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Abstract

In this study, the proposed fuzzy logic model for the planned and
unplanned outage costs of industries in Thailand by considering Thailand Standard
Industrial Classification (TSIC) is evaluated to compare with the conventional average
method. The random sample of 1,088 industries is represented of 9 industrial types,
which are pulp, paper and paper product industries, chemical and rubber industries,
fabricated metal industries, wood and wood product industries, basic material
industries, textile and leather product industries, non metallic mineral industries, food,
beverage and tobacco industries and other manufacturing industries. In addition, 10
factors, such as outage duration, outage frequency and type of industry, are tested for
the correlations with the outage cost by using chi-square method at significant level of
0.05. According to the hypothesis test, all factors are set to be the input of fuzzy logic
model. From the experimental results, the suitable fuzzy function is triangular and the
number of rules is 975 rules and 985 rules to model the planned and unplanned outage
cost respectively. The evaluated outage cost from fuzzy logic model is more accurate
than the outage cost from the conventional average method in terms of parameter
dependency. From the proposed fuzzy logic model, the highest planned outage cost is
70,359.50 Baht/event and 45.18 Baht/kilowatt-hour for wood and wood product
industries. Furthermore, the highest unplanned outage cost is 208,956.52 Baht/event
and 94.92 Baht/kilowatt-hour for chemical and rubber product industries and wood and
wood product industries respectively. Finally, the simulation results of planned and
unplanned outage cost are used for reliability improvement planning to enhance the

financial and technical performance of Provincial Electricity Authority.
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IWansrnuzias lnnuu 4,059 4,188 4,180 4,106 4,169

391 2,362,502 | 2,471,052 | 2,554,980 | 2,634,143 | 2,705,803
Nidagaung (Aumidog)
ﬁqu@%‘mﬁg 7,935.11 8,334.63 8,637.37 9,079.16 9,230.43
A’NI1AUNALAN 5,225.36 5,566.11 5,771.96 6,039.00 6,150.31
AAN1TUWIANAS 7,864.16 8,050.86 8,045.11 8,061.22 7,959.27
Aansaualnn 13,085.41 | 14,120.77 | 14,605.93 | 15189.57 | 15,484.14
AanT7lanNzasing 1,604.44 1,658.92 1,693.78 1,729.67 1,773.67
gq'qmwmumgmﬁmﬁiﬂLLmqmﬁq”L@ 1,216.05 1,200.01 1,151.71 1,175.48 1,214.71
1Wzﬁqﬁqam:LL@:1Wnuu 180.95 188.10 194.10 208.18 222.88

391 37,111.48 | 39,119.40 | 40,099.96 | 4148228 | 42,035.41

Nu: “se91utszant) 2550 189015 AN UAINALS” hitp://Avww.mea.co.th

9T 1.2 waz meed 1.3 Ransanideyareensiifingauninietl w.a.
2550 %wudﬁmm@ﬂﬂﬁﬁLmﬂmuﬂmmﬁlLﬂuﬁm@fgmﬁﬂ, Aan1sauIALAN, NAN1g
anaazianIsuunalunjazaniilu 91.08%, 6.88%, 0.25% WAz 0.02% AINAIAL
Tmaémmﬂ?mmmﬂﬂﬂﬁﬁLﬂuﬁm@gmﬁﬂ, AANNFIUIALAN, NANITUUIANAINUAL
Aanfsaunaln azAnLilu 21.33%, 8.19%, 16.73% WY 44.32% AMNANAL

WatuNaruns T AN fasasadalug (Tasiansound

Auaunsld g 8,760 dalussiel) aasusdaznguld i nuanidutiuegende, Aanis
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dayadnuaud i lununnisanslnaasnisinindauniinia

- . % L
778019 1t W.A. 2551 U W.A. 2550
(am)
1. auauil4 (378))
tuatanAt(<150 uag) 9,405,703 9,244,574 1.74
tuatanAt(>150 uag) 3,868,244 3,699,440 4.56
AANITAUIALAN 1,019,569 977,818 4.27
AAN1TUUIANAIN 37,529 35,526 5.64
Aansuunalnng 3,331 3,155 5.58
AAaNNTaNITaLing 6,215 5,710 8.84
A9 TNNIUATRIANITiLgaN AN ls 127,327 120,959 5.26
zg‘ufiﬂ iensinems 3,298 3,344 (1.38)
A9 129,166 120,384 7.29
GREEN 35 33 6.06
fns1An AUz Inemane 3 3 0.00
3T 14,600,420 14,210,946 2.74

fu1: “31eutlszantl 2551 aasnsInfndauninia” http://www.pea.co.th
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dayandraamieglununnisana assnisliindrugiinia

. . % L
778019 1t W.A. 2551 4 W.A. 2550
(am)
2. mdnganutne LN T (@1 umsdag)
ﬁqu@gmﬁﬂ(qg)o $11981) 7,404.74 7,347.39 0.78
tuagiendr(>150 wiag) 11,905.02 11,359.90 4.80
Aan172UUALAN 7,476.57 7,182.13 4.10
Aan17aUIANAY 14,793.43 14,669.02 0.85
Aantsaunalug) 39,602.17 38,874.43 187
AANITLIRN Izt 2,425.15 2,254.71 7.56
AU TNNTUATRIAN ST IEDMN AN ls 3,142.31 2,996.62 4.86
@;uﬁmﬁ@msmwm 281.46 267.90 5.06
Td2A377 689.33 648.70 6.26
ERERR 92.85 3817 | 143.25
fnsAn AN Usnnenans 1,789.21 2,067.93 (13.48)
T 89,602.24 87,706.90 2.16

fu1: “31eutlszantl 2551 aasnsInfndauninia” http://www.pea.co.th
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2.1 gamannguidaiiaiauanisallnvrindas

Priyantha D.C. Wijayatunga, M.S. Jayalath (2004) MMn1sdssiliunanssny
¥ rd' a v v ! A o

nesuAssgaanfileniainfindadecludinaeiningramnssuaestlssmarsaan
Tudasap. 2001 Teesianis Anen 398 WyaA1ANN EURENINATHTANERT LHBLAn
winnsad i dadesaasnguildirgnamnssululssme  A3dann aannisdisasiag
LULABLON 150 NGNFRRENI199NIAGAAINNTIH  IAENITNAIUNYAAIAINEYIALLHS
a o Y 1 a o rdl = { dliz a dl
Aampnisilnindadesanyaraes@ndueiidanns, yaA1ainnisfsedauATes

Auna A A Hana i dadag 1wy

Tnautigarinn goydenndsziny 2es findades duuwuuiuauasamt
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ANUUATBITUIANINANTINUIZMAATAINT)  AINNIANHIITLNATE YAAIAIN QTYLAE

wae Wana i dades  nell wuulunuasmiiegitlszinns 066 US$KWh @
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ﬂ‘m@"lﬂﬂﬁ‘?ﬂmﬂﬂﬂ@ﬂqﬂqqm'@lﬁylﬂﬂlﬂ@mﬂiﬂﬁ’] AR Nqﬂmﬁﬂﬁ@@m@qﬁﬂﬁfﬂﬂ?gﬁﬂm

a o o o J a dl a c v v = =]
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AN919N 2.1

! a4 A a o v =~ P
Nﬂ@mﬂfnugmlﬂﬂLS\J@LﬂmVLWmeJﬂ\‘ImLLUUNLLNHLL@ﬂNNLLNu

LEINANNNANGAAIUNITHTBIU TN ARFTAIN

Momentary Unplanned Planned
Industrial category (US$) (US$/h) (US$/h)
1 Food, beverage and tobacco products 302 153 363
1.1 | Food and other 211 166 279
1.2 | Liquor 3 7 7
1.3 | Beverage 139 161 161
1.4 | Tobacco product 4,363 16 4,378
2 Textile, wearing apparel and leather products 122 108 186
2.1 | Apparel 121 82 161
2.2 | Textile 110 134 199
2.3 | Leather 158 248 354
3 Chemical, petroleum, rubber and plastic products 156 83 218
3.1 [ Chemicals,Paints and Fertilisers 221 316 316
3.2 | Rubber 67 57 110
3.3 | Plastic and PVC 187 110 288
3.4 | Pharmaceuticals, detergent and other 180 5 200
3.5 | Petroleum product - 65 65
4 Non-metallic mineral products 169 108 267
4.1 | Diamond processing 51 51 51
4.2 | Ceramic products 100 98 172
4.3 | Cement 782 582 1,636
4.4 | Building materials and other 135 54 151
5 Fabricated metal products, machinery and transport 125 416 429
Equipment
6 Tea industry 4 22 22
7 Coconut industry 1 75 131
8 Hotel industry - 26 26
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Priyantha D.C. Wijayatunga, M.S Jayalath (2003) ANBKANIZNLNI9AU

rd‘ a o v ! o =
imsgA1ansiienia Mindadesludiugnainssuresdssmatisnaiing TnaiAnmn
yarAugidaiananindadesaasnguildningnaivnssululssmaivaanmeaann
NM3AN9IAMEILLLIARLANNENT] A.A. 2001-2003 AMNNITANTIATBINGH ARANUNITHAUI
188 LUt Tnevyaria goyide it Ntszinn anwozaes i dadeawuuiuam
1 £ 1 1 v 1 al
ansuthuarldiuauasmty  ueneNtsziamepainesy 12 nguepamnasy Tead
yaAIAN goyldsiedy 998 aadnsidlWindadesuuuiunuasmthegilszunns - 0.34
US$/kWh uaz 0.83 US$/kwh dmdunsailnindadesuunlsifiuuuaasm Tnadsuaziaen

]
¥ o a

VRHAAIATTINN 2.2 ey ﬁl’]'ﬁ\?ﬁ 2.3

AN99TN 2.2
1 al dll a [ 1l
yaraNgydeiania i dadeauun lddueum

UENANNNANYARIUNTINLBILTLINALTNAAINA

Average unplanned Maximum deviation with
Industry

interruption cost ($/kWh) 95% confidence ($/kWh)
Food manufacturing 0.17 0.03
Tobacco manufacturing 2.75 0.33
Textile manufacturing 0.39 0.06
Wearing apparel 2.34 0.26
Leather products 9.60 1.16
Wood and cork 2.18 0.06
Printing 2.25 0.23
Pharmaceuticals 1.02 0.43
Chemicals 2.36 0.61
Non-metallic mineral 0.12 0.04
Iron and steel 1.27 0.19
Metal products 0.56 017
Industrial sector average 0.83 0.04
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AN9199 2.3
1 al dl a o Y =
yaAAugoidaiana i dadeuundem

WENATNNGNEAAINNTTNIRL TUN AT AR N A

Average planned
Maximum deeviation with
Industry interruption cost
95% confidence ($/kWh)
($/kWh)
Food manufacturing 0.1 0.03
Tobacco manufacturing 0.00 0.00
Textile manufacturing 0.14 0.03
Wearing apparel 1.00 0.30
Leather products 0.94 0.51
Wood and cork 1.33 0.16
Printing 1.87 0.46
Pharmaceuticals 0.05 0.03
Chemicals 0.18 0.10
Non-metallic mineral 0.04 0.01
Iron and steel 1.06 0.20
Metal products 0.00 0.00
Industrial sector average 0.34 0.03

Thomas H. Fritts (2002) 91NN9ANHNARELNDLILRUNANTLNLNAL
isgAnanfilafinugnisnilniindadesanvsaingiuli@iimataiuginunnnlu
a dal dl a Y o Y dl a é’ =)
Usnunuiuunzna TnafarsunaindayasesmgnisallWindadesiniaaulusay 20 1
(99Tl A.A. 1978 - 1997) @B NgsuliAuIaa dsnaliialym liindadacsauis
1,600 A3 Tnadenansenusianiagaaungsy wasdinisgouids ludunisnanaes

NARAATUNTIHLNIUNTT $3,000,000
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Electncal Outages 1978-97
Due To Snakes (N=1,658)

- N N
& 8 8

8

Number of Outages
8

om.l.“l
787980818283 84858687 88899091929394959697

Year



AN9NT 2.4
1 al dll a o Y U val %
yarANgdniaia i dadesamnaingdulddnimna

m@um:mu(@wdw%.m978 -1997)

Date Transmission lines Number of distribution Approximate Estimated cost
affected lines affected duration (h)
10/07/95 2 14 >6 $2,250,000
12/01/95 8 >6 $562,500
12/03/95  Cabras /Macheche from Large areas of island ? $495,000
news article
12/10/95 4 ~1
12/17/95 8 >1
12/18/95 5 ~3
12/20/95 2 >3
12/31/95 3 3 ~1 $375,000
1/15/96 4 4 ~1 $40,837
1/25/96 2 4 <1
2/15/96 2 ~1
2/17/96 2 ~2
2/22/96 7 >1
3/27/96 1 ?
3/28/96 2 ?
3/31/96 2 ~1
4/1/96 3 7 <1
4/6/96 2 ~1
4/7/96 2 ~1
4/12/96 2 ~1
4/18/96 3 >1
5/2/96 3 4 ~1 $ 81,675
5/11/96 4 ~2
5/14/96 6 >2
5/18/96 2 >1

5/29/96 3 >2
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AN947 2.4(519)

|
al =l

yarANgrydsiana i dadesannaingsuld@imna

o

9891n12NAN T4 lusan 20 1 (5xu9n9tle.@.1978 -1997)

Date Transmission lines Number of distribution Approximate Estimated cost
affected lines affected duration (h)
5/30/9 3 >1
6/9/96 4 >2
6/13/96 3 <1
6/18/96 2 4 ~3 $120,879
7/6/96 5 ?
7/18/96 2 ?
9/3/96 2 ~12
9/4/96 3 4 ~1 $40,590
total 34 event 108 44 59 $3,966,481 for 8
12 month outage

ADTUARENANY AN anends  (2001) MEanisAne desidiv

1 1 ¥ 1
yar NG denAsEgiaiiesan i dadeaiiet] A.A. 2000 TeasuunAINAUR

u u

Aelfmuensg o fadszmalng  Teaudaduyadiangnidesmuialszma was

¥ i
A A 1

Nﬂ@mm’ngtyLaﬂLLEﬂ[ﬁl’mﬁuﬁmﬁ“-ﬁ’mVLWW’]%ﬂ 5 Hufiae 1)unnisanslwaes nww. 2)nng
A pniAwile 289 nlA. 3) nrlniwanARzIuean@samile 189 A, 4) s Tadn
ARNNANANSIRY NN, 5) Msliimanialdues niin. wazlEinnnswRmNLLLS ane e
vaAAagnyAeiiesannin dadies uaznssnfiuyamenugadeiiesanlni

Todesras ¥ wiraanilu 7 dszinldun 1) fegand 2) Aanisuwadn 3) Aannsawa
nans 4) Aansaunalvg 5) NANITRNIZeNN 6) MUIENIUIITNTUAZAIANT ILANKA

Mla7) zgufn ansinems annesiiiuniedisaleensuuseuniaanngusiiating

7 sziangan 2,238 38 Iinasgtyariangoydavesyldiniisnaes
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nsAnuaIassuaznslindiuginiauazyaaiangdasmurivlseme  Tnauans

2UAZIDUARINANTIN 2.5 LAy ANT9N 2.6

AN9N7N 2.5

[l a = o a [ %
yaAANNgryAaeE [ Wi ann1sAnEaeinaInsalinangde

A7 AN IER* (mm&i@ﬁ‘i@f?ﬁ]ﬁﬂmm) ICPE* (Uﬁmﬁi@m;”q)
. 53.799 147,500
nnA. 60.165 62,723
sz 60.348 64,991
* I[ER : Interrupted Energy Rate
ICPE : Interruption Cost Per Event
ANIT 2.6

yarAugryideiiasannininsuuuuiage g 14w

ANNNIANHIIBRIAINTOINUNANEN AR

IER* (LNFABNTATRG-T7 109) ICPE* (L N6RATY)
gl . .
AQA 434 m AR f494m
AN, 35.559 69.739 97,493 119,190
nna. 38.236 72.634 39,861 75,721
FNNNUsLINA 38.524 73.637 41,489 79,303

Pablo Serra, Gabriel Fierro (1997) 1§%1n13 Anm3dtiive uyar1aa

grydendainin winnisnd Ifndedecaaing ufldlWigaavnssululsvneada  funis
d

199ANGNAIAENY 200 NENAIRLNY uazAINNANIIANE ATy aRIANgIAILHS

Nalnindndecadeatn Use 7.7sanladns-4qTug
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Ashok Sarkar (1995) NMsANEIMNYAAIAIIN gryidedafia weniend Iy

o

3 a 1 £ 1 a = I 1
ATBI WUUNUHURINUUT TENN]H Eﬁ’ﬂﬂ/\lﬁq 1991sznARULALARULLA WEINATHNNAN

QRANUNTIN , WITITNIIN , IN1E sNIsNuacagenda  Taudl Yyar1Aw qoydaidaiin
winnsadlWindadesiuuiunuasntiiagh 2.3 RupeessiakWh lngisnaaziaenlauanis

AN919% 2.7

P3N 2.7
yarAugoidaianalwindadesuuudunuasansinaead 14w

TulsswmedulignauwmiiaannisAaneiletl A.A. 1990

Outage Outage Cost in Rs./kW
Composite Outage
Duration in
Industrial | Commercial | Agricultural | Residential Costin Rs./kW
mins.

5 0.14 0.25 0.30 0.09 0.19

20 0.56 0.88 1.22 0.38 0.77

60 1.67 2.40 3.65 1.16 2.30

240 6.67 8.54 14.59 4.90 9.17

480 13.34 16.09 29.18 10.40 18.37

2.2 AmadadtalarasszuulWiinumsSuilgessunlnia

Rosawan Bupasiri, Naruemon Wattanapongsakorn (2004) NINNTANEINELNDULALD
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Tuszuuamdelndnldanas  vinldlAA SAIFI (System Average Interruption Frequency

1
I o

Index) waz SAIDI (System Average Interruption Duration Index) ﬁaﬁ@‘m (mmm‘uﬁ‘hzgm)
Tnatlszansinsuiilymsaedsnisluwizllsunsuiia wuulaimadu SeagliAaesainau

ﬁﬁzﬁm (Optimal Results)
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3.1.1.2 Uszannsinaruauluanin ( Infinite Population) vnneifalssa1nsnil
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e n = 1evesidassinatenguiiinang
N = dszansianun
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D = szaupanuildadnAny
3.1.3 szianuagasn1sguniacng
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[ dl . ddll = 1 v a s . =® a
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=

(Classical Set) wizawtanIue (Crisp Set) WuanniAAsiiluandngdde 0 vz 1 {0, 1}
WintiAs Tl Nz as anfaatianaaiuANaay RanuAIdAuauluEANItaan1uue
Wupuidtnuingaws 70 ta 120 dlanfulpefienuuuudadmnananivualuaundanig

fnutsznnns 80 Alansu FarflunisliRe N I la A9 DNIALIIAN UUUAY FININT 3.5

AN 3.5

ANBUBINIAUANE sz UdINmALULITL (F1l997) Ui e (gUdae)
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Aarffuanauann
Ha(X) 1 X —>[0,1] (3.5)
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A={(x, u ()| xe X} (3.6)
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ANANS (Universe) wisatseanng 1 X = {x,,X,.%,....x Liugaanis waz A ifludadimalu X

a 1% o c

8m (Discrete) wazaniia &tiynsad (Notation) aneweadims WWew sy

3

Faiflumile

Az{ﬂA(X1)+ﬂA(X2)+ ...... +M}:{ZH:M} (3.7)
X, Xq i=1 X;
slawaal pa (%)% i=12,.......,n vangdgArpsduant@n g, (%) 199 x lwan A

= . = = .
LAZLATRNIUNNE “+” UN8DNE LU (Union)

AW 3.6

Werduauiuauinaesiatimauunign A

0.9 oo
0.8 >
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AW 3.7

WarfdupuiuanTnuaelad maLULAaIias A
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3.3.3 N9ANIUNNTNIN DT Ldm

nesniunstesiedsafipuauiviioutugeloeil  fniefudiunie
(Operation) @@ Union Intersection Wa Complement uansnatinglugluasila o
AumAE

3.3.1. gilens (Union) sasila@ian aziflu OR operation luaunsfi 3.9 uaz

AN 3.8

Has (X)= 15 (X)V a5 (X) (3.9)
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AW 3.8

aleuasiedmmn A uay B

0 X

3.3.2. Auwefands (Intersection) eeWadsm aziilis AND Operation M

ANNST 3.10 WAZNINT 3.9
Harp (X) =ﬂA(X)M‘B (X) (3.10)

AN 3.9

Aumafdatuaasiadmm A uay B

'S

3.3.3. ABNNALNUS (Complement) 229N TLEA ldNN1T 3.114aZNN7 3.10

,uA(X)zl—,uA(X) (3.11)



32

AW 3.10

ABNNALNUAURINTT TR A

1l
L
I
0 =\
3.3.4 AnsantiRvasdimn
WadgniAmanTmaNnwLLey Tiun
AUB=BUA
Commutativity U U (3.12)
ANB=BNA

A iativi 3.13
ssociativity ﬂ(BﬂC)z(Aﬂ B)ﬂC ( )
o AU(BNC)=(AUB)N(AUC)

Distributivity (3.14)

ﬂ(BUC)=(AﬂB)U(AﬂC)

|demptency AUA=Auaz ANA=A (3.15)

Identity AUOZ Alay AﬂX =A (316)

ANO0=0uwaz AUX =X

Transitivity AcB,Bc=CuaAcC (3.17)
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3.3.5 Wanduauilugandn
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3.3.5.1. fHariduguwmaeu (Triangular Membership Function)

Aarfdug N asNERINA 3 W1sRmasea {a, b, ¢}

0 Xx<a
(x—a)/(b-a) a<x<b

Triangular(x:a,b,c) = (3.18)
( ) (c—x)/(c-b) b<x<c
0 X>C
3.3.5.2. 14 "‘ﬁuamaaumamﬂ (Trapezoidal Membership Function)
Herdugmasnamyiianne 4 wisdwasaa {a, b, ¢, d)
0 Xx<a
(x—a)/(b-a) a<x<b
Trapezoidal (X:a,b,c,d)=|1 b<x<c (3.19)
(d-x)/(d—c) c<x<d
0 x<d

3.3.5.3. Warfdunndidess (Gaussian Membership Function)

AN B IURANNA 2 W1 TRasAa {m, G} T4 m NUEDIANDAS WA

G waneie ANDERLUNIATgIW



Gaussian(x:m,o’) =exp| —

3.3.5.4. MariduseaAI (Bell-shaped Membership Function)

Heridugtszalandninasdlineivisunn 3 Ade {a, b, c}

Bell-shaped (x:a,b,c) =

2
(o3

1+

3.3.5.5. WaridusnLea (Smooth Membership Function)

WeridugLsaealinnaimeiiaviun 2 Aka {a, b

S(x:a,b)=

3.3.5.6. WandusaLga (Z-Membership Function)

WeridugLaeainiaimeiiaun 2 Aka {a, b

Z(x:a,b)=

A o‘nl/ [~] a
AMFLAANANATRUAIAIN LI UANTN

psaLAgNIDsdayanaziudan

1

1-—

|
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Highly comprehensible membership functions

Membership degree
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siandsniedunisdsznauni (Composition)  we9saulsdnyanend
(Symbolic Variable) warFauilaimsias  (Numerical Variable) sinatingsauilsdyansnl
wiy “gl979 i n9anszuan” (Shape = Cylinder) A191 “31319” Lﬂuﬁmmiﬁmnﬁﬂgﬂéw
2109978 AR NAUUTITNAT 1YW “ANNGIINAL 4 WR” (Height = 4)  faudsidaiazay
PFfulugnaudnAnemans daanssurans adamans nsunns uaziu ° dusa
LLﬂiz’Q“tyﬁﬂmﬁﬁmmz%ﬁﬁyluﬁmmmilﬁ'mﬁuﬁtymﬁﬂizawjm:miﬁmau‘lﬂ N7 146N
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3.3.7 ngﬂ‘ﬁ% (Fuzzy Rules)
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InenfsneaiuitdaaaniauuNInLANtanwavszensldanuninige
inazldun noiaduunin-wda (Fuzzy ifthen Rule) faadnenisldnglunisuanngudanan

#13.12 uaz 3.13 uanerlinigiuuy (Pattern Space) N9dnNguAYLNY W
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AN 3.13
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Iow >< Frigh
o H

ﬂgﬁsﬁ

nydia 1: 81 x HA low uaz x JAY Jow waa daya (x , x ) ilungu C

1 2 1 2 1

nydia 2: 81 x WA low uaz x JA high wda deya (x , x ) lungu C
2 1

2 2

1

ngdia 3: t1 x A0 high uaz x HA1 low wda degya (x , x ) iungu C
1 2 1 2 3
ngdia 4: 61 x A0 high uaz x JA1 high uda deya (x, x ) lungu C
1 2 1 2 4
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Sngtuunvesssuuidudeuiiananandan  alaTaauyd WZsTILMEN AN TLARS
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Tasaaieiuguresnsdssananauuyies

Knowledge

Rule base Database

Fuzzification . Inference , Defuzzification

Fuzzy Fuzzy



39
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ATUANHIUZIDIUAAZBUNY  (Input) wazANATATYFaLaNsWn  (Output) Mivnaulalag

q

Weriduaziidanwaziilunisiovuanimiandity e ldduie@nisaunn fanini 3.17

AW 3.17
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Variable | Function Input
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Rules
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AN 3.19

Tupaun 3 Fan1mAmnA1ans inatiAN A lUwA lugdilad aedn

Rules

Fuzzy Fuzzy
' Fuzzification
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s idundttiensdymengnini - 320 uazfedaneatinAnans iy 381990
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AN 3.20
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Mathematic

Process

Fuzzy ! Defuzzification Output

FsnsvinAieTlidudlng  (Defuzzification) umaliAnisiaenAgegn

~ ~ | = o ' o )
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qaAULTaY (Central of Gravity: COG) LluAinsiadenanlaaInnisiaumme e 14

Tuilaqiiu AdlfazAauanqadudtasdaasuainnisdssunmaiainaunig (3.24)
COG="=2 (3.24)

N UNUAIGSUARILAUGN 1 DAL |
o o . do 4
O, WA reaen i AN A LT |
W, WNUNUN T AR TR UL |
! ax dla Y o dl 1 o sl dl acx
gauaanisuunRantan ldiuinamAa iz I Aasnuaues
Mamdani Ran s ldngied IF-THEN aaangfiee/lugt
Rule,: if xis Ajand y is B, then z is C,
Rule,: if xis A,and y is B, thenzis C,

AmFuBunmle 7 xis x,and v is y, Aariunaag z Aa C
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8 WARAUT Ay
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151un19 19 1WH A (6)
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51315 Ui

6 16 — 30 U

7 30 Wit — 1 Falu

8 11NN91 1 dalug
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2 5 WwAUai
3 6 TWAUAW
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aNNAFIY PRGEGHL

Electric_Maintainance_Frequency mm?ﬁllum@ﬁqqq?ﬂﬂﬁixuudqﬂh\luﬁﬂ(4)
11 Ao/l
22 ASefl
33 pse/l
4 4 A5l

Lost_Amount_Rang yarANgoydansidinindadesunnlaiium(9)
1 $88n9110,000 LNFIBAS

210,000-30,000 LMFaAT

3 30,000-50,000 Unsianss

4 50,000-100,000 LMFaAYY

5100,000-500,000 ‘]_I’Wllfi‘ﬂﬂ%:/\‘]

6 500,000-1,000,000 ‘].I’]‘Vl[ﬁi‘ﬂﬂ%\‘i

7 1,000,000-5,0000,000 U’]Vl[ﬂ'ﬂﬂzij/\i

8 5,000,000-10,000,000 ‘]_I’Wllfi‘ﬂﬂ%:/\‘]

9 141nN9110,000,000 LNNFIAAT

Lost_Amount_Rang_7 yaAANgrdansil inindadeauundun(?)
1 ¥08IN4110,000 LNFIBAT

210,000-30,000 U nsiaAss

3 30,000-50,000 U nsiaAss

4 50,000-100,000 LMFaARY
5100,000-500,000 U’]Vllﬁi’ﬂﬂ%:/\‘i

6 500,000-1,000,000 Uﬂwﬁ@ﬂ%\i

7 141NN91100,000 LNEBATS
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nautlasdayalvieslugtuuudayaduiuiatanan

TUATBIGARNUNITNUENAIN TSIC Fuzzy input |  trimf
21919 1 012
Fana 2 123
1t 3 234
NITAL 4 345
A3l 5 456
alany 6 567
‘E@m‘ﬁuﬂm 7 678
NARATUT AN 8 789
'fﬁ'w] 9 8910
Bl AN Fuzzy input | trimf
Piaeindn 50,000 AlasRA-dlusralRay 1 012
50,000 — 100,000 Aladms-Falussia Ao 2 123
100,000 — 250,000 AladmA-faluriaiion 3 234
250,000 — 1,000,000 Ala3A-dalueriaiion 4 345
1,000,000 — 5,000,000 AladnA-dluasiaiRey 5 456
NN 5,000,000 AladRE-daTuasia AL 6 567
NILUIUNITUAR Fuzzy input | trimf
siaiilos 1 012
Taisiaifing 2 123
FauiaRgalaay Fuzzy input |  trimf
%ﬁ@ﬂluﬁuﬁﬁﬂm 1 012
%@@g’u@nﬁuﬁﬁﬂm 2 123
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sreiznanIad IANdadadlansfans

Fuzzy input trimf
1-3 U 1 012
4-6 W7 2 123
7 -9 U 3 234
10 — 12 W 4 345
13- 15 W1 5 456
16 — 30 W1W 6 567
30 Wit — 1 dalug 7 678
W 1 dalug 8 789
RN N RNt P SR S oA R TIATAT Fuzzy input |  trimf
4 AU 1 012
5 Jw/ddanit 2 123
6 JwaUat 3 234
7 Twddand 4 345
doanaiinamamsaliidadewnniign Fuzzy input | trimf
Hupw — Aguieu 1 012
NINGIAN — HAIAN 2 123
WEAANEY — NNATAUE 3 234
avfnadunuiuiievidelidlaiawanisallnifivdades | Fuzzy input | trimf
laifunuduiie 1 012
Aunuduile 2 123
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a9Ansraarinuissuy Inindreanze Fuzzy input | trimf
gl 1 012
X 2 123
mmﬁliumiﬁﬁa;ﬁnm:rzuudmiﬂuﬁﬂ Fuzzy input |  trimf
1 pfefl 1 012
2 pEal 2 123
3 psal 3 234
4 P/l 4 345

yamAugoidansidlWindadesuunlufiueg | Fuzzyoutput | trimf
Piaendn 10,000 LMAaASs 1 012
10,000-30,000 U’]Vllﬁi‘ﬂﬂ%\‘i 2 123
30,000-50,000 U’]Vllﬁi‘ﬂﬂ%\‘i 3 234
50,000-100,000 U’]Vllﬁi‘ﬂﬂ%\‘i 4 345
100,000-500,000 U’]Vllﬁi‘ﬂﬂ%\‘i 5 456
500,000-1,000,000 U’]Vllﬁi‘ﬂﬂ%\‘i 6 567
1,000,000-5,0000,000 U’]Vlﬁi@ﬂ%%\i 7 678
5,000,000-10,000,000 U"]Vlfﬁi’ﬂﬂ%\‘] 8 789
111NN97 10,000,000 U MsaAKs 9 8910
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AW 4,12

a = o J a a o ]
Bunninauiuyariangydansid i deadesuuuliiunw

108 unplanned

(marmdlani)

unpianned tage ost

NINN 4.13

a = o 1 a = v v =
BUNMNELNLHA ﬂqﬁﬂl’lﬁ\l@ﬂ&lL@ﬂﬂﬁ‘m1Wﬁ’]°llﬁ°ll'ﬂMLUUNLLNu

1088 planned 1

(mamclari)

unpanned, tage ost
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4.6.2.3 aunisRansng N uas WaT aednieldvnyarininugade

o

Fafnlnihdadesmedldinfingramnssuuenauissnngramnasulnanisiatsan

mnmmﬁuﬁuﬁ‘iwdﬁmwm%uwmLL@szﬁwwﬁﬁmmLmeﬁiNﬁu (ﬂgﬁiﬂ%ﬁu) TaeINNg
LLﬂﬂﬁma*tmmmzﬁ”mﬁuﬁmm%uww%& 10 Bunnil @ WWNIe9 Yar1augdansal
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I o

TdfunuiAwiniy 2,985,984 ng uazaaiuldldaesngiamaesnsallwindadesuuy

o

HunuiAINGL 2,322,432 ng) Ben1smiAnzedngazldnisdnngnaesdeyanlaidiulneld
Tsunsugudeya (MS ACCESS) TumistaemAuaztinglaldluldsunsngeas gy

BunnuaznnTET 8080 AN 4.14 uaz 4.15
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npresBunnuazianinn g uuuied aednvesyariANgoLds

o

nem AT pdaguuu LT LN

Rule Viewer: 1088 unplanned BEX
Fie Edt View Optons
18C=05 Kh=05 process_type = 05 location =05 ocour_petiod_range = 0 Swarking_day_week = 0.Soccur_marth_range = 0.5 contingency_plan =05 elechic_spare =8iric_ maintenance_freausfieer Ml _otage._cost = 0.478
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Outage Cost of Industries in Thailand
by Considering Thailand Standard Industrial Classification

Rapeeporn Bhasaputra®, Woraratana Pattaraprakorn®, and Pornrapeepat Bhasaputra ®

Abstract— The aim of this paper is to evaluate the outage cost of the industrial customers in Thailand by considering
Thailand Standard Industrial Classification (TSIC). In this study, the 825 industries are collected data to evaluate planned
outage cost and unplanned outage cost. The analytical results show that an average planned outage cost and an average
unplanned outage cost of the 825 industrial customers in Thailand are 144,888 Baht/event and 651,383Baht/event,
respectively. In addition, the highest of unplanned outage found in the non-metallic mineral industries which the outage cost
is 1,396,680 Baht/event while the lowest of outage cost found in wood and wood products industries with average outage
cost 216,042 Baht/event. Finally, the results of high outage cost for unplanned outages can be reduced around 78% if the
utilities and industrial customers can manage the power outage from unplanned to planned outages.

Keywords— Outage cost, Thailand Standard Industrial Classification (TSIC), Metropolitan Electricity Authority (MEA),
Provincial Electricity Authority ( PEA), Outage impact factor, Power system reliability.

1. INTRODUCTION

Normally, electrical power system has been divided in
three systems that are generation, transmission and
distribution system [1]. In Thailand, there are three
authorities involved in the electrical power systems. The
main task of authorities is providing power supply with
acceptable reliability and reasonable price.

1.1 Electrical power system in Thailand

The total installed capacity of power plants in
Thailand is 29,139 MW, comprising 14,268.7 MW (49%)
from The Electricity Generating Authority of Thailand
(EGAT) power plants, 14,230.8 MW (48.8%) from
domestic private power producers both Independent
Power Producers (IPPs) and Small Power Producers
(SPPs) and the last 640 MW (2.2%) from neighboring
countries, namely Laos and Malaysia [2]. Although the
electricity of Thailand comes from several producers but
EGAT is still the main responsible authority for
transmission line systems which cover 30,219 circuit-
kilometers of high voltage transmission line. In addition,
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EGAT has enhanced its energy cooperation with
neighboring countries to mutually assistant enhance
security of power system by using the 300 MW Thailand -
Malaysia high voltage direct current (HVDC)
interconnection system which enabled the economic
power exchange and trading of 300 MW between the two
countries. The new interconnection system will also
enable EGAT networks to reduce their reserve capacity
and enhance energy supply security. For the distribution
systems, there are two responsible authorities which are
Metropolitan Electricity Authority (MEA) and Provincial
Electricity Authority (PEA). The MEA served electrical
energy for Bangkok, Samutprakan and Nonthaburi
provinces while the PEA has expanded electricity supply
to their respective areas covered 73 provinces except the
MEA’s areas. The PEA’ responsible areas cover 510,000
km?, accounting for 99.9% of the total country’s area.

1.2 Electricity demand

In 2008, the total of electrical energy consumption in
Thailand is equal to 134,411.82 GWh. The peak demand
is 22,568 MW that occurred on April 21, 2007. The
energy consumption in each customer group and each
distribution responsibility (PEA and MEA) are shown in
the Fig. 1 and Fig. 2, respectively [3]. It is clearly that the
industrial customer is the largest electrical energy
consumer when compared to other groups which
approximately is 44.82% of total demand. The calculated
reserve margin of all customers approximately is 24.50%
that reveal abundant installed capacity. Although the
installed capacity is still enough to reserve total customer
requirement, but the utility planners have important tasks



to continued study about the reliability of electrical power
system in their areas to improve system performance and
reach customer satisfaction level. However, improve
system to high reliability is also take high investment cost
and almost the problems of the electrical power reliability
occurred in the area of distribution system that affected
from external environment factors. So the planners must
concern the optimum of total investment and system
rGevIanbiIity target.
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Fig. 1. Electrical energy consumption of Thailand in 2008
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Fig. 2. Electrical energy consumption in 2008 which
classified by PEA and MEA

1.3 Power system reliability

Ideally, the power system’s reliability from the
viewpoint of consumers means uninterrupted supply of
power from the generation, transmission or distribution
systems. In the utility viewpoint, the meaning of
reliability is extended from the customer’s meaning with
the acceptable quality. Therefore, the general definition of
power system reliability is the ability of power supply to
perform the function of it’s designed for under the
operating conditions with acceptable quality. In practical,
the key indicators of power system reliability for
consumers are the frequency and duration of outages at
their point of utilization (i.e., their load point) [4]. The
reliability performances that utilities normally use to
assess power system reliability in Thailand are System
Average Interruption Frequency Index (SAIFI), System
Average Interruption Duration Index (SAIDI) and
Customer  Average Interruption  Duration  Index
(CAIDI)[5]. For instance, the quality standard targets of
PEA in year 2008 are 11.32 times/customer/year, 508
minutes/customer/year for SAIFI and SAIDI, respectively
[6] while the actual performance of distribution system in
Thailand that collected the data from the last six years
(2002-2007) are illustrated in term of SAIFI and SAIDI
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statistics as shown in Fig. 3 to Fig. 6. The summarized

information have been discussed as following:

- The SAIFI of MEA especially from year 2005 to 2007
are decreased continuously in all customer groups
which is 67.37%, 32.75% and 35.21% for industrial,
commercial and residential customers, respectively.

- The SAIDI of MEA especially from year 2005 to 2007
are also decreased which is 64.55%, 31.16% and
35.17% for industrial, commercial and residential
customers, respectively [7].

- The SAIFI of PEA especially from year 2002 to 2007
are decreased which is 22.31%, 34.56%, 10.86%,
26.53% and 24.35% in industrial, commercial, town
municipal, district municipal and rural customers,
respectively.

- The SAIDI of PEA especially from year 2002 to 2007
are decreased which is 47.08%, 42.76%, 29.08%,
42.62% and 39.48% in industrial, commercial, town
municipal, district municipal and rural customers,
respectively.

- The CAIDI of MEA’s industrial customer in year 2007
is equal 13.81 minutes per event per customer, but in
business and residential group is equal 23.19 and 23.67
minutes/event/customer, respectively. Correspondingly,
the CAIDI of PEA’s industrial group in year 2007 is
equal 21.29 minutes/event/customer, in business and
rural area is equal 35.86 and 46.83 minutes per event
per customer, respectively.

This indicators are important information in power system

planning and expansion especially in distribution

networks. When the power outage are happened, there are
several loss of opportunities from both utilities and
customer viewpoints. For example, the utility lost the
opportunity of income with deliver electrical energy to
thier customers. The industrial customers lost the
oppotunity in produce a finished production or equipment
might be damaged from power outage. Althrough, the
trend of distribution reliability (SAIFI, SAIDI and CAIDI)
is continuely improve over the interested period,

However, the constraints of utilities in Thailand especially

in PEA’s area is the reliability management of a wide

repomsible‘s area within an actual limited budget and
acheive sufficient customer‘s satisfication. For instance,

The total number of PEA’s electric-circuit are 8,673,

283,028, and 450,425 km-circuit for transmission,

distribution and low voltage distribution respectively,

Therefore, the investment cost of distribution system is

very large and impossible if all of customers need more

reliability and stability. So the major challenges of
utilities is to increase the market value of thier service
with the right amount of reliability and to decrease thier
cost of operation, miantenance and construction to

provide customers electricity at the lowest cost [8].

Therefore, the improvement of the distribution reliability

with optimum investment, the total cost of investment

must integrate both the cost of customers togather with
utility viewpoints [9-10]. When electric utilities are
considering alternative investment portfolios, particularly
in a least-cost planning framework, business customers
costs of outages are among the costs which should be



examined in various engineering options. This
information can be meaningfully applied to a wide range
of areas including transmission line design, substation and
distribution circuit design, equipment rating and
maintenance schedules [10].
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Fig. 3. SAIFI of MEA in 2002-2007
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1.4 Cost of energy not served

During power outages, there are the costs of energy not
served both electric utilities and customers. The costs of
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energy not served which normally are estimated from
economic costs and social costs. The economic costs can
be estimated with the variation in customer activities
while social costs can be evaluated using figures from
government agencies. Almost caused of energy not served
are occurred from power distribution systems. Although
power distribution systems have received less attention in
study than generating and transmission systems, but
analysis of the customer failure statistics show that
distribution systems contribute as much as 90% towards
the energy not served to a customer. In addition, utilities
are encountering increasing uncertainties in economic,
political, societal and environmental constraints [11]. This
has resulted in a requirement for more extensive
justification of new system facilities and an increased
emphasis on optimizing the operational cost and
reliability of the system. The study of outage cost is so
valuable information that needed to be continuity updated
in the interested period such as every 3-5 years. There
have been extensive studies in reference [12-14]. In year
2007-2008, the areas of PEA’s responsibility that cover
around 99.9% of total areas in Thailand found that the
energy not served (MWh) of residential customers is 2.4
times higher than industrial customers as shown in Fig. 7.
The reason of difference is the residential group has a
large of customers approximately 90.1% of total PEA’s
customers. However, it was significant decreased about
8.35% from 2007-2008 as same as the distribution
reliability index. In contrast, the utility losses in industrial
area were increased about 9.84 % from year 2007 to 2008
as shown in Fig. 8. The reason is the total energy
consumption in industrial customer is continuous
increase. In addition, productivity performance has also
improved. However, the cost of losses is not including in
the damage cost of equipment failure and maintenance
cost of electric restoration. In the industrial customers that
consumed a large of energy more than other customers
groups, the outage cost for industrial customers is a key
issue in the cost-effective management of electric utilities,
these costs may take the form of lost sales, poorer
relationships with customers because of delivery issues,
loss of final product or intermediate inputs, lost wages or
additional overtime costs and damage to sensitive
equipment.
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As the previous outage cost study of Thailand in year
2000 [15], the study estimated the loss of customer’s
viewpoint was to be approximately 60.348 Baht/kWh.
When the value of customer’s viewpoint is compared to
the value of utility’s viewpoint, it found that the customer
estimated outage cost is 20 times higher than utility
evaluated as shown in Fig. 9. Especially, the electricity
supply outages are directly economic impact to the
industrial customers on the other countries too. For
example, Pablo S. and Gabriel F. have studied the outage
costs in Chilean industrial are US¢ 7.7 kWh in year 1989
[16]. After that, Ashok S. have studied customer outage
cost in the northern region of India in case of reliability
evaluation of generation-resource plan using customer
outage costs are Rupees (Rs.) 2.30 per kWh in year 1990
[17]. Another one, Priyantha D.C. and M.S. Jayalath was
studied the economic impact of electricity unsupplied of
planned and unplanned outage in the Sri Lanka and
Bangladesh are US$ 0.66, US$ 1.08, US$ 0.34 and US$
0.83 per kWh of energy loss, respectively in year 2001-
2003 [18-19]. Furthermore, Thomas H. F. has studied the
outage cost of electric system cause by snakes on the
Island of Guam are estimated to cost in excess of US$
3,000,000 in lost of productivity from 1978-1997 that the
outage cause by snakes have more than 1,600 power
outages [20]. However, the outage cost can varies all time
which depends on many factors such as high production
cost, change of technology. So it’s requires to update
study results in periodic. In this study, the outage cost of
large industrial customers for all PEA’s areas are
evaluated. In addition, the power outage impact factors
are also determined in order to investigate each industrial
characteristic and study current performance of

126

distribution system reliability.

2. METHODOLOGIES

The area of this study is based on industrial customers’
questionnaire. The selected samples are classified by
Thailand standard Industrial classification (TSIC). Based
on the consideration designated factories according to the
Energy Conservation and Promotion Act B.E. 2535(1992)
in Thailand, the total number of industries is 3428. There
are 2,025 designated factories (or 59%) which are the
customer of PEA. The outage cost questionnaire is
distributed to all designated factories of PEA for
collecting the outage cost data. The key definition of the
questionnaire is concerned only the electrical power
quality problems that defined in term of “sustained
interruption” according to IEEE standard P1366
(interrupted more than one minute). The factors and
variables that affect the cost of outages can be broadly
classified as customer related and outage related. The
related variables are the distinctiveness of the activity or
the characteristics of the electrical use especially in
industrial customers. Thus the collection and analysis of
outage costs within customer sectors and subgroups (SIC
categories) is based on the assumption that as customer
categories become more homogeneous, there should be
less cost variation. The impact factors of industrial outage
cost questionnaires use a different approach from the
other sectors. In the study, the industrial respondents
estimate costs to their companies during sustained outage.
These include such components as lost sales, wages paid
to staff unable to work, damaged goods or equipment,
process recovery cost, restart features that would be
needed for specialized equipment, availability of standby
equipment, and others. In the developed outage cost
questionnaire, the respondents are questioned in two
outage scenarios that are planned and unplanned outage.

- Unplanned outages can be caused by many things such
as equipment outage, fire, animals, traffic accidents
and damage to power lines, severe whether even high
winds, storms and lightning. Normally unplanned
outage will occur without advance notification from
responsible utilities.

- Planned outage is the scheduled outage situation when
an item of an electrical plant or a circuit has to be
temporarily taken out of service for repair or to allow
network alterations and the utility announce the power
outages notification to their customers.

The expectation of this study is to investigate the outage
impact factors and to estimate planned/unplanned outage
cost of the designated factories in Thailand which is
expressed in BAHT/event of outage. In addition the
rational of difference between planned and unplanned
outage cost expected in the field of distribution system
planning and equipment target setting issues.

3. STUDY RESULTS

In this outage cost study, the 825 feedback respondents
from 9 industrial groups are received that is 35% of total



distributed questionnaires. The number of respondents in
each industrial group is shown in Fig. 10. The
summarized information is described in the following
subsections.
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Fig. 10. Percentage of respondents in the outage cost
study clasified by TSIC

3.1 Electrical cost; The overview of energy usage in the
825 designated industiral samples is represented in term
of the average electrical cost and energy consumption of
all sampled industries that are 4.34 MBaht/month,
1,336,263 kWh/month, respectively. The maximum of
electrical energy cost found in basic metallic industrial by
11,477,278 Baht/month while the pulp, paper and paper
products industrial is the minimum electrical cost by
1,723,984 Baht/month.
3.2 Aging of electrical machines and equipment; The
results of respondents found that nearly 50% of
respondents indicates that electrical machines and
equipment have been operated more than 10 years ago
with average value 1.7 timelyear of preventive
maintenance. Some respondents concerned about over life
cycle of electrical equipment and consequence of major
damage from the power outage. In addition, most of
respondents had an inefficient corrective maintenance
especially in spare part management.
3.3 Customer power outage experiences; the main
findings of outage frequency and duration for 825
industries are 37% of respondents evaluated that the
outage duration is 30-60 minutes/event, a haft of
respondents observed the outage frequency is not more
than 6 times/year (average 4.92 times/year) and the
average of process recovery time is 46.6 minutes/event. In
addition, 36% of respodent indicated that the time of most
outage is occurred around 15.00-18.00.
3.4 Emergency power systems; there are several
processes require emergency power supply in case of the
outage to supply necessary system. For instance, the
computer files need to be saved, lifting system needs to
operate for safety reason, sensitive equipment such as
electronic boards require a power to regulate functions
during outage. The results of this study show that the
emergency power supply is available for 516 designated
industries (65%) and the average of installed capacity is
14.4% of the demand. But most of these do not have
emergency units to supply their full energy demand. The
emergency power system of each industrial group is
shown in Table 1.
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Table 1. Emergency power system of 825 industries

Emergency Power System Available
TsIC (Respondents) capacity(%
Available Not of demand)
Available
31 80 25 16.5
32 30 34 17.0
33 16 18 9.0
34 11 3 18.8
35 62 35 12.0
36 44 20 17.6
37 19 10 14.2
38 77 44 114
39 190 107 12.8
total 529 296 14.4

TSIC 31, 32,..,39 represent for the industries of food, beverage &
tobacco, Textiles and leather products, Wood and wood products,
Chemical and rubber, Non metallic mineral, Basic material, Fabricated
metals, Other manufacturing, respectively.

3.5 Impact factors of outage cost; to investigate the
impacts of industrial customer during the power outage,
eight factors are selected from reliability research
literatures and used to be concerned parameters. The
rational outage impact factors in each industrial group are
shown in Table 2. The important issues are discussed as
following

- The employee’s overtime; this factor most impact in the
industries that operated less than 24 hours/day. There are
no responsible persons were working during the outage.
The surveyed found the average overtime is 16.9% of
outage cost.

- The defected production; when the outage was
happened, some intermidiate and finished products
damaged and unable to re-produce. In the customer
response found the average of production defect is 18.96
% especially in food, beverage and tobacco that is 21.6%
of the outage cost.

- The machines and equipment damage; there are several
types of failure consequence such as functional, life
ending, interruption and catastrophic. In some industries,
the sensitive equipment may be damaged or malfunction
during power outage while the emergency power supply
is not available in plant. The computer may damage
while supply voltage drop below minimum neccessary
operation and uninterrupted power supply is not
connected. The cost of computer is also account into a
part of outage cost. The overview of surveyed found
average of machine and equipment damage is 12.1% and
in the basic metallic industries found this factor is the
most impact with 15.5% of the outage cost.

- Cost of process recovery; some process in a plant cannot
immediately recover process while outage happens. It is
necessary to reset all processes to initial condition and
some case; it requires a day to recover all processes.
This factor in the study found no significant between
industrial groups with average 15.3% of outage cost.

- Opportunity losses during low cost of electricity rate; In
Thailand, most of industrial customers will operate
processes during off peak time in the Time of Use



(TOU) electric tariff. The cost of electricity in off peak
period (22.00-9.00 in week day, Saturday and Sunday) is
lower than on peak period (9.00-22.00 in week day) by
approximately 1/3 times that means the cost of
production can cut 3 times down when compare to peak
period. The opportunity losses of low electricity rate in
the industrial customer’s found that the non-metallic
industrial group which comprise with cement, glass and
ceramic industrial customers are the most affect with
average 12.1% of the average outage cost.

- Product delayed delivery; some products had reserved
ordering. When the production was delayed delivery as
order commitment, the supplier must be charged into
customers. The survey found 9 industrials are not
different impact with average 10.72% of outage cost.

- Profit loss; the damage in case electrical outage make
processes stop, some production is lost and consequence
of loss in profits. The average of this impact of all
industries is 14.87%, the most impact found in other
industrial group that is not classified in TSIC by 17.5%
of outage cost.

3.6 The outage cost evaluation
The results of outage cost by 825 designated industrial
data found that the average unplanned outage cost is
651,383 Baht/event while the average planned outage
which is 144,888 Baht/event. The outage cost in each
industrial group is shown in Table 3. In the study, there
are three major industries which impacted to outages; the
unplanned outage cost of non-metallic mineral, checmical
and rubber and basic material industries are higher than
avergae unplanned outage cost of 825 industrial
customers by 2.14, 1.80 and 1.70 times, respectively

4. CONCLUSION

According to the current situation of electrical energy in

Thailand is still stable in the point of reserve margin due

to the installed capacity of all power plants is more than

245 % of peak load. Including, the three electricity

authorities of Thailand (EGAT, MEA and PEA)

implement the sustainable policies to improve electrical
system reliability, stability and security. In this study, the
direct assessment method is proposed to determine the
performance of distribution system in term of customer
outage cost. The 825 designated industrial customers in

PEA’s areas have been evaluated the cost of both planned

and unplanned outage. The results show that in case of
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Table 2. Summarize impact factors of outage cost of 9 industrial customers (classified by TSIC)

Outage Impact factors

TSIC Overtime  Production Machine rZ(r:cf)J(\:/eesri/ Lost in off- Produg:t delay Profit losses Other
cost defect cost ~ damage cost cost peak rate delivery

Food, beverage & tobacco 18.3 21.6 11.3 16.3 114 8.4 12.4 0.3
Textiles and leather products 18.6 18.6 9.9 14.8 9.9 11.8 15.9 0.5
Wood and wood products 14.7 21 12.5 154 121 8.5 15 0.8
Pulp, paper & paper products 18.4 18.1 13.1 16.4 9.4 11 13.7 0
Chemical and rubber 16.6 19 13.4 14.2 115 10.8 14.4 0.3
Non metallic mineral 16.1 19.7 104 144 121 11.7 155 0.2
Basic material 15.5 18 15.5 16.4 11.1 10.2 13.4 0
Fabricated metals 17.1 17.7 12.4 14.5 10.4 11.8 16 0.2
Other manufacturing 17.3 16.9 111 15.6 9.1 12.3 175 0.3
Average 16.9 18.9 12.1 15.3 10.78 10.72 14.87 0.29

Table 3. Summarize the outage cost of 825 industrial customers (planned and unplanned outage)

Electrical Outage cost (Baht/Event)
cost % of deviation
TSIC 0 of deviatio
(Baht/month) Unplanned outage Planned outage
min avg max min avg max min avg max
Food, beverage & tobacco 2,287,878 138,912 292,520 530,160 37,040 70,000 119,000 73.34 76.07 77.55
Textiles and leather products 2,872,665 238,141 452,930 763,047 28,313 45938 68,281 88.11 89.86 91.05
Wood and wood products 5,006,555 126,750 216,042 330,417 102,083 244,375 478,333  19.46 -13.11 -44.77
Pulp, paper & paper products 1,723,984 147,000 314,167 574,667 29,067 48,333 74,333 80.23 84.62 87.06
Chemical and rubber 1,821,266 752,677 1,173,828 1,639,792 62,135 137,891 259,583 91.74 88.25 84.17
Non metallic mineral 7,660,796 806,328 1,396,680 2,174,531 165,781 352,891 644,844  79.44 74.73 70.35
Basic material 11,477,278 663,281 1,110,078 1,672,500 99,719 217,734 404,688  84.97 80.39 75.8
Fabricated metals 1,998,792 220,008 419,979 709,874 50,134 85,672 132,185 77.21 79.6 81.38

Other manufacturing 4,236,486 279,292 486,220 760,533 50,904 101,160 176,959  81.77 79.19 76.73

6Cl
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Fig. 11. Planned and unplanned outage cost of 9 industrial
groups

unplanned outage, the non-metallic mineral that comprise
with cement and glass industries have the highest average
outage cost by 1,396,680 Baht/event while the lowest
average outage cost found in wood and wood products by
216,042 Baht/event. In case of planned outage, the highest
average outage cost is also found in non-metallic mineral
industries by 352,891 Baht/event and the lowest average
outage cost found in textile and leather products by
45,938 Baht/event. In addition, the major impact factor in
this study is 18.9% of the outage cost caused by
production defect. The other impact factors are 16.90,
15.30, 14.87, 12.1, 10.78, 10.72, and 0.29 for overtime
cost, process recovery cost, profit losses, machine damage
cost, opportunity lost of low electricity rate, product delay
delivery, and other respectively. Futher and important
issue in the study is the unplanned outage cost can be
reduced about 78% of outage cost if responsible utilities
can identify outage management system to planned
outage. Finally, the outage cost study can be concluded
that the overall economic losses due to unplanned and
planned outage impact to industrial customers both direct
and indirect cost. Consequently, power outages impact on
Thailand’s economic growth.
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