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Outage Cost of Industries in Thailand
5 %% by Considering Thailand Standard Industrial Classification

% P. Teansri, R. Bhasaputra, W. Pattaraprakorn, aith&aputra

Abstract— The aim of this paper is to evaluate the plannedi amplanned outage cost of the industries in Timailay
considering Thailand Standard Industrial Classifioa (TSIC). In this study, the 825 surveyed indaistdata is
collected to represent the outage cost in termBaift/event, Baht/kWh and Baht/kWh addition, the impact factors
such as employee overtime, defected product, meghamd equipment damage and etc. are also detednime
percentage of outage cost. The results of survelgdal indicate that above half of industries oper#tte equipment
and machines longer than ten years and one-thirthddistries work without the emergency power sysidrite the
industries with the emergency power system hasatleeage capacity only 14.4% of total demand. Thalydical
results show that the average planned outage castsl40,444 Baht/event, 74.94 Baht/kWh, and 16.23t/BW\,
whereas the average unplanned outage costs are885Baht/event, 308.41 Baht/kwWh, 68.47 Bahi/késpectively.
Moreover, the highest unplanned outage cost foarttié non-metallic mineral industries with the age outage cost
of 1,396,680 Baht/event while the lowest unplanmédge cost found in wood and wood products iniesstvith the
average outage cost of 216,042 Baht/event. Théetertd wood products industries have the highesage cost in
term of energy not supplied that are 387.36 Bahilavd 96.80 Baht/kWh for unplanned outage and mdroutage,
respectively. The pulp, paper and paper produatsistries have the highest outage cost in term ak peemand that
are 92.05 Baht/k\\for unplanned outage cost and 23.62 Bahj/ki¥ planned outage cost. Furthermore, the factor o
defected product has the highest percentage ofgeutmpact factors that is 18.9% approximately. Hinathe
unplanned outage cost per event from industriesivwpoint can be decreased up to 90% when the optntage
management has been implemented successfully edfteration between utility and industries to chamngglanned

outage to planned outage.

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

1. INTRODUCTION

In the year of 2008, the global economic crisis
political uncertainty and fluctuating oil prices ree

constraints of Thai economic growth, which

considered as the parameter of risk analysis. Th

especially in commercial and industrial sectorshédigh
financial problems are constraints for economic
expansion, the forecast of electricity consumption

' Thailand will grow rapidly after crisis recoveryoSthe

electric utilities require optimal planning for the

S expansion and improvement on generation systems,
&ransmission systems and distribution systems with

consequences of the economic crisis decelerated thﬁcceptable reliability levels and reasonable pritgs

energy consumption in most

infrastructure  projects included improvement
electrical power systems. Furthermore, fluctuatiib
prices lead to difficult management in electriciipit
prices.

Electricity is an important energy to drive Thabaomy
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economic  sectors.
Moreover, the political uncertainty due to changds

government during 2008 delayed the disbursement of1
government budgets and the implementation of mega-
on The total installed capacity of power plants in ifdrad is

1.1 Electrical power system in Thailand

.1.1 Generating systems

29,211 MW as shown in Fig. 1. The capacity of 18,32
MW (49%) is from the Electricity Generating Authtyri

of Thailand (EGAT) power plants, 12,151 MW (42%) is
from Independent Power Producers (IPPs), 2,092 MW
(7%) is from Small Power Producers (SPPs) andake |
640 MW (2%) is from neighboring countries, namely
Lao PDR and Malaysia [2]. Fig. 2 illustates the
percentage of generated power by fuel types. Nagas
has the largest portion of the total installed cétygawith
70%, while approximately 21.2% is from coal andniig

and the small portion is from renewable energy with
1.4%. In order to increase Thailand energy sequitity
roles of renewable energy such as biomass, biogas,
municiple solid waste (MSW), solar and wind are
expected the rapid growth in the future of elediric
markets.
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Although using high volumn of traditional resources through 524 delivery points with the total transfier
such as natural gas, coal and lignite for eledyrici capacity of 72,075.19 megavolt-amperes (MVA). In
generation has a benefit of low opearting cost, theaddition, EGAT has enhanced the energy cooperation
combusion of traditional resources contributes thewith neighboring countries by using the 300 MW
environmental aspects included climate change ssdne  Thailand - Malaysia high voltage direct current (Bi®)
addition, the limited traditional resources andhhigpwer interconnection system which enable the power
demand result in unsecured energy reserves. Therefo exchange between the two countries. The new
the directive energy policies included effectiveatdgies  interconnection system will also allow EGAT netwsrk
of Thailand power development plan have been laeshch to reduce the reserve capacity and enhance enapgiys
into all sectors to deaccelerate and reduce powek p security.
de_m_and. For instance, t_he encouraging of eNnergy, 1 o pistribution systems
efficiency and conservation, supporting renewable
energy projects and promoting clean developmentThe distribution systems in Thailand are devidedwa
mechanism (CDM) can enhance the energy security. authorithies. The Metropolitan Electricity Authgrit

(MEA) serves electricity for 2,793,337 customers in
Bangkok, Samutprakan and Nonthaburi provinces while

Installed capacity (MW) the Provincial Electricity Authority (PEA) provides
16,000 14328 electricity for 14,600,420 customers in 73 proviteat
14,000 15151 covers 510,000 kmor 99.9% of the total country’s
12,000 - areas.
1:’222 1.2 Electricity demands and forecasting
6:000 In 2008, the total of electrical energy consumption
4,000 Thailand is equal to 134,936.63 GWh. '!'he peak deman
' 2,002 was 22,568 MW that occurred on April 21, 2008. The
2,000 . 640 electrical energy consumption of Thailand in 2008w
0 ' ' - classified by five customer sectors as shown in idn
EGAT PP SFP Tmport addition, the electrical energy consumption wasdeis
Fource: EGAT's Annualreport 2008 by distribution authorities (PEA and MEA) as illteted
) o . in Fig. 4 [3]. The situation of electricity demands
Fig. 1. Installed capacity in Thailand. clearly that the industrial sector (46.82% of tlotak
demand) is the largest electricity consumption carag
Installed capacity (%) with the other groups. The calculated reserve maogi
20 all customers is 24.50% which reveal abundant lilesta
20 18 capacity due to the situations and conditions obagl
&0 - economic recession. However, the growth rate obajlo
5o | economy at 3.5-4.7% increasing is predicted whézd|
a0 - to expanding the GDP’s index and energy demands in
30 | Thailand during 2008-2021.
20 1 126 . _ _
10 - : Electrical energy consumption
16 141 03 02 (GWh)
0 - ———— - - 70,000 207
3 W & o & 3 X S B 60,000
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Fig. 2. Percentage installed capacity by fuel types o El I 8 [ |
RESIDENTIAL BUSIHEES IMDUSTRY AGRICULTURE OTHERS
112 Transm|SS|on Systems Source: Energy Policy and Plarwing Office, Ministry of Energy, Thailand

At present, the electricity markets in Thailand are Fig. 3. Electrical energy consumption of Thailand in
influenced by private sectors that participate in 2008

renewable energy projects. Nevertheless, EGAT ilis st

the main responsible authority for transmissionesys

which cover 30,219 circuit-kilometers of high vgea

transmission lines. The standard operating voltagels

of EGAT'’s transmission lines ai®00, 230, 132 and 115

kV at operating frequency of 50 Hz and the numbfer o

EGAT's substations are 209 substations. The ebitgtri

is transmitted from power plants, transmission dine
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Fig. 4. Electrical energy consumption in 2008 clad&d by
PEA and MEA.
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Fig. 5. Electricity load forecasting from 2008-2021

Actually, there are several factors that affectiieity
demand. The key factors are electricity price, nemtf
electricity appliances, income per capita, climztiange,
and consumer load pattern which differ by regiond a

consumer groups. The load forecast methodology must
correctly measure the effects of the key factors oniii.

electricity demand. In Thailand Power DevelopmdahP

planners must concern the optimum point betweead tot
investment cost and reliability target.

1.3 Power system reliability

Ideally, the power system's reliability from the
viewpoint of consumers means the uninterrupted Igupp
of power from the generation systems, transmission
systems or distribution systems. In contrast witle t
utility viewpoint, the meaning of reliability is énded
from the customer’s meaning with the acceptabldityua
Therefore, the general definition of power system
reliability is the ability of power supply to perfa the
function of it's designed for under the operating
conditions with acceptable quality. In practicdle tkey
indicators of power system reliability for consumare

the frequency and duration of outages at their tpofn
utilization (i.e., their load point) [4]. The inditors
normally used 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 qugli
standard targets of PEA in the year of 2008 ar&2L1.
times/customer/year and 508 minutes/customer/yaar f
SAIFI index and SAIDI index, respectively [6]. Wail
the actual performance of distribution system ctdd
from the 2002-2007 is illustrated in term of SAl&hd
SAIDI statistics as shown in Fig. 6 to Fig. 9. The
summarized information has been discussed as
following:

i. The SAIFI of MEA especially from 2005 to 2007 are
decreased continuously in all customer groups with

the rate of 67.37%, 32.75% and 35.21% for
industrial, commercial and residential customers,
respectively.

ii. The SAIDI of MEA especially from 2005 to 2007 are
also decreased with the rate of 64.55%, 31.16% and
35.17% for industrial, commercial and residential
customers, respectively [7].

The SAIFI of PEA especially from 2002 to 2007 are
decreased with the rate of 22.31%, 34.56%, 10.86%,

2007-2021 (PDP 2007 Rev.2), three main assumptions
are used for load forecast. The annual average GDP
growth rates are 5.0% and 5.6% during 2007-2011 and

2012-2026, respectively. The growth rate of global;,

economic is 3.5%-4.7% and Dubai Oil Price is 5588
Dollars per Barrel. As shown in Fig. 5, the resoft
electricity load forecast in cases of base, low aigh
rates of Thailand economic growth during 2007-2021
shows that the expected electricity demand and the
energy growth rate are 5.78% and 5.69%, respegtivel V-
Although the installed capacity is enough to resdpial
customer demand at the time, the utility plannerseh
important tasks to continued study about the réiiglof
electrical power system in their responsible arfas
improving system performances and reaching
customers’s satisfaction. Consequently, the rditglof
power systems depend on both internal and external
factors. The improvement of power systems for high
reliability level takes a vast investment cost and
increases electricity unit prices. Hence, the ttili

26.53% and 24.35% for industrial, commercial, town
municipal, district municipal and rural customers,
respectively.

The SAIDI of PEA especially from 2002 to 2007 are
decreased with the rate of 47.08%, 42.76%, 29.08%,
42.62% and 39.48% for industrial, commercial, town
municipal, district municipal and rural customers,
respectively.

The CAIDI of MEA's industrial customer in 2007 is
equal to 13.81 minutes/event/customer, but in
business and residential group are equal to 2hd9 a
23.67 minutes/event/customer, respectively. Corres-
pondingly, the CAIDI of PEA’s industrial group in
2007 is equal to 21.29 minutes/event/customer, in
business and rural areas are equal to 35.86 aB@8 46.
minutes/event/ customer, respectively.
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Fig. 6. SAIFI of MEA from 2002-2007.
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Fig. 7. SAIDI of MEA from 2002-2007.
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Fig. 8. SAIFI of PEA from 2002-2007.
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Fig. 9. SAIDI of PEA from 2002-2007.
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Fig. 10. Optimal reliability invesment concept by
considering utility and customer cost with the

implementation projects of PEA during 2002-2009.

The actual performance indicators above are impbrta
information in power system planning and expansion
especially in distribution systems. When the power
outage indicated by reliability indices is happentbere
are several losses from utilities and customer view
points. The utility lost the revenue from deliverin
electrical energy to the customers. The industrial
customers lost the oppotunity in finished produnt a
equipment might be damaged from power outage. The
commercial customers lost in electronic data and
equipment jamming. The residential customers have a
significant and direct effect on the lives of ptea
citizens. Although the trend of distribution reliitly is
continuely improved over the periotthe constraints of
utilities in Thailand especially PEA's area is the
reliability management in a wide area with an dctua
limited budget to achieve sufficient customer’'s
satisfication.

The total numbers of PEA’s electric-circuit are 736
283,028, and 450,425 km-circuit for transmission,
distribution and low voltage distribution, respeety.
Therefore, the investment cost of distribution egstis
very high and customers’ requirement for more
reliability and stability is impossible. Fig. 1Qdustrates
the PEA’s investment of 73,115 million Baht for 9
projects during 2002-2009 to expand and improve
reliability and efficiency of distribution networkshe
vast investments are considered the optimal rditabi
point between the utility cost and customer costsiiite
the project investments contribute benefits into
customers and society, the customer cost is also an
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important data that is necessary to judge in planni
process. Thus, the major challenges of utilities &r
increase the market value of services with the trigh
amount of reliability and to decrease the cost of

operation, maintenance and construction to provide

customers electricity at the reasonable prices [8].
Therefore, the optimum investment of distribution
reliability improvement must integrate both the tco$
customers together with utility viewpoints [9-10The
investment portfolios, least-cost planning framewor
business customers costs of outages should be me@mi
in various engineering options. This informatiom dxe
meaningfully applied to a wide range of areas idicig
transmission line design, substation and distriyuti
circuit design, equipment rating and maintenance
schedules [10].

1.4 Cost of energy not supplied

During power outage, there are the cost of eney n
supplied both utility and customer. The cost ofrgpe
not supplied which normally is estimated from eaoiw
cost and social cost. The economic cost can bmasd
with the various customer activities while sociaktcan
be evaluated by using figures from government agsnc
Although power distribution systems have receivess|

attention in study than generation and transmission

systems, the analysis of the customer failure stiedi
shows that distribution systems contribute as mash
90% towards the energy not supplied to the custenier
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Fig. 11. Loss of load statistics in year 2007-2008.
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Fig. 12. The cost of energy not supplied in 2007-280

million Baht

addition, utiliies are encountering the increasing ., m2007  B2008
uncertainties in economical, political, social and ;g
environmental constraints [11]. These results are g
required for more extensive justification of newsteyn 200
facilities and increased emphasis on optimizing the soo
operational cost and reliability of the distributisystem. 400 I
The study of outage cost is so valuable informattoat 200 1
o - |

needed to be continuity updated in the planningogder

such as every 3-5 years. There have been extensivi

studies in reference [12-14]. In 2007-2008, thergyne
not supplied of PEA’s residential customers is ks
higher than industrial customers as shown in Fig.The
reason of difference is that the residential grbas a
large of customers approximately 90.1% of total BREA

Cutage cost of Utility loss of Outage cost of Utility loss of
industrial  revenue from residential  revenue from
sector industrial sector residential
sactor sactor

Fig. 13. Outage cost in customer and utility’s viepoints

As the previous outage cost study of Thailand iGQR0

customers. However, it was significant decreased by15), the loss of customer’s viewpoint was approadety
8.35% from 2007-2008 as same as the distributiongg 348 Baht/kwh. The latest updated outage cost afat

reliability indices. In contrast, the utility lossein

PEA (in 2007 and 2008) as shown in Fig.13 is used f

industrial area are increased by 9.84 % from 2G07 t rg|iapility target setting. When the value of cusés’s
2008 as shown in Fig. 12. The reason is that thed to \jewpoint is compared to the value of utility’s wigoint,
energy consumption in industrial customer is camirs  the customer's outage cost is 20 times higher than
increased. In addition, productive performance &8  jlity’s outage cost. There are several studiéated to
improved. However, the damage cost of equipmentgytage cost evaluation. For example, the outage afos
failure and maintenance cost from electric restomnaare Chilean industries studied by Pablo S. and Galsriéh

not included in the cost of utility losses. For the 1989 was $7.7 per kWh [16]. After that, Ashok S.
industrial customers that consumed a large of §nerg determined customer outage cost in the northeriomeg
more than other customers groups, the outage 8Bt i of |ndia to study the reliability of generation-oesce
key issue in the cost-effective management of etect plan in 1990. The study found that customer outzus
utilities. These costs may take in the form of Isales, s 230 Rupees (Rs.) per kWh [17]. Priyantha D.@ a
poor relationships with customers because of delive \j.s. jayalath estimated the economic impacts ofggne
issues, loss of finished product or intermediateuts,  not supplied for planned outage and unplanned estag
lost wages or additional overtime payment and d@mag of Sri Lanka and Bangladesh in 2001-2003 are $0.66,
of sensitive equipment. $1.08, $0.34 and $0.83 per kWh, respectively [1B-19
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Furthermore, Thomas H. F. studied the outage cost 2 Medium and large scal
caused by snakes on the Island of Guam, which are | Define research areg industries in service arel
around $3,000,000 in the lost of productivity frd®i78- [ and ObJeCt'VeS ) ’ of PEA }
1997 with more than 1,600 times [20]. However, the
outage cost can vary all the time, depending onyman

factors such as high production cost, change of [

technology. In this paper, the outage cost of large

industrial customers of the PEA’s areas is evatuate

terms of Baht/event, Baht’kWh and Baht/kWp. The [

rational difference between planned and unplanned

outage cost is expected in the field of distribtgystem

planning and equipment target setting issues. tlitiad, [ Data verification

1\ ( .
Questlonna|re Test and revise
dl - .
development < questionnaire
J

\4

Vs
.

(" Direct survey, Post, )

Data collection ]4—> E-mail and Phone
| questionnaire

J

‘( Outage cost and relatdd
factors

.

the outage impact factors are also determinedderaio
investigate each industrial characteristic and tiadys
current performance of distribution system relidypiln
the customers’ viewpoints.

] )

'd )

Data analys|s and Impact of related factors
to the outage cost

\\ J

mterpretauon

2. METHODOLOGIES Research conclusio Practical
. . and recommendatio Implications
The outage cost is typically based on survey methbd J

survey captures information from industrial custosne

about the economic losses such as tangible costs an Fig. 14. Outage cost study flowchart.
opportunity costs. Tangible costs include defected

product, employee’s overtime, machine and equipment

damage. The opportunities costs include lost pribiciuc 3. STUDY RESULTS

and lost sales. In order to evaluate the outagg tuos
reliability of proposed methodology can be geneeali
into six steps as shown in Fig. 14. The outage obst
medium and large scale industries is defined as th
research objective. The sampled industries are th
designated factories according to the Energy
Conservation and Promotion Act B.E. 2535(1992) from ;
3,489 registered industries in Thailand. The outeqmst
guestionnaire is developed and distributed to aeser
factories for collecting the outage cost data. Keg 3.1 Electrical cost: the overview of energy usage in the
definition of the questionnaire is concerned ory t 825 designated industies is represented in terrth®f
electrical power quality problems that definedeémt of average electrical cost and energy consumption gtet
“sustained interruption” according to IEEE standard 4.34 million Baht/month, 1,336,263 kWh/month,
1366-2003 (interrupted more than one minute). Therespectively. The maximum of average electricalrgyne
process characteristic of each industrial type,sike of  cost found in basic metallic industrial group by
industry in term of energy consumption, the outage 11,477,278 Baht/month while the pulp, paper andepap
duration, the process recovery time, the emergencyproducts industrial group has the minimum of averag
action plans in industries for outage managemedttla®  electrical cost by 1,723,984 Baht/month.

capacity of emergency power supply are researc
assumptions which used to verify the reliability of
surveyed data. In data analysis, the general irdtom
such as electrical cost, customer outage statisiiisig

of electrical equipment and machines, the availaifle
backup power system is presented. In addition, the
outage cost impact factors including the employee’s
overtime, the defected product, the machine and
equipment damage, the cost of process recovery, th
opportunity loss during low electricity rates, theduct
delayed delivery, the profit loss and other facemesalso 3.3 Power outage experiences. the main findings of
analyzed. The unplanned outage cost and plan outageutage frequency and duration for 825 industries ar
cost in term of Baht/event, Baht/kVénd Baht/kWh are  37% of respondents evaluated that the outage doréi

In this study, the 825 feedback respondents from 9
industrial groups are received, approximately 2%o58
éotal distributed questionnaires. From the sampling
éheory by Taro Yamane, the data analysis errohe$e
respondents is less than 4% with the confidengia|l of
95%. The number of respondents in 9 industrialgso

is shown in Fig. 15. The summarized information is
described in the following subsections.

hS.Z Aging of electrical machines and equipment: above
50% of respondents indicate that electrical machared
equipment have been operated for more than 10 years
with average preventive maintenance of 1.7 timelyea
Some respondents concerned about over life cycle of
Celectrical equipment and consequence of major damag
from the power outage. In addition, most of resmotsl

had an inefficient corrective maintenance espsciall
%pare part management.

calculated and analyzed for each industrial typealfy, 30-60 minutes/event; haft of respondents obserted t
the recommendations for utility and industrial secire  the outage frequency is less than 6 times/yearrgdgee
also presented in the conclusion of research. 4.92 timesl/year), and the average of process regove

time is 46.6 minutes/event. In addition, 36% of
respondents indicated that most of outage occurred
during 15.00-18.00.
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Fig. 15. Percentage of respondents classified by TSI

34 Emergency power supply: there are several
processes that require emergency power supply se ca
of the outage to supply necessary system. Forriosta
the computer files need to be saved, lifting systemds

to operate for safety reason, sensitive equipmestt 8s
electronic boards require a power to regulate fanst
during outage. The results of this study show that
emergency power supply is available for 529 desegha
industries (64%) and the average of installed capé&
14.4% of total demand as shown in Table 1.

Table 1. Emergency power system of 825 industries

Emergency Power System Available
I 0,
TSIC . (Responden,\tls(;)t g?geeurzrlgr(] gc;
Available 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 7 44 11.4
39 190 107 12.8
total 529 296 14.4

TSIC 31, 32, 33, 34, 35, 36, 37, 38 and 39 represent for the industries
of food, beverage & tobacco, Textiles and leathredpcts, Wood and
wood products, Chemical and rubber, Non metallimeral, Basic
material, Fabricated metals, Other manufacturing, respectivel

3.5 Impact factors of outage cost: in order to
investigate the impacts of industries during thevero
outage; eight factors are selected from reliabikisearch
literatures [21-24] and used as concerned parameter
The outage impact factors of 9 industrial groups ar

shown in Table2. The important issues are discussed as _
3.6 The outage cost evaluation

following:

The employee overtime; this factor impacts the
industries that operated less than 24 hours/dagreTh
are no responsible persons to perform the machines
and equipement reset during the outage as the
industry’s outage management procedures. The
average employee’s overtime cost is 16.9% of outage
cost.

The defected product; when the outage happened,
some intermediate and finished product were

damaged and were not able to re-produce. In the
customer’s response found that the average cost of
defected product is 18.96 % of the outage cost
especially in food, beverage and tobacco that i6931

of the outage cost.

The machines and equipment damage; there are
several types of failure such as malfunction, life
ending, interruption and catastrophe. The sensitive
equipment can be damaged or malfunctioned during
power outage while the emergency power supply was
not available in plant. The computer can be damaged
and important files are lost while supply voltagem
below minimum neccessary operation and
uninterrupted power supply is not connected. Trst co
of computer maybe take account into a part of autag
cost. The overview of survey shows that the average
cost of machine and equipment damage is 12.1% of
outage cost. The basic metallic industries inditate
that the machines and equipement damage is the most
impact factor with 15.5% of the outage cost.

The cost of process recovery; some processes in a
plant cannot immediately recover after outage which
is necessary to reset all processes to initial itiond

and in some cases; the recovery time is more tdan 2
hours. This factor is not significant with diffeten
industrial groups, that the average is 15.3% o&geit
cost.

The opportunity loss during low electricity ratdsost
industries prefer to operate processes during edkp
period of TOU (time of use) tariff (22.00-9.00 in
week day and weekend because the energy rate is
only one-third of on-peak period of TOU tariff. The
opportunity loss might be the considerible cost for
such industry. The surveyed results show that time n
metallic industrial group comprised with cement,
glass and ceramic industrial customers are the most
effect with average 12.1% of outage cost.

The product delayed delivery; some products had
reserved ordering. When the delivery was delayed as
order commitment, supplier might be charged by
client. The surveyed results show that 9 industrial
groups have no different impact with average 10.7%
of outage cost.

The profit losses; the damage in case of electrical
outage makes processes stop, lead to production los
and cause lost in profits. The average of this tha
14.8% of outage cost while the most impact found in
other industrial group with 17.5% of outage cost.

The results of outage cost by 825 designated indust
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data show that the average unplanned outage cost isase of unplanned outage, the non-metallic mineral
651,383 Baht/event while the average planned outageomprising with cement and glass industries hawe th
cost is 140,444 Baht/event. The outage cost in eacthighest average outage cost with 1,396,680 Bahiteve
industrial group is shown in Table 3. In the stuthere  while the lowest average outage cost is found imdvo
are three major industries which are impacted fromand wood products with 216,042 Baht/event. In aafse
outage; the unplanned outage cost per event of nonplanned outage, the highest average outage ca@dsas
metallic mineral, chemical and rubber and basicenmlt  found in non-metallic mineral industries with 35218
industries are higher than average unplanned owagfe = Baht/event but the lowest average outage cost fanind
by 2.14, 1.80 and 1.70 times, respectively. Moreote textile and leather products industries with 45,938
outage cost in term of peak demand (Baht/k\and Baht/event. In addition, the major outage impactdais
energy not supplied (Baht/kwWh) can be calculated bythe defected product which is 18.9% of outage cbisé
using the data of electrical energy consumptiorrking other impact factors are 16.9%, 15.3%, 14.8%, 12.1%
days, working hours, outage duration and outagel0.7%, 10.7%, and 0.2% of outage cost for emplayee’
frequency. The average unplanned outage cost of 82%Bvertime, the process recovery, profit losses, nash
industries in term of peak demand and energy notand equipment damage cost, opportunity lost of low
supplied are 68.47 Baht/kWand 308.41 Baht/kWh electricity rates, product delayed delivery and eoth
while the average planned outage cost are 16.23espectively. The results of outage cost study ban
Baht/kW, and 74.94 Baht/kWh, respectively. The lowest concluded that overall economic losses due to umgla
outage cost in term of peak demand is found innthre- and planned outage impact to industrial customars i
metallic mineral industries which the unplannedaget Thailand both direct and indirect cost.
cost and the planned outage cost are 39.00 Bapt#ki/ Although PEA has continually improved reliability
10.31 Baht/kWy, respectively. The lowest outage cost in performance of distribution system, the outage st
term of energy not supplied for unplanned outage isindustrial sector is significantly higher than pos
found in basic material with 221.03 Baht/kWh and fo study. In addition, the wide service area with tedi
planned outage is found in other manufacturingbudget of PEA is the main constraints for relidpili
industries with 43.21 Baht/kWh. The outage cosemmn improvement. For this reason, the large gap between
of Baht/kW, Baht/kVy and Baht/kWh for unplanned unplanned outage cost and planned outage costeis th
outage and planned outage are also summarizedbie Ta challenge issue for PEA and industrial customeise T
4 and Table 5, respectively. Finally, the plannethge  optimal cooperated management between PEA and
cost and unplanned outage cost per event of 9 tinalus industrial customers can be substantially decredised
groups are shown in Fig. 16. economic losses from power outage. From customer
point of view, the industrial sector should studypren
details for critical processes that are sensitivepdwer
Baht/event outage and provide the sufficient backup poweresgst
[ 490,090 Furthermore, the effectiveness of outage management
with outage statistic record and outage cost assHs
should be integrated into the quality management
standard system such as ISO 9001 for negotiation
benefits with utility. Moreover, the power quality
monitoring system should be available in plant for
providing adequate information to troubleshoot the
power quality problem. From the utility point ofewv,
, the reliability investment should be focused thejgut
1, ok, prioritization to balance the cost and benefitsween
g ""J%(:""’fz-r_, utility and customer. However, the outage cost of
residential and commercial sector is required thér
Fig. 16. The planned and unplanned outage cost of 9 study and use in practical planning process.
industrial groups. In competitive market of power system, the outaggt ¢
is the important parameter that is necessary forsibm
4. CONCLUSION AND DISCUSSION making process of power system planning and operati
The proposed outage cost methodology describeliisn t
article is not restricted only industrial sectorTihailand.
It can be applied the concept for the GMS’s coestitd
determine the optimal investment strategy under the
conditions of power system in the region, the gervi
area of utility and the characteristic of electyici
customer.

B Unplanned outege BPlanned outage

1,200,000

1.000,000

400,000

600,000

Ann,nnn

200,000

According to the current situation of electricakggy in
Thailand, the reserve margin of total installedasaty is
about 24.5 % of peak demand, which indicates the
adequate energy supply security. In addition, ihealf
point of sustainable policy for utility is the ingarement
on power system reliability, stability and security this
study, the assessment method is proposed to datermi
the performance of distribution system in term of
customer outage cost. The 825 designated industries
PEA service area have been evaluated the costthf bo
planned and unplanned outage. The results shovittbat
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Table 2. The percentage of impact factors to the ouge cost (classified by TSIC)

Outage cost impact factors
Machine and| Cost of | Opportunity | Product '
Empl ; X
TSIC mpt(_)yee D?:)%T}gtd equipment | process| loss during low| delayed II(D)rsosfgS Other

overtime| P damage |recovery| electricity rateg delivery
Food, beverage « 18.2 21.€ 11.2 16.2 11.¢ 8.4 1224 | 0.2
Textiles and leather | g ¢ 18.2 9.9 14.8 9.9 11.8 150 05
products
Wood and wood 14.7 21.3 1255 15.4 12.1 85 1500 08
products
Pulp, paper & paper 18.4 18.1 13.1 16.4 9.4 11.00 137 00
products
Chemical and rubber 16.6 19.0 134 142 115 10.814.4 | 0.3
Non metallic mineral 16.1 19.7 104 14.4 121 1147155 | 0.2
Basic material 15.5 18.6 15.5 16.4 11.1 102 18.4.0 0
Fabricated metals 171 17.7 12.4 145 10.4 11.8 0 16.0.2
Other manufacturing 17.3 16.9 11.1 15.6 9.1 12|13 517 0.3
Average 16.9 18.9 12.1 15.3 10.7 10.7 14.4 0.2

Table 3. The planned and unplanned outage cost of 8&%&ustrial customers in unit of Baht/event

Average

electrical Outage cost (Baht/event)

cost % of deviation

TSIC (Baht
month) Unplanned outage Planned outage
min avg max min avg max min avgd m3

Food,
beverage &
tobacco 2,287,878| 138,912 292,520 530,160, 37,040 70,000 119,0003.34| 76.07| 77.5%
Textiles and
leather
products 2,872,665| 238,14{1 452,930 763,047 28,313 45,938 68,281 8811 89.86.059
Wood and
wood
products 5,006,555| 126,750 216,042 330,417| 102,08204,375| 278,333 19.46| 5.40| 15.7¢
Pulp, paper &
paper
products 1,723,984 147,000 314,167 574,667 29,067 48,333 74,333 80.23 84.62068
Chemical and
rubber 1,821,266/ 752,6771,173,828| 1,639,792 62,135 137,839259,583| 91.74| 88.25| 84.17
Non metallic
mineral 7,660,796 806,328.,396,680| 2,174,531 165,78352,891| 644,844| 79.44 | 74.73| 70.35
Basic materia|11,477,278663,281 1,110,078| 1,672,500 99,719 217,73404,688| 84.97 | 80.39| 75.80
Fabricated
metals 1,998,792 220,008419,979 709,874 50,134 85,672 132,1867.21| 79.60| 81.38
Other
manufacturing 4,236,486| 279,292 486,220 760,533 50,904 101,1p076,959| 81.77| 79.19| 76.73
Average 4,342,856 374,710651,383 | 1,017,280 69,464 140,44239,801| 75.14| 73.12| 73.31
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Table 4. The unplanned outage cost of 825 industrigustomers in the Baht/kW, Baht/kWp, Baht/kWh

Unplanned Outage Cost
Tsie Baht/kW Baht/kW Baht/kWh
Food, beverage & tobac 83.7¢ 58.62 244.2;
Textiles and leather produ 101.3¢ 70.97 387.3¢
Wood and wood produc 99.2¢ 69.5( 343.3¢
Pulp, paper & papeproduct: 131.5: 92.0¢ 352.7.
Chemical and rubb 112.1 78.5( 328.6¢
Non- metallic minere 55.71] 39.0( 276.0¢
Basic materit 75.9: 53.1¢ 221.0¢
Fabricated mets 120.6¢ 84.4¢ 365.9:
Other manufacturing 100.00 70.00 256.25
Average 97.81 68.47 308.41

Table 5. The planned outage cost of 825 industrial stomers in the Baht/kW, Baht/kWp, Baht/kWh

Planned Outage Cost
Tsie Baht/kW Baht/kW Baht/kWh

Food, beverage & tobac 30.8¢ 21.5¢ 89.1:2
Textiles and leather produ 21.5: 15.07 87.8i
Wood ancwood product 26.9( 18.8: 96.8(
Pulp, paper & paper produ 33.7¢ 23.6:2 82.3¢
Chemical and rubb 23.9¢ 16.7¢ 63.22
Nor- metallic minere 14.7¢ 10.31 72.4¢
Basic materic 15.6¢ 10.9¢ 45.4(
Fabricated meta 24.07 16.8¢ 94.0(
Other manufacturir 1721 12.0¢ 43.2]

Average 23.1¢ 16.2: 74.9¢
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