.
The voltage base is 22 kV. The analysis is divided into three sections, viz. analysis loss
from voltage sag, analysis loss from interruption, and analysis financial loss. This study
is divided into three approaches, viz. changing the type of insulator from pin type to line
post type, replacing the electrical wires from All Aluminum Conductor to Partial Insulated
Conductor, and replacing the electrical wires from Partial Insulated Conductor to Space
Aerial Cable. The economic index analyzed in this study includes the payback period,
discounted payback period, and net present value.

The results found that configurations with the shortest payback periods (less than
17 years), which are configurations 4, 6, 2, 14, and 11, respectively. The configurations with
the shortest discounted payback periods (less than 25 years), which are configurations 4, 6,
2,14, and 11, respectively. The configurations with the highest positive net present value
(exceeding THB 2 million), which are configurations 14, 11, 6, 2, and 8, respectively. The con-
figurations that deliver the best economic value as the budget increases are configurations
4, 6, and 14, respectively.

The proposed method serves as a decision-making framework for selecting investment
options to improve the power distribution system. During development, additional factors
such as load growth and opportunities for electricity sales can be considered to enhance
the accuracy of the decision-making process.
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Nomenclature

Parameter

Eg Voltage of source.

Vsac Voltage sag at PCC (point of common coupling).
Zs Point of common coupling impedance of the source.
Zr Impedance between PCC and fault.

F; Annual fault rate of line i.

P; Probability of a fault occurring in line i.

p; Ratio of equipment malfunction to fault of line 1.
"t Total line.

LS Total loss from voltage sags.

CoDT; Cost of downtime of the equipment at busj.
NT; Number of trips at bus j.

k Total number of damaged buses.
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LO Total loss from power outages.
Lp Number of customers’ power outage when fault at line j (kW /times).
Fp Annual fault rate of line j (times /km/ year).
Lp Distance of line j (km).
TR Average time to reset (hr).
EC Electricity cost (Baht/unit).
RC Average reset cost (Baht/times).
q Total number of lines.
Improve cost  Cost of improving the distribution system (Baht).
Save cost Damage reduction potential (Baht/year).
r Discount rate.
n Total number of years (years).
Ct Damage reduction value over time t (Baht/ year).
Cp Cost of improving the distribution system (Baht).
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Abstract

This research article presents a decision-making guideline for
the improvement of the power distnbution system. By considering the
damaging effects of voltage sags caused by faults in the power system.
The damage can be estimated by estimating the number of voltage sags
by simulating the occurrence of faults at various locations in the power
system, namely industrial, commercial and large power users that are
nstalling equipment that 15 sensitive to changes in voltage. From the test
processing with the proposed technique, it was shown that the results of
the damage assessment before and after the improvement of the power
distribution system are compared with the cost of improving the power
system to reduce the mumber of faults. It will provide information that
can be used to make investment decisions to improve the power

system more efficiently and

Keywords: Decision, Damage cost, Voltage sags
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Abstract - This research article presents a decision-making
guideline for the improvement of the power distribution systemt. By
considering the damaging efJects of voltage sags caused by fauits in
the power system. The damage can be estimated by estimating the
number of voltage sags by simulating the occurrence of faults at
various locations in the power systein, namely industrial, commercial
and large power users that are installing equipment that is sensitive
te changes in voltage. From the test processing with the propesed
technique, it was shown that the resuits of the damage assessment
before and after the improvement of the power distribution system
are compared with the cost of improving the power system fo reduce
the number of faults. It will provide information that can be used fo
make investment decisions to improve the power distribution system
more efficiently and economically.

Keywords — Decision, Damage cost, Voltage sags, Faulfs,
Distribution system

I. INTRODUCTION

Voltage sag occurs from many causes, such as starting a
large motor, powering the transformer and faults in the power
system. This can make various devices of electricity consumers
that are sensitive to voltage changes, such as power electronic
equipment that is malfunctioning or stopping working, causing
various damages both directly and indirectly, such as cost of
product damage, maintenance fee and opportunity cost in
business competition, etc.

The estimate of damage cost by the voltage sag can be made
at the desired location in the power distribution system [1]. The
important information to know is the number of voltage sags in
a year. This is usually obtained from recording events that occur
by monitoring equipment installed in the elecfrical system [2].
And then use the statistical data to make investment decisions
to improve the power distribution system to increase the
efficiency of electricity distribution, build stability and Reduce
the number of faults in the electrical system.

There are many ways to improve the power distribution
system, such as changing the type of power cable, cutting trees

979-8-3503-1809-8/23/$31 00 €2023 IEEE
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Engineering, Faculty of

pawud Nedp W
Department of Electrical
Engineering, Faculty of

Engineering Engineering
Rajamangala University of Rajamangala University of
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near power lines and installation of animal protection
equipment each method has different costs and the budget used
in the operation each year is limited. The power utilities who
are in charge of the power distribution system must have
information to make decisions for such actions.

Therefore. this research paper presents a stochastic method
for estimating the number of voltage sags per year caused by
faults at different locations in a power system [3]. Then, the
damage caused by the voltage sags before and after the
improvement of the power distribution system was estimated.
To compare it with the cost of reducing the impact of the
voltage drop in a cost-effective way [4].

II. VOLTAGE SAGS EVALUATION

Voltage sag is reducing the magnitude of the voltage down
to between 0.1 and 0.9 percent of normal voltage. Within a time
of 0.5 cycles to 1 minute according to the IEEE 1159-1995
standard shown in Fig. 1. The method used to evaluate is the
Fault position method [5], which is a simulation of the
occurrence of faults at various positions, both symmetrical and
asymmetrical. By using recorded statistical data namely
magnitude, duration and number of voltage sags, details are as
follows.

T (RMS)
4
Normal voltage

10pu T e
09pu

g

< Voltage sag

A
<
Duration
Time o

Fig. 1. [EEE 1159-1995 standard (Voltage sag)
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A. Magnitude of Voltage Sag Evaluation

: : I Zs I Zr
Es PCC /

Fault

Fig. 2. Equivalent circuit of fault in the power distribution system

. I (1)
SAC T Z 47,
‘Where
Veac s Voltage sagat PCC

Es is Source voltage
7. is Impedance between fault and PCC
75 is Impedance of source at PCC

The magnitude calculation of the voltage sags at the point
of common coupling (PCC) when a fault occurs in the power
distribution system is shown in Fig. 2 and can be obtained from
the voltage division law, asin (1)

B. Duration of Voltage Sag Evaluation

The duration of each voltage sag can be estimated from the
fault elimination time of the protective device. Each type will
have a different removal time depending on the fault current
flowing through the protective device. By taking the value of
the fault current to calculate the operating time of the protective
device from the time-current characteristic curve (IT Curve) of
the protective device.

C. Number of Voltage Sag Evaluation

A
Normal Operation
g ¥ SEMI F47
£
'E 50
z Malfunction / Trip
=
l s
0 005 02 05

Time (Second)

Fig. 3. SEMI F47 Voltage Tolerance Curve

The number of voltage sags is based on the SEMI F47
tolerance curve [6], which is characterized by the response to
the voltage magnitude and duration of the voltage sags.
Representing electrical equipment installed on various buses in
the power distribution system is shown in Fig. 3 and the number
of times electrical equipment malfunctions at any bus can be
calculated according to (2).

.
NT=ZF,-P,-R, @)
i=1

NT is Number of times equipment malfunctions
is Faults rate per year of line i

P, is Probability of fault type of Line i

R; isRatio of equipment malfunctions to faults

m  is Number of Line

III. DAMAGE COST EVALUATION

A. Cost of Damage due to Voltage Sags

Cost of damage incurred in that distribution system It is
obtained by summing up the damage values of the bus that is
sensitive to voltage sags. It can be calculated by multiplying the
number of equipment malfunctions obtained from the system-
wide faults simulation multiplied by the cost of downtime per
event (CODT) for equipment or machinery that is sensitive to
voltage sags according to (3).

k
Coe= Z CODT, - NT,
wogr 3)

Where
Cps is Cost of damage due to voltage sags
CODT,

NT; is Number of times equipment malfunctions

is Cost of downtime per event

k  is Number of customer bus

The cost of downtime per event comes from various causes,
including loss of product, loss of labor, and hidden costs. These
values can be determined by collecting data and interviewing
employees working with downtime electrical equipment and
employees who must perform the duties of restarting the system

[l

93



B. Damage Cost Simulation

The step for simulating faults in the distribution system
determines the number of malfunctions of devices that are
sensitive to voltage sags following as

Step 1:  Enter the data on the distribution system,
including the size and type of conductors,
protective equipment, and fault rates for

the cable conductors across all buses.

Step2:  Determine the bus location of interest.

Step3: Simulate all types of fault events at
different locations in the distribution
system based on the information in Step 1
to calculate the magnitude and duration of
the voltage sag that occurs at the interested

bus.

Step4: Compare the magnitude and duration of
voltage sag with the SEMI F47 Voltage
tolerance curve to record the device

malfunction event according to (2).

Step5: Calculate the total damage cost due to

voltage sags according to (3).
Step6:  Repeatsteps 2 - 5 to complete all interested
buses.

IV. CaseStuDY
In this study, the 22 kV power distribution system of the
Provincial Electricity Authority (PEA) will be used. Saraburi
Substation 1(2005), feeder lines 1 and 2, 45 buses, details are
as follows in Fig.4 and the probability of occurrence of each
type of fault is shown in Table 1.

TABLE I PROBABILITY OF FAULT TYPE

Fault Type 3PH LL LLG SLG

Probability 0.15 05 010 07

6 9 7 8 1214 15 18 20 22

O_ 5 10 11 13 16 17 19 21 23
24 25 27 28 30 33 38 40 41 42 43 45

26 29 32 31 34 35 36 37 39 44

Fig. 4. PEA Sarabun Substation 1

A. Power Consumer for Shidy

TABLE II. POWER CONSUMER INFORMATION

S

type (THB)
Industrial 14 39 500,000
Commercial 6,7,8,9,15 2629313234 25,000
Residential 12,18,20,22,23 35,36,374445 5,000

The study will categorize power consumers into 3 categories
[7]: industrial, commercial and residential to study the effects
of faults in the power distribution system and causing voltage
sags to affect consumers. The information of electricity
consumers showing type, location and assumed cost of
downtime per event (CODT) can be shown in Table 2.

B. Improvement Case

The improvement of the distribution system in this study
will compare the change of conductor type, namely
Change from partially insulated conductor cable (PIC) to Space
Aerial Cable (SAC) and Change from All Aluminum
Conductor (AAC) to Partial Insulated Conductor (PIC)

Simulating the modification of the conductor type in each
feeder and both. A total of 12 cases was carried out in both
feeders, with details of each case study shown in Table 3.

TABLE IIl. MPROVEMENT CASE

Case Feeder 1 Feeder 2
1 Base Case
2 PIC to SAC
3 - PICto SAC
4 PIC to SAC PIC to SAC
) PIC to SAC AACtoPIC
6 AAC to PIC -
i, - AACto PIC
8 AAC to PIC AAC to PIC
9 AAC toPIC PIC to SAC
10 PIC to SAC
AAC toPIC
1 PIC to SAC
N AACtoPIC
1 PIC to SAC PIC to SAC
AAC to PIC AACtoPIC
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C. Improvement Cost

TABLE IV. REPLACEMENT CONDUCTOR INFORMATION

Conductor Conductor Fault Improve
type F/aﬁjl{ate type Rate Cost /km
(old) e (ew) { kaw/yr. (MTHB)

185 PICS 02 185 SACS 0.15 15

120 PICS 02 120 SACS 015 125

120 AAC 025 120 PICS 02 10

The cost of improving the distribution system studied in this
study is the cost of changing both conductor types. Each type
of conductor has different fault statistics. The information is
shown in Table 4.

V. RESULTS

Simulating faults in the distribution system using statistical
data and calculating the total damage caused by voltage sags.
Table 5 presents all the results in comparison to the cost of
improving the distribution system by changing the type of
conductor in different cases.

Considering the results obtained, it can be seen that
improving the distribution system by changing the cable type
from PIC to SAC can reduce the damage.

TABLE V. TOTAL COST

Damage cost by g é‘
consumer type o -
(MTHB) E 3§ i
e — - = g Z o8
2 = 2 ] g e
°F F ¥ 5oz 3 ag
Z 3 g o0 B ((&
E g ] 9] 3 g \\=
5§ # & g

2 428 1.07 021 5.56 0.45 1351 30.02
3; 462 116 023 6.01 001 96 960.00
4 403 1.01 020 524 0.77 2311 30.01

5 423 106 021 5.50 0.52 17.61 33.87

6 4.59 115 023 5.97 0.05 5.2 10400
F 458 114 023 595 0.07 41 5857
8 4.54 113 023 5.90 0.12 5.3 77.50

9 4.58 114 023 595 0.07 14.8 21143
10 4328 107 021 557 0.45 18.71 41.58
11 457 114 023 594 0.08 13.7 17125

12 397 099 020 5.17 0.85 3241 3813

COST (MTHB)

1 045 045 5
0 []
CASE2 CASE4 CASE S CASE 10 CASE12
@~ (DS ==fr=SAVE COST ==@=—IMPROVE COST

Fig. 5. Top 5 Case Studies

After considering the improved cost per saved cost values of
all cases. it was found that the top 5 case studies are cases 4. 2,
5, 12, and 10, respectively, shown in Fig. 5. The simulation
results can be analyzed as follows:

1)Case 12: This will cause the damage to be reduced the most.
But it also requires the most investment in improvements
because it is the replacement of both types of cables in the 2
feeder lines.

2)Case 4" This will reduce the damage to the second place but
requires less investment in improvement than case 12 at the
amount of 9.3 million baht, changing only PIC cables to SAC
in 2 feeder cables.

3jCase 5™: This will reduce the damage to the third place and
require less investment in improvement than case 4th,
amounting to 5.5 million baht.

So, if we have enough budget can choose case 12 to improve.
But if the budget is limited, it can be changed to choose case 4™
and case 5™ to suit the budget and cost-effectively.

4)Case 2" and Case 10™: Both will reduce the damage to the
fourth place but case 2™ requires less investment in
improvement than case 10™ at the amount of 5.2 million baht.

‘When comparing between these 2 cases, the Case 2°¢ should
be chosen for investment.

VI. CONCLUSION

The method for decision-making to improve the power
distribution system by considering damage cost due to voltage
sags presented in this paper is a method that can be used to
estimate damage from voltage sags for information in
planning and Making investment decisions to improve the
electricity supplier's distribution system cost-effectively and
appropriately.
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APPENDIX

TABLE VI CONDUCTOR INFORMATION

Conductor Rl X1 RO X0
type (/7 km) (€ /km) @/ km) (Q/km)
185 SACS 0.1805 0.2455 03285 1.7549
185 PICS 021435 033976 039186 15538
120 PICS 026643 0.34869 041443 157551

120 AAC 0.26643 0.36382 0.56243 2.70319

TABLE VIL INFORMATION OF FEEDER 1

Bus-Bus D1(s]::1)f e Cunt;ill:eﬂor Prgt“erc‘ h":’e
1-2 0.12 185 PICS Relay
23 012 185 PICS Relay
34 20 185 SACS Relay
4-5 50 185 PICS Relay
5-6 26 185 PICS Relay
5-7 05 185 SACS Relay
5-10 0.1 185 SACS Relay
7-8 415 185 SACS Relay
79 09 120 PICS Relay

10-11 0.1 185 SACS Relay

TABLE VIL INFORMATION OF FEEDER 1(Cont.)

Bus-Bus Dl(slﬁoe Conductor type Prg:le:ieve
11-12 05 120 AAC Relay
11-13 12 185 SACS Relay
13-14 07 185 SACS Relay
13-16 02 120 AAC Relay
14-15 05 120 PICS Hime
16-17 03 120 AAC Fuse
17-18 01 120 AAC Fuse
1719 02 120 AAC Fuse
1920 21 120 AAC Fuse
1921 03 120 AAC Fuse
21.22 10 120 AAC Fuse
21.23 15 120 AAC Fuse

TABLE VIII. INFORMATION OF FEEDER IT

Bus-Bus Distance Conductor Protective

(k) type Curve
1-24 0.15 185 SACS Relay
2425 015 185 SACS Relay
2526 03 185 PICS Relay
25.27 15 185 PICS Relay
2728 0.1 185 PICS Relay
28-29 02 185 SACS Relay
2830 065 185 SACS Relay
3031 075 185 SACS Relay
30-33 115 185 SACS Relay
31-32 15 185 PICS Relay
3334 0.5 185 PICS Relay
3338 03 185 PICS Relay
3435 02 120 AAC Relay
35-36 08 120 AAC Relay
3637 01 120 AAC Relay
3839 0.2 185 PICS Relay
3840 05 185 PICS Relay
4041 0.1 185 SACS Relay
4142 02 185 PICS Relay
4243 1 185 PICS Fuse
B 05 120 AAC Fuse
1345 25 120 AAC Fuse
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Abstract

This research paper presents the damage estimation from
voltage sags in distribution system. The main goal is to find the number
of times the voltage sags occur caused by faults in the power system.
By using a simblatin fechiniqhd b dssess Saultot Yaidus I0sionz 10
the power system and then cause voltage sags in the distribution system
that connected to industrial, commercial and large power consumer.
The result of the assessment is then used to estimate the damage caused
by the voltage sags. From processing with the techniques presented can
shows that the results obtained from the estimation. This results in
information to use in planning and making investment decisions to
improve the electricity supplier's distribution system or install equipment
to reduce the impact of the momentary voltage sags of the clectricity
consumer.

Keywords: Damage estimation, Voltage sags, Faults, Distribution system
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