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Abstract— This paper describes the development customer interruption cost model of industrial sector in Thailand by
using adaptive neuro fuzzy inference system (ANFIS). In this study, the surveyed data set from food, beverage and
tobacco industriesis collected to demonstrate the concept of model development. To perform validating of the proposed
model, the mean absolute percentage error is used as the predictive indicator. The study results show that the factor of
industrial scale has a great significant impact to the interruption cost. For instance, the interruption cost at
interruption duration of 60 minutes for small and large scale of food, beverage and tobacco industry can vary from
26,128.27 to 1,030,809.67 Baht per event. In addition, the interruption cost from ANFIS model compared with the
interruption cost from customer survey is in an acceptable range. Under resources, time and financial support
congtraints, the electric utility planners can be applied the proposed model without performing customer survey.
However, in order to apply in practical reliability investment planning, the evaluation interruption cost from ANFIS
model can be improved the error to a lower range by increasing the training data set. In further study, the interruption
cost model of other industrial groups according to Thailand Standard Industrial Classification (TSIC) will be presented
in Part I1: Evaluation interruption cost of high energy consumption industry.

Keywords— Interruption cost, Adaptive neuro-fuzzy inferencesystem, Industrial customer.

electricity are introduced in the initial phaseetdéctricity
1. INTRODUCTION reform. Furthermore, the Very Small Power Producer
(VSPP) program which limits generation capacityl6f

Under sitga_ltion of glob_al and_ national econ_omicvgh) MW has been launched in 2001. At the present, attho
the electricity demand in Thailand, a key drivectda of EGAT is still the major player for power generation

coun(tjry developmr?nt, was rap:d %rowmg over a decad ity the programs of electricity market compietn
In order to meztt e customer |oa reqwrementpq&;td (from private sectors lead the country to have an
generation and transmission systems are required 10, ement mechanism from tradition electricity

improvement and expansion the existing system it t 5 ihority. Sufficient reserve margin from severaiver
distribution system is also considered to deliver oo ,cers and well management in transmission msyste
electricity to their customer with high level ofstamer .\ hat the electric power shortage problemaigely
service and satisfaction. However, the practicahping occurring in Thailand.

to construct new infrastructures in electrical powe Considering the distribution power systems, theee a

system s associated a Iarge fmancu’_;\l supports. g electric utilities under natural monopoly sture
addition, the tasks of expansion transmission liard response for delivering electricity to end-userke t

improvement distribution systems are under complexi Metropolitan Electricity Authority (MEA) supply
and several constraints. Therefore, reform the Thaielectricity to 2,918,127 consumers in Bangkok and
Electricity Supply Industry (ESI) is one of the oms 10,15 nding areas; and the Provincial Electricity
enhance planning objectives which the government ca Authority (PEA) responsible for electricity sale to
reduce investment burden of financing expensive iny5 060631 customers which accounting 99.9% of
electricity infrastructure and hence enhance inngsn co(Jntr);’s area. In the engineering point of viewe t
other priority programs such as health, educatiod a ;qngyraints of large service area and number of
other social activities. The reform of ESI has been . siomers affect to the process of practical plagni
undergoing since the early 1990s especially in gtiog process especially for PEA. To serve adequacy
system. The private sector has opportunities topElen g jectricity demand with improvement a quality of
in electricity market. In 1992, Independent Power ¢qpice many concerned issues in Fig. 1 including
Producer (IPP) and Small Power Producer (SPP)yyqijapility, reliability and quality of power argets of
programs with the aim to meet the growing demand o cjienging optimization problems for utility plaes

[1]. The diversity of needs for power supply relidp
and quality in the market tends to increase as agethe
P. Teansri (corresponding author) and N. Uthatigowith Electrical  economic growth. Customer satisfaction is also redee
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electricity market, industrial customers especiaity
industrial estates have a chance of electricityises
from public utilities and private suppliers. Theage and
service responsiveness are also attractive fadirs

interruption.  Although trends of the customer
interruption cost are similar in virtually all casethe
costs can vary over a wide range and depend on many
factors such as location, type and size of customer

customers to make a decision of service from whichUnder various activities in differrent customertsecthe

electric utility. Therefore, these subjects areewft
important part of utility business.

To justify with the effectiveness investment ingar
area on distribution system, the classificationviser
area according to load patterns is one of the jmann
criteria for PEA. In general, the service area ¢mn
classified into five areas: industrial areas ineldd
industrial estates, industrial promotion zone, Btdal
park and etc., business area, town municipal aisaict
municipal area and rural area.

In each area, the reliability level, supply seguand
system stability are integrated in planning procgkih
depends on impact levels during interruption to @ow
systems and their customers. The benefits of impgov
system reliability and the cost of applying the iyt

solution to enhance the system performance must be

complied in the planning criteria. For instances thost
common reliability indices consisting of System Aage
Interruption Frequency Index (SAIFI) and System
Average Interruption Duration Index (SAIDI),
restoration time performance for industrial andibess

area are designed to be better than town municipal, )

district municipal and rural areas, respectively.

Customer Satisfaction

Power Quality
Reliability

Price )
Responsivene

Availability

. armonic distortion
Public Image

Fig. 1. Issues of customer satisfaction in power stem.

The value based reliability planning (VBRP) is arfe
the accepted approach from electric service proside
many countries. This tool attempts to establislalance
between the costs of improving service reliabiliby
various types of customers with the benefits ouedhat
these improvements bring to these customers. Rtgrbe
outstanding in the concept of VBRP, Fig. 2 shows th
relationship between expected reliability level hwit
respect to the costs of utility and customer perspe
The curve can be explained that the utility costl wi
generally increase as customers are provided gieh
reliability. On the other hand, the customer costs
associated with supply interruption will decreasettze
reliability increases. The utility investment cosits
distribution system which well known from historica
data can be directly refered in term of capitaltcos
installation cost, operating cost and maintain lifaes
cost while the customer reliability cost is indifgc
estimated from customer damage incurred during powe
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interruption cost for each customer is also a caist
problem that utility necessary to appropriate manag
during power system planning. Therefore, the issfie
optimum system reliability improvement is a difficu
and challenge tasks for utility. With the least tcos
planning strategy, determining optimal investment i
different areas should consider the marginal custom
cost of reliability equal to the marginal utilitgliability
cost. In this point, the societal cost will be mized
while the relaibility performance target of electtitility
will also be achieved. The examples of some ardesev
customer interruption costs can be usefully apptied
economic evaluation in electric transmission and
distribution planning include:

Transmission line expansion,

Substation and distribution circuit design and
rearrangement,

Equipment rating design,
Scheduling maintenance activities and
Protection devices allocation.

The interruption cost normally is provided by direc
customer survey and evaluated by average or
approximation method [2]. However, there are some
practical limitations. The interruption costs caary on
time; hence it needs to conduct new survey in every
period that depends on utility planning procesac&ia
large number of customers and widely service afea o
PEA, it is very difficult to conduct the customer
interview although the number of customer survey is
calculated with statistical sampling method. The
accuracy of interruption cost assessment also dispem
time and available resources. Some utilites have a
condition of resources limitation and the assessriren
the service area may cover in specific networkadde
several literatures have been developed the atteena
analytical techniques and interruption cost models
evaluate interruption cost for a wide service aidain
contributions of interruption cost evaluation with
analytic techniques are reducing time, budget andamn
resources while the available data from customeresu
and utility database is also utilized. Further, the
development customer interruption cost models allow
electric utility planners to estimate economic imipa
from power supply interruption in the view point of
microeconomics and macroeconomics scale. Some
techniques to apply in the interruption cost maougli
from selected countries are reviewed in Table 1.
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Table 1. Literatures for interruption cost model by veral techniques

Methodology Country Summarized of details

The Canada [2] Applied the available data (customeradébad data and interruption cost

approximate function) from most utilities to develop series tbfee alternative approximate

methods methods and compare the accuracy with the basdtbthétr a widespread area.

Analytical Koreal3] Presented the outage cost evaluation of geioerand transmission system by

method combining the marginal outage cofsinction and Composite Power System
Effective Load Duration Curve (CMELDC). The resultsproposed method are
demonstrated in IEEE Reliability Test System (RTS).

Fuzzy model Thailand [4] To cope the large dewratf the data which obtained from customer surtiesy,
concept of fuzzy arithmetic was applied to mod@ Euzzy Interrupted Energy
Assessment Rate (FIEAR). The proposed method has hested with a
distribution system of which more than 40,000 &citeierruptions were recorded.
The results show that the FIEAR normally coversIEB&R.

A probability University of Transformed the entire outage cost data set fraweged specific interruption

distribution Saskatchewan duration to a normal probability distribution fuiwet that can be used cooperate

approach Canada [5] with practical power system reliability worth asseent.

Fuzzy linear Taiwan [6] Described distribution and dispersedawidrs of interruption costs by applying

regression regression analysis to predict distribution pattefior intermediate durations and

model using fuzzy to deal with uncertainty of actual disitions samples.

Multiple BC Hydro’s Used the impact of key drivers on the outage cosluding outage duration,

regression service territory, season of the year and time of day to develop pieltiegression analysis of

analysis Canada [7-8] small business, medium business and residentigioroess. The regression
coefficient value, the R-squared values adjusteddegrees of freedom, the
statistics and the probability of F-distributios@lpresented in the article.

Multiple USA[9] Surveyed the data from large commercial and inglstustomers and identified

regression regression models that allow reasonably accuradigiion of outage costs for

analysis customers who were not surveyed on-site from infdion that was readily
available from utility customer representativese Tost of obtaining outage cost
estimated the customer basis was less than 20mest¢he cost that would be
required to survey all customers on-site.

Linear Finland [10] Formulated outage cost models whiclpaot from unplanned outage, planned

regression outage, delayed and auto reclosing. The linearessipn was applied to remove
the discreteness of the questionnaires that weee ts gather the data. The
outage cost is a part of reliability calculation igéh proposes for regulation
process when the Finnish electricity market isyfolben.

Tobit regression USA [11] Applied the Tobit regiiess model to estimate the relative effects of vasio

independent variables rather than normal orthogle@et square regression. The
truncation of 0.05% of the highest values in theriruption cost distribution and
the transformation of the interruption cost vargald a lognormal distribution
were used. In this study, the Tobit regression wapplied for commercial,
industrial and residential customer. The indepenhdeariables in the study
include customer and interruption characteristics.

Activity-based
with Monte-

Carlo technique

Sweden [12]

Applied the survey data in 2003-200Bamlel the interruption cost of residential
customers. The independent factors to model amruption duration, activity
patterns, outdoor temperature and daylight to desche impact of different
power interruptions. In this study, the worst cafecustomer interruption cost
retrieved from survey was set to be the referenst. @ his paper concludes that
utility can analyze sensitivity factors that impact residential customers without
survey the cost in all cases of interruptions.

RBF Neural
Network

Taiwan [13]

Proposed two interruption cost modelsiuding aggregated model (AAM) and
probabilistic distribution model (PDM) by using thadial basis function (RBF)
neural network with orthogonal least square leaynmethod. A 11.4 kV

distribution network with 5 feeders of the Taipoweas used for tests. A Monte-
Carlo time sequential simulation technique has dis®n to evaluate the
interruption cost of individual load point, the ®m and the probability
distribution of the cost indices. The results shbat AAM could underestimate
the reliability worth and PDM provides a more retidi approach.
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of direct assessment method is that some aspeatisasu
Cost | < > restart time in processes or businesses are diffiou
Justifiable investment Unjustifiable investment include in the estimation. Within this approachyesal
Optimal investment with choices are possible. First, the lost productioreath
/ least cost plannin sector during an interruption can be estimatedctire
i - and this can be aggregated to a macro-economyn8gco
Utility cost linkages between sectors can be included by
manipulating input—output tables [15]. Captive
generation method or market behavior method oreatli
assessment method (revealed preferences) estimates
interruption cost based on the expenditure in backu
sources. Both the expenditures on backup faciliied
the use of interruptible contracts can provide rimfation
on how commercial, industrial and household sectors
value interruptions of the power supply. For exampl
expenditures on backup facilities show how much
customers in each sector are willing to pay forighér
level of supply security than is currently providegthe
network [16]. In this method, the scenarios of
interruption durations per year are assumed fawatig
customers and some information is directly obtainedCUStomers to es'ulmate the costs that they. preferago
[17]. However, this method may not effectivenessdo

from utility database. The benefits of interruptioast : L
. country that the performance of electric networksni
assessment using the customer damage model arg

o . . high reliability level. For instance, a distributicarea
minimizing internal resources, cost saving and tese L : L S
X . : LT . which is categorized in high reliability has an age
consumption for interruption cost estimation in the about 30 minutes of supbly interruptions a vedraeku
future. In this paper, the principle of adaptiveurte PRl P y P

fuzzy inference system (ANFIS) is applied to depelo gg?g;fcgf ;I'Vrﬁgldﬂ?:x;otrz tt)r?e L(‘:Saeqtafloéo‘;tnlymvft;yoihort
customer interruption cost model at different scienaf per 'me. ' P! P

distribution system performance. The article isidid operat_|on quld be so high that 't. IS hgrdly cver
. ) . attractive for firms or households to invest in kgt
into two parts. The first part organized as follovas

: . . technology. Therefore, in the countries with few
overview of methodology of interruption cost asassst . : . -
o . . I interruptions, the expenditures on backup facgitieost
is given in Section 2. The principles of ANFIS and . .
. . likely cannot be used to estimate an upper boundhf®

conceptual of interruption cost model developmemnst a . ) N

. . . . cost of interruptions. The two methods for estimgti
addressed in Section 3. Simulation results of eneto

interruption cost model provided from ANFIS mode a customer interruption cost both direct assessmetiaoa

presented in Section 4. Section 5 concludes theand captive generation method imply that most @f th

development concept of interruption cost by ANFIS. analytical data is proyided from conducting thetaurer

In part I, the case study of development interniptiost survey. In the practical assessment, customer gurve
model k;ased ANFIS principle is demonstrated with th requires several resources to estimate the customer
surveyed data of food, beverage and tobacco iridastr interruption cost in differgnt interrL_thion scemm;f.i The
Then, unreliability cost from large scale indugtria Survey-based approach is sometime not flexible gor
customers represented in term of annual interroptast  distribution utility that responglble for large gee area.

is estimated in the part Il. The analysis of religbcost ~ TO study covered all service areas, conducting the
and worth is also compared with the value of grosscustomer survey requires effectiveness of questioan
domestic  production in order to investigate time, well trained surveyors, and customer databbse
macroeconomics  impact from electric  power addition, the participation from customers is diec

Total cost

Customer interruption cgst

Eeliability level

Fig. 2. Conceptual of reliability investment.

Several approachs for estimating the interruptiost c
of each customers group are employed from inteioopt
cost models. Information relevant to the interroptcost
is required to formulate the interruption cost node
Under development concept, the interruption costlma
estimated in the future without fully direct survey all

interruption. affected to the results of survey. Some respondeants
be finished the survey within few hours while amwth

2. METHODOLOGY OF INTERRUPTION COST customer may be returned the survey questionnaitieei
ASSESSMENT next few months with some blank information. To eov

Estimation of customer interruption cost can beaiigd the .problem of conducting customer survey for large
service areas, the data used to analyze and develop

from several approaches. In general, it can be ) . . . .
: _app gene . interruption cost model in this study is obtainedni
categorized into two methods which are direct. . :
integrated method that includes direct customevesur

assessment method and captive generation methed. Tq)ased approach, the phone interview, sending the

direct assessment method or production-function : . . . .
. . : questionnaire by post mail and e-mail. For the send
approach estimates the cost of interruptions thrdogt . . . ;
questionnaire by post mail and e-mail, the document

service and production (industrial and commercial . . ) L . .
. . contained with question descriptions, the instarctnd
customers) or lost time (for households). This apph o
guideline, the example of answer and contact

uses quantitative statistical information [14]. radback
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information are also attached in the survey questoe. performing relationship between input variables and
To assessment macroeconomics impact of the indlstri output variable based on if-then rules. The foritioia
sector that is the major economic contributor, thefuzzy rules can be called as “knowledge-based
interruption cost information of customers are ectéd technique”. However, fuzzy approach may complicate
to determine the cost per event of interruptiont tha set fuzzy rules and influenced parameters wherrge la
customer experienced during a year. In designing anput-output data set is collected from customewvesy
sample, the data filled in questionnaire by indaktr Therefore, artificial neural networks (ANNs) haveen
respondents is concerned as a simply survey. Somesed as computational tools for pattern classiticatin
information is designed to appropriate intervievmaeen neural networks, the relations are not explicitiyeg,
interviewer and respondents. The questionnaire isbut are ‘coded’ in the network and its parameténs.
directly sent to the factory management level. dt i contrast to knowledge-based techniques, no explicit
expected that reliable of interruption cost andfuise knowledge is needed for the application of neural
information will be obtained. networks. For this reason, the ANFIS approach which
Although industry classified in the similar categor combines the concept of fuzzy logic and neural netw
was assumed that interruption costs in each industr js introduced to deal with the customer survey .datee
scale are not widely different. The relevant fastor basic idea of ANFIS approach in this article iptovide
expressed in term of percentage of customer ingéoni 3 method for the fuzzy modeling procedure to learn
cost are filled in the customer questionnaire thatinformation about data set, in order to automaljcal

includes: compute the membership function parameters. These
- Costs of idle and overtime of employees; parameters are tuned using a combination of lepstre
- Costs of machine and equipment damages; estimation and back propagation algorithm. Thenliear

process of parameters tuning will change in sintiaa
neural network. Their adjustment is facilitated hy
gradient vector which provides a measure of how wel
- Costs of re-start production and the fuzzy inference system is modeling the inpupau
- Cost of standby power supply operation. data for a given set of parameters. Once the gradie

These factors are also used to verify the relighiind ~ Vector is obtained, several optimization routinesld be
quality of information from customer survey respems aPplied in order to adjust the parameters until eher
The interruption characteristics including intetiap between the actual and desired outputs is minimized
frequency, interruption duration, season of intgtian This approach has the advantage over the fuzzyaphr
and time of a day are also included in the customerthat need human expert to tune the system paraigter
interviews. Furthermore, information about indwgtri adjusting the bounds of the membership functions.
characteristics, energy consumption, productio®, ni&@w 3.1 Architecture of ANFIS
material consumption and process operation hours is o ] . )
gathered. After conducting customer survey, thadat | "€ ANFIS principle gives the mapping refation beéw
of selected industry comprising industrial typeostical ~ the input and output data by using hybrid learning
energy consumption, process characteristic, inpéion method to determlne the opt|mal_ distribution of
duration and process recovery time is assignectthe membership function parameters which are gxtracted
input variables of ANFIS. In this paper, the custs from a data set according to a given error critefibs].
data from food, beverage and tobacco industries infn general, ANFIS architecture of five layers for
Thailand is used to illustrate the interruptiontcomdel ~ Constructing inference system can be describeti@srs
development by ANFIS approach. The data of other! Fig. 3. Each Iayer consists of several nodesrideed .
industrial sectors collected from customer sungeplso Py the node function. The rule base of ANFIS cordai
used to develop interruption cost models with simil fuzzy if-then rules of Sugeno type [19]. For aftfiosder

- Costs of production lost or lower productivity;
- Costs of damaged raw material and products;

concept. two-rule Sugeno fuzzy inference system, the tweagul
may be stated as from the nodes in the previowsrday
3. ADAPTIVE NEURO-FUZZY INFERENCE To illustrate the procedures of an ANFIS, for siitipy,
SYSTEM (ANFIS) it is assumed those two inputs y) and one outpuff;)

) are used in this system. The rule base of ANFISaios
The nature of data set obtained from survey approac fuzzy if-then rules of Sugeno type. For a firstardwo-

contains uncertainty and variety of pattern. Altgou e 'Sugeno fuzzy inference system, a common refe s
similarity of firms or manufacturing processes feliént with the two fuzzy if-then rules is the followingd].
customers or respondents may estimate the intérupt

cost in their perspective and past experiencess Ehi Rule 1: If xis A, andy is B, thenzis fy(x, y)=pux+ uy+ 1y,
called “human reasoning processes”. The input-dutpu Rule 2: If x is A, andy is B, thenz s f,(X, Y)=poX+ doy+ .
data set which used to develop customer interroptost
model is then assumed as non-linear relationststesy.
The uncertainty of survey data provides the fuzzy
approach to develop interruption cost model by

wherex andy are the inputs of ANFISA andB are the
fuzzy sets,f; (x, y) is a first order polynomial and
represents the outputs of the first order Sugemzyfu
inference systenp;, g andr; are the design parameters

143



P. Teansri et al. / GMSARN International Journal 5 (2011) 139 - 150

determined during the training process. Adaptivdesy  “premise parameters”. In the fourth layer, there also
denoted by squares, represent the parameter s¢taréh  three modifiable parameterg;{g; andr; }, pertaining to
adjustable, whereas fixed nodes, denoted by cjrclesthe first order polynomial. These parameters as® al
represent the parameter sets that are fixed inytstem. referred to the consequent parameters.

» Layer 1. all the nodes are adaptive nodes. The 3.2 Learning algorithm of ANFIS
output of layer 1 are the fuzzy membership grade of

the inputs, which are given by: The task of learning algorithm for ANFIS architeetus

to adjust all the modifiable parameters, namelyl, c;}

Oy = tp (X) i=12 1) and {o, g, ri}, to make the ANFIS output match the
_ training data. When the premise parametgrb;,andc
O =pg ,(y) =34 (2) of the membership function are fixed, the outputhe

~ ANFIS model can be written as:
where Hp (%), g, (y) can adopt any fuzzy membership

functions. For instance, if the bell shaped mentibprs f=—4 f, + “ fy (8)
function is employedg, (x) is given by: W+, W+ W,
1 Substituting Eq. (5) into Eq. (8) yields:
Hp (x) = T b ©) f=mf +w,f, 9)
X—C
1+{{ (‘1] } Substituting the fuzzy if-then rules into Eq. (99,
4 becomes:
where a, b and ¢ are the parameters of membership  f =@ (pX+ Gy +r)+@TLAPX+qy+Tr) (10)

function, governing the bell shaped function acutgly. After rearrangement, the output can be expresses as

» Layer 2: every node in this layer is a fixed node, f = (@X) py+ (@) A+ (@)1 1+ (@ X) p o+ (@ ¥)q 7+ (@ )r -

marked by a circle and labeldd, with the node (11)
function to be multiplied by input signals to serve
as output The output in eqg. (11) is a linear combination o t
] modifiable consequent parametgrsqs, r1, P2, 9> andr..
Oz = = Hp, ()45, (Y) for =12 (4) The least squares method can be used to identfy th

optimal values of these parameters easily. When the

* Layer 3: every node in this layer is a fixed node, premise parameters are not fixed, the search space

marked by a circle and labeled N. The node becomes larger and the convergence of the training
function normalizes the firing strength by becomes slower. A hybrid algorithm combining thaste

calculating the ratio of thé" node firing strength to  squares method and the gradient descent method is

the sum of all rules’ firing strength. adopted to solve this problem. The hybrid algorittsm
composed of a forward pass and a backward pass. The
G = =4 -4 for i=1,2 (5) least squares method (forward pass) is used tonizeti
2T Gt the consequent parameters with the premise paremete

_ _ _ _ fixed. Once the optimal consequent parameters are
* Layer 4 every node in this layer is adaptive node, o nd, the backward pass starts immediately. The
marked by a square, the output of each node in thigyadient descent method (backward pass) is used to
layer is simply the product of normalized firing i st optimally the premise parameters correspaii
strength and a first order polynomial (for a first he f,,7y sets in the input domain. Table 2 sunzesri
order_ Sugeno model). Thus, the outputs of thisrlaye {he activities in each pass. The output of the AR
are given by: calculated by employing the consequent parameters
O, =@,.f, =@ (pX+qy+r) for i=1,2 (6) found in the forward pass. The output error is used
' adapt the premise parameters by means of a standard
« Layer 5: every node in this layer is the fixed node. Pack propagation algorithm. It has been proven tiiat
The node performs the summation of all incoming ybrid  algorithm is highly efficient in training ¢h
signals. Hence, the output of this model is ANFIS[21].

computed by:
P y Table 2. Two passes in the hybrid learning procedure

2
O = fou =21, :M =overall output (7) Parameters Forward Pass Backward Pass
i . Premise parameters Fixed Gradient Descent
It can be observed that there are two adaptivadape ~ Consequent Parameters Least Square Fixed
the ANFIS architecture, namely the first layer ahe Estimation
fourth layer. In the first layer, there are threedifiable Signals Node Outputs Error rate

parameters {ab; and ¢}, which are related to the input
membership functions. These parameters are alsedcal
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Fig. 3. ANFIS architecture.

tobacco manufacturing, the wood and furniture
manufacturing and some of the electric and eleitron
In this study, interruption cost model by ANFISrmiple manufacturing are classified in the batch proc€ssm

is demonstrated. The inputs-output data set isigedv ~ the onsite customer survey, the assumption of this
from the manufacturing related to food, beveragd an variable can be defined that the industry operated
tobacco industry. Four variables in each industrycontinuous process has a possibility of higher thpa
including electrical energy consumption, processfrom sustain interruption than the industry opedtaigth
characteristics, interruption duration and processa batch process.

recovery time are collected and assigned to benieat
variables while the interruption cost is the output
variable. Each input to construct the model can be
described as follows:

3.3 Interruption cost model from ANFIS architecture

Interruption duration: in the study, interruption
duration is defined as the time of a power supplly af
service that industry had experienced during orz.\Jl@
general, interruption duration from industrial pEstive

- Electrical energy consumption: this variable refers to is longer than the time recorded from electricitytilln a
the average of electricity utilization in manufaatg case of critical components, major equipment oriadsy
process for each sampled industry (kwWh/month). Mainin power supply systems are out of service, failanel
assumption of this variable is that the interruptimst of ~ customers do not have a redundant circuit, intéioap
industry consumed large amount of electricity stoul duration time is normally longer than the interiapt
greater than the interruption cost observed by stgiu caused by animals or extreme weather. The industria
with less electricity consumption. The information customer damage from power system componentsédailur
implies the plant capacity which is provided froititg and is typically larger than the interruption calidsy
database of electric utility. Therefore, this valéeacan  animal and weather.
be automatically extracted from the database for
performing the reliability cost worth assessmenthe
future.

- Process recovery time: when power supply is out of
service, most of manufactures require time for rgantp
processes and activities. Process recovery tinesréd

- Process characteristics: the manufacturing processes the duration time which industry needs to deal wité
are generally defined into two categorizes; |) oargus production lines. The performed procedures aftevquo
process and Il) batch process. In this study, thesupply interruption include resetting interrupted
manufacturing of factory operated with continuous machines and equipment, extraction material dansage
process means all raw material and production psEse  blockage, re-checking all emergency and safetyesyst
are definitely interrupted during sustain interiapt  re-starting the manufacturing processes and feeding
occurred. The iron and steel manufacturing, cementraw material until the production capacity reaches
manufacturing, pulp and paper manufacturing can benormal operation. Recovery time can vary from autgn
defined as the factory operated with continuous@ss. to a day depending on interruption duration,
In addition, some processes may sensitive to powercharacteristic of process and plant operation. Ha t
quality problem which can quickly lead to a casngdi survey, the steel products manufacturing oftengiratied
shutdown of the entire process. In contrast, aofsct electric motors of different ratings and specificas in
operated with batch process or non-continuous gsoce one controlled system. A loss of control of one anot
means that the production system is divided inteeisd caused by unexpected and sudden power interrupion
sub-sections. The material and process flow is notupset the general control and lead to completedstdin
directly transfer to another sub-process. Therefsoene  of the whole production system. The processes reati
processes can be restarted production lines afteteast 45 minute for voltage dip problem and 6-8rhdar
interruption event is corrected. The food, beveragéd interruption event of 15 minutes. The relationslp
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interruption duration and process recovery timemfro
customer survey is illustrated in Fig. 4. Like an
interruption duration, the assumption of this valgais
that an industry which requires long recovery titoe
deal interrupted processes has a damage cost ligtrer
the industry which require a short recovery timenot
sensitive to the power quality event.
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Fig. 4. Process recovery time and interruption duréon of
selected manufacturing industries.

N
bA‘A‘
In order to demonstrate the interruption cost mode| ! Flectrical cnerey consumption

from ANFIS, the data provided from 325 food, begera
and tobacco industries in Table 3 including smedile,
medium scale and large scale industries is usethes
case study. The data is divided into two separate d
sets. During data training process, the 260 datasse
selected to learn a non-linear relationship betwepunt-
output variables while the 65 data set is assignele
the testing data. According to the survey quesaden
the number of membership function for each input an
output is defined as shown in Table 4. The architec
and training parameters of ANFIS model are displape
Table 5. In the ANFIS model, least square estimeadiod
gradient descent algorithm are applied in the fiybri
learning rules.

Table 3. Number of sampled industries

Industrial size Number of Electrical energy

industry consumption (kWh/month)
Small 60 <100,000
Medium 78 100,000-250,000
Large 187 >250,000

Table 4. Number of membership function for input/output
variables of ANFIS

Variable Description No. of Range
MF

Input 1 Electrical energy 3 10,000-16,500,000

consumption kWh/month
Input 2  Process types 2 Continuous/Batch
Input 3 Interruption duration 8 1-60 min.
Input4  Recovery time 9 15 min.-24 hrs.
Output 1 interruption cost 10 5,000-10,000,000

Baht/event
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Table 5. ANFIS architecture and training parameters

Number of layer 5

Size of input/output data set 325

Number of input 4

Number of output 1

Membership function Gauss

Learning rules Least square estimation
Gradient descent algorithm

Momentum constant 0.9

Number of epoch 100

4. SIMULATION EXAMPLES

In this study, the ANFIS model has been develomed t
estimate interruption cost of food, beverage amdd¢oo
industries. The ANFIS system with four inputs using
gauss-shaped membership functions is shown in5ig.
The number of fuzzy rules is set to 432 rules atiogr
multiplication number of membership functions fach
input. The output is comprised of a linear comborabf
the inputs multiplied by the normalized firing stggh.

Input 2: Process characteristic fte

(sugeno) Fw)

. Output (432)
Input 3:Outage dly
i

AN

Input 4:Process recovery time

Fig. 5. ANFIS system: 4 inputs, 1 output, 432 rules

According to the electricity rate in PEA’ tariffhe
electrical energy consumption referred to the scle
industry is divided into three categories which anaall
scale, medium scale and large scale industry. Eeemt
the adjusted membership function parameters from da
training process, the example of three membership
functions of electrical energy consumption is @dtin
Fig. 6. To normalize the range of this input, tletual
electrical energy consumption from 10,000-16,500,00
kWh/month is converted to an appropriate range el w
as the other input and output variables. Aftergracess
of data training is finished, input membership fimes
of electrical energy consumption are adjusted ttaiob
least square error. The results of data trainihgtilate
that membership parameters of large scale indastrie
(inlmf3) are the most adjusted parameters. In madit
the trend of mean square error (MSE) during data
training process in Fig. 7 is decreased from ihiiate
and remained constant after training epochs ofThte

final convergence value of MSE is 4.0%18° with 0.1

step size. It can indicate that 432 fuzzy rulesaatgo a
large scale of industry that is the results of tighest
number of customer survey data.
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Fig. 6. Membership functions of electrical
consumption after training data is obtained.
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Fig. 7. The curve of network error convergence durig data
training for interruption cost model of TSIC 31.

Furthermore, to evaluate the reliability of ANFIS
model, the 65 testing data set excluded from the da
training is used to validate the performance ofrtizelel.
The error range and the average absoulute erréneof
ANFIS model with testing data set is summarized in
Table 6. The results show that the interruptiort éasn
ANFIS model provides the error of 8.6% for smathlsc
industry when compared with the interruption caetf
survey questionnaire while the medium scale ingustr
and large scale industry have the average err@.18f
and 9.5%, respectively. The errors provided by rhode
validation show that the concept of interruptionstco

evaluated from ANFIS model can be used instead ofduration from the output of ANFIS model

collecting new data from the customer survey apgroa

Table 6. Performance validating of ANFIS model

Industrial scale  Number of Error range  Average

testing data (%) error (%)
Small scale 13 6.3-9.8 8.6
Medium scale 15 7.5-9.2 8.1
Large scale 37 8.2-11.5 9.5

. Teansri et al. / GMSARN International Journal 5 (2011) 139 - 150

After performing data training process, the custome
interruption cost by ANFIS can be generated with
optimal system parameters. The model is varied thi¢h
interruption duration in order to provide customer
damage function. Because of output from ANFIS model
is the fuzzy number, therefore, the defuzzification
process to convert the fuzzy number to the realevalf
customer interruption cost can be performed bygiEig.
(12). The relationship between fuzzy output levet a
actual interruption cost is also illustrated in.Rag

CIC,

_ 0.970% f,
g = 847X exp )

12)

where cicaq iS the average customer interruption cost
expressed in (Baht) and is the fuzzy output number,
which obtained from the ANFIS model under specific
input data set. If the four input variables of thdustry
produced frozen food are known. For instance, the
industry operates with the average of electricargyn
consumption of 5,370,000 kWh/month, 24 operating
hours with continuous process, approximately 45-60
minutes required recovering production lines until
reaching the normal capacity. If the interruption
occurred with 15 minutes, the ANFIS model can
estimate customer interruption cost with the fuamyput
level of 5.8. Then, the actual interruption cosh dze
evaluated using Eq. (12) that is 236,314.9 Bahtieve
addition, this model can be used as the reliabdibgt
and reliability worth evaluation tool under thefdient
scenario of interruption or customers if the fooput
variables are available.

x 10
14

Interruption cost (Baht)
N N
> =2 @ o N

N

0 L L — L L L
1 2 3 4 5 6 7 8 9

Fuzzy output level

Fig. 8. Defuzzification fuzzy output to the actuatost.

Based on training data set provided from survey
approach, the interruption cost at different iniption
after
defuzzification can be plotted in Fig. 9. For the
interruption duration of 1 minute till 60 minutes,
interruption cost of small scale industry and metiu
scale industry can vary from 4,493.43-26,128.27
Baht/event and 23,632.11-111,187.67 Baht/event,
respectively. In addition, interruption cost modi&i the
large scale industry at duration of 1 minute is,287Z.94
Baht/event while the interruption cost at 60 milsutan
reaches to 1,030,809.67 Baht/event. The interroptast
evaluated from ANFIS model for small, medium and
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large scale industry is also presented in TablM&jor
findings of this study can be concluded that thiétyt
planners should be addressed the factors thae relahe
customer interruption cost in each sector. Theltesd
interruption cost
performing data analysis may not appropriate tdyaiop
the practical planning. In this study, not only the
interruption duration is analysed, the factors letgical
energy consumption and manufacturing charactesistic
are also investgiated. However, the developed mindel

this study is employed by random sampling data fromcustomer

However, the constraints of interruption cost assest
including resources requirement, available budtjete
consuming are the factors which push some researche
and planners propose new analytical methods for the

based on survey data withoutinterruption cost assessment. In addition, using th

customer interruption cost from survey without
performing data analysis may result in under orrove
estimation. This paper develops the customer
interruption cost model by using ANFIS approachakhi
can deal the data associated the high uncertainty f

survey. To demonstrate the steps of

survey approach which may not cover all processedevelopment, the data set from selected samplesredv

under food, beverage and tobacco industry. In otder
utilize the developed interruption cost model iagtical
assessment, the training and testing data set cshmul
increased covering most of sub-category industiye T
reliability of the model for practical implementati is
also improved when a large amount of data hasatelle
Under the restriction of time and resources for

with small, medium and large scale of food, beverag
and tobacco industries in Thailand is surveyed.nfro
survey questionnaire, the data of each industriydticg
electrical energy consumption, process charadterist
interruption duration and process recovery time is
assigned to be input variables of ANFIS model.unziy
inference system, 432 fuzzy rules are employed fitwen

conducting customer survey, the concept of customeffour input variables to calculate the fuzzy outputich

interruption cost evalaution by using ANFIS modahc
be applied as an economic computation tool for
distribution utility to assess relaibility cost-wbrin the
network improvement and expansion projects.
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Fig. 9. Individual customer damage function for éod
beverage and tobacco industry from ANFIS model.

Table 7. Average interruption cost of food, beveragand
tobacco industry from the proposed model

Interruption Interruption cost (Baht/event)
duration  gmg|l scale Medium scale Large scale
1 minute 4,493.4: 23,632.1. 232,087.9

10 minutes 13,256.35 36,946.25 467,532.59

16 minutes 18,454.08 97,957.88 784,121.25

30 minutes 21,810.02 103,157.52 872,878.80

60 minutes 26,128.27 111,187.67 1,030,809.67

5. CONCLUSIONS

Reliability cost-worth assessment is more important
issue of value based reliability planning in power
distribution system. Most of the assessment is eyeul

represents the damage cost level. The results $hatwv
ANFIS architecture can deal with the large and
uncertainty of data set from customer survey. Uritler
restrictions of resources and time requirementetdopm
the direct interruption cost assessment from custom
survey, this paper proposes the ANFIS approach to
develop the interruption cost model and use touatal
the customer damage cost in the practical disiohut
system design and planning. Moreover, further stuitly

be presented the interruption cost model with thta det
from other industrial groups. Finally, this concept
requires improving the precision and reliability of
ANFIS model before using in practical planning for
reliability assessment of distribution system.
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