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ABSTRACT

The parameters of reliability of power distributiare the major goal lines to define the healttustaf any utility
and its customer satisfaction. The reliability paeters of power distribution engineering are SAIBAIFI, CAIDI and
CAIFI, which are the primary contributors, whichcass the Utility-Customer dynamics in terms of do#itly,
accountability and satisfaction. In this paper, tbgability parameters for local Metropolitan Aré&gdectricity Supply
Company has been analyzed for the year 2014 giafiim T January 2014 to $1December 2014. These reliability
parameters would be beneficial for the Utility take major overhauling decision or adaptation of latgst technologies
to enable a good customer relation as well agystatus. This parameter can also become thevpagtfor implementing
technology at the substation level, feeder levehtothe customer end or in other words adoptiodistfibution system
automation at the fundamental levels, basicallghie form of substation automation, feeder automa#ind customer
automation. This research activity demonstratesl fimegreater fault management system for improveroédistribution

network reliability as well as customer satisfactiny the utility.
KEYWORDS: Bangalore Electricity Supply Company [BESCOM]
INTRODUCTION

Reliabiity Studies are the benchmark to decidesthtus of utility in terms of their operational eaflities taking
customer satisfaction as their primary motive. Bdoge Electricity Supply Company is the major rawergenerating
Escom’s in the state of Karnataka after it as besmwved out from the Karnataka Electricity Board BEas per the
restructuring of the Power Companies in the SBESCOM has jurisdiction of 8 districts in South Kataka coming
under 3 Climatic Zones of the State covering 41,8§2&kms with estimated population of 2.07 croreghis region.
BESCOM has total circuit area of 2,44,490 routerkiéters, in which 84,579 route kilometers of HTefirand 1,60,311
route kilometers of LT lines operated with 2,03,8Di8tribution Transformers with 419 sub station®thed across the

network area [1].

Reliability is termed as the ability of a systemdjperate continuously without any fault or disturba for an
extended period. Any utility to have good reliailindices it needs to have very robust technoggh as fault detection,
isolation and restoration mechanism along withfdesler reconfiguration topology embedded in it.i&telity parameters
for distribution network are CAIDI, SAIDI, CAIFI, AFIl, ASAlI and MAIDI, which are basic parameters dieciding
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2 B.A. Anand & Y. RManjunatha

relability of the utility. To have great reliabifitindices, the utility need to adopt with greathieslogy emphasizing on
automation in its distribution network for fault megement and feeder reconfiguration. Feeder requmafiion involves
management of power flow from the under loaded dedd the over loaded feeder by altering the secperf tie
switches, section switches and reclosers. Relighildices are the major goal lines of any utitilyget maximum benefits

in terms of economics as well as customers satisfad?]

Distribution system is a primary role of distrilngdi power to the customer and revenue generatiothéoutility.
Modernization or Adoptation of new technology i ttiistribution sector will be the tool to improviéthe parameters of
reliability, which is termed as Distribution Systémtomation which will helps to improve reliabilignd performance that
meets economic and technical aspects. The DisibufAutomation involving feeder automation systemash
substation-centered automation combined with varipuwtective and measuring devices in a singlerobptainel, which
would be instrumental in protective gear mechani3ims automation platform involves highly capablehitecture
performing many operations such as SCADA RTU, comigation, port switch, protocol converter, sequentevents
recorder, and substation HMI. This platform engagéiy to have more reliable, thrusted power digttion supply to the

consumers with far more benefits in terms of ecdnas well as technical capabilities [3]

In the distribution system network it consists wfotover current relays and a earth fault relay Wwhice
connected between two phases and earth fault betaghase and earth lines. These relays consisstaintaneous and
inverse-time overcurrent elements. Feeder faules lzacked up with the low voltage side relay coredcto the
transformer, which houses inverse time overcuredmments. All the utilities normally uses automatcloser for feeder
fault, where as the transformer low voltage sideakers lacks automatic reclsoing for the feeddtdaut both the feeder
relays and transformers relays are having instaotas overcurrent relays which acts on fault. Taesformers relays acts
faster than the feeder relay for the feeder faelken though it lacks automatic reclosers, theserésponse is due to the
measurement of currents, which are similar for libthfeeder as well as transformers relay, butttaissformer reclosers
acts faster due to the distance and fast resp&nse. though transformer relays acts faster todhéed feeder fault, but it
also causes major disadvantage of removing hegltry of the feeder from the service causing infgtiom to the
consumers at the healthy part of the feeder. [4]

Distribution System Automation depends on how ty&tesn makes decisions during the contingency omabr
routine power flow. The decision-making at the loleavel always saves time and increase responsedspénder the
automation of distribution network, the equipmemssmally doesn't sends the larger amount of thegydiew data to the
control room or neither to the central system, hadce it saves time and increases response timnghthe automated
operation, these systems sends operational détte tontrol station rather requesting for actiamfrthe control time, thus
it is only information is transmitted to the coritedter the operation is carried out. In the dimition system automation
protocol there will many technologies embeddedanycout many operations of power system. The djpgr® such as
load management, Energy Management, Fault Detetg@ation and Restoration system and power flawdiss will be

carried out by different technologies and perfoperations individual depending upon the utility ded5]

In the distribution automation, the basic and intpotr fundamental automated area is feeder automdtiothe
feeder automation, the basic concept is to havenzated fault detection, isolation and restoratigtianism along with
the network restructuring capabilities. Feeder Maton involves realization of the feeder line $mbstation, feeder and

master station line capable of restructuring togpléor feeder reconfiguration and also detectionthaf feeder fault,
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isolating the feeder from fault and simultaneoustaration for temporal fault. In the network, mgiitl consists of large
number of switches, isolator’s and instrumentatguipments, here the feeder automation involvegdieg of various
other network restructuring mechanism for contngjifault and power flow for balancing load duringedoading or under
loading conditions for smooth operation of powesteyn. This feeder automation helps to reduce ecanlosses as well
as reliability improvement for both customer aslvasl utility. In the area of network reorganizingrestructuring, feeder

automation is instrumental for safer, flexible, fiteble operation for distribution systems utilif@][7]

Figure 1: BESCOM Metropolitan Distribution Area Map
Utility Parameters for Reliability Studies

Utility that is distributing power in the Bangalofdetropolitan Network Area is BESCOM, which is the
subsidiary of KPTCL. Figure 1 illustrates the BES@M®etropolitan Distribution Network Area Map, whiéh the main
source of revenue for entire state in terms of ttara employment generation and revenue generdtonPower
Companies in the state. Under these circumstattoed/tility is facing severe power outages in itstrapolitan network
area due to the interruption in power supply tocttesumers without any prior notification, whichsisrely as brought
down the reliability of utility in terms of consumesatisfaction as well as utility parameters. Doetlie massive
unscheduled power outages due to the faults hagdadwge losses to the industries, state revermuahe Utility, this in

turn as reduced employment generation capabilitheftate.

Table 1: Feeders Interruptions at Substation

Feeder No No o_f Durgtion [Hr:
Interruptions Min: Sec]
Bank - 1 3 0:58:00
F-1 10 17:53:00
F-26 1 0:48:00
F-27 19 4:45:00
F-28 74 24:27:00
F-31 75 15:30:00
F-32 57 7:27:00
Bank - 2 8 1:26:00
F-3 59 12:13:00
F-6 38 7:49:00
F-7 25 10:58:00
F-17 52 7:49:00
F-18 73 50:49:00
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Table 2: Feeders Interruptions at Substation Incluéhg L/C

Impact Factor (JCC): 3.1852

F-19 38 4:49:00
Bank - 3 8 1:42:00
F-8 67 18:25:00
F-9 45 8:29:00
F-11 127 14:46:00
F-12 26 8:32:00
F-13 21 3:02:00
Bank - 4 4 1:35:00
F-2 35 9:32:00
F-5 63 10:54:00
F-14 31 8:14:00
F-15 20 18:46:00
F-16 163 23:44:00
F-21 5 1:55:00
F-22 4 2:20:00
F - 34 New ESI 9 3:21.00
Bank - 5 10 4:41:00
F4 47 6:26:00
F10 61 8:27:00
F20 - Old ESI 21 2:44:00
F23 51 7:31:00
F24 28 52:10:42
F-25 62 9:20:00
F29 55 12:33:00
F30 62 0:00:00
F33 14 3:38:00
Total 1571 410:28:42

Feeder No No o_f Durgtion [Hr:
Interruptions Min: Sec]
Bank - 1 3 0:58:00
F-1 18 162:58:00
F-26 1 0:48:00
F-27 20 4:45:00
F-28 90 211:59:00
F-31 92 234:44:00
F-32 81 384:15:00
Bank - 2 8 1:26:00
F-3 63 12:22:00
F-6 40 13:54:00
F-7 26 12:33:00
F-17 57 11:07:00
F-18 82 113:13:00
F-19 39 5:15:00
Bank - 3 10 6:40:00
F-8 70 44:30:00
F-9 48 22:29:00
F-11 130 17:19:00
F-12 28 8:57:00
F-13 25 56:26:00
Bank - 4 4 1:35:00
F-2 36 9:57:00
F-5 63 10:54:00
F-14 44 44:45:00
F-15 20 18:46:00
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F-16 178 23:44:00
F-21 6 2:40:00
F-22 7 23:33:00
F - 34 New ESI 9 3:21:00
Bank - 5 10 4:41:00
F4 47 6:26:00
F10 62 8:27:00
F20 - Old ESI 22 10:59:00
F23 55 10:13:00
F24 28 52:10:42
F-25 64 27:57:00
F29 58 36:53:00
F30 66 0:00:00
F33 17 4:43:00
Total 1727 1757.06:42

Distribution Feeder Interruptions occurs due to@ver Current Fault [OCR], Earth Fault [EFR], LiGéarance
[L/C] and High Voltage Terminal Fault [H/T] durintheir routine operations. To minimize impacts ofilfs, every
distribution sub stations houses three relays mrobpanel for each feeder namely Over Currenaf&lwhich are two in

numbers, and a Earth Fault Relay connected adresbitee phases and neutral, in the sequencess@B8R-OCR-EFR.

Table 1 shown above is Feeder Interruptions asthistation within the Bangalore Metropolitan Netkvérea
which has 5 Banks of rating 66/11KV comprising df féeders of rating 11KV studied for a period o&grear starting
from 01/01/2015 to 31/12/2015 for Distribution fesjJlnamely Over current fault, Earth Fault, botheOsurrent and Earth
fault, and High \Woltage Terminal Fault. During aayethis Substation feeder has interrupted 157Z%djntausing
unscheduled interruption to 1,37,431 customer fpeaod of 410 hours 28 minutes and 42 secondsowithonsidering

Interruption due to Bank Failures.

Table 2 shown above are Feeder Interruptions ferféleder at the same substation for the periodnefyear
starting from 01/01/2015 to 31/12/2015 for Disttiba faults, namely Over current fault, Earth Fablbth Over current
and Earth fault, Line Clearance [L/C] and High gi¢ Terminal Fault. During this period, this Sutistafeeder has
interrupted 1727 times causing unscheduled intéomgo 1,37,431 customer for a period of 1757 Bdd# minutes and
42 seconds, where Line Clearance is obtained far&@pn and Maintenance from the service providemaintenance
workers of feeder during this period. This tablesisnmation of Table 1 number of interruption addeéth the line

clearance of same feeders.

Table 3: Feeders and Customer Details for NRS S/S

Feeder No| No of Customers| Feeder No| No of Customers
Bank Bank Bank Bank
F-1 950 F-2 2627
F-26 100 F-5 2654
F-27 2013 F-14 3378
F-28 72 F-15 3027
F-31 4475 F-16 10665
F-32 2256 F-21 100
BANK BANK F-22 1
F-3 5300 F-34 42
F-6 2980 BANK BANK
F-7 5610 F-4 11104
F-17 7476 F-10 11008

www.iaset.us edit@iaset.us



6 B.A. Anand & Y. RManjunatha

F-18 8088 F-20 2344
F-19 6958 F-23 3884
BANK BANK F-24 1463
F-8 5097 F-25 4534
F-9 729 F-29 4968
F-11 7813 F-30 9252
F-12 4474 F-30 1
F-13 1988 | - |
Total Number of Customers 1,37,431

Utility in the metropolitan network area has 41®sation amounting for 2.07 crore population whe directly
or indirectly effected due to the interruption dhgripeak or off peak hour due to technical snagrschieduled line
clearance effecting reliable power supply to thstamers. In the Table 3 above demonstrates feewkcuastomer details
for NRS sub station which amounts for 34 feedexsriual,37,431 customers spread across the subrstagitwork. In this
research, reliability indices are analyzed for feisders and are co-related to 2000 feeders dfywdihd for which indice’s

are calculated and tabulated below in the tables.

Table 4: Feeder Faults and Interruption Parameters

No of Duratiop of
Type of Fault Interruptions Interruption
[Minutes]
L/C 157 80,799
OCR 291 3,896
EFR 704 5,757
OCR/EFR 473 13,897
HIT 204 2,134
Total Fault excluding L/G 1571 24,628
Total Fault Including L/C 1727 1,05,427

In Bescom distribution network refering to 34 feedef NRS feeder, their faults are distinguised hias
clearanace [L/C], Over Current Relay Fault [OCR§rtE Fault [EFR], both OCR and EFR, and High Vadtagrminal
Fault [H/T]. In the Table 4 above all the fault aabulated for the one year starting froth January 2014 to 31

December 2014 with number of interruptions and tlomeof interruption in minutes.

Table 5: Reliability Indices

No of Customers| 1,37,431| 1,37,431
No of Interruption 1571 1727
Duration 24,628 | 1,05,42)7
SAIDI 0.18 0.77
SAIFI 0.01 0.01
CAIDI 15.68 61.05
CAIFI 0.01 0.01
ASAI 95.22% | 69.12%

For total number of interruptions and total intgted duration for 34 feeders of BESCOM’'s NRS Sudtich
tabulated above and reliability indices as beinigudated for the year 2014. These are co-relateentore metropolitan
area bescom feeders, which is 2000 in number, areldted in the Table 5 above under the title ‘&wlity Indices”,
which includes Average Service Availibility Indise]ASAI] for the customers available during the yefor both
conditions namely line clearance and without liteatance. Line clearance is forced interruptiothi customer during

normal hours.
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Reliability Improvement for Distribution Network

DISTRIBUTION FEFDFER [RFECONDUCTORING]

Tane CGperatonr NS A
- \ 1” T/C
C ) o -3

DISTRIBLTION FEEDER [RECONDUCTORING]

20°-»2C0°020N0NFCD AMONMT

Figure 2: Distribution Automation System

The Figure 2 demonstrates Distribution Automatigst&m, which involves Distribution Feeder Recondring,
Feeder Reconfiguration, Fault Detection, Isolatiod Restoration [FDIR] and Smart meter, these compi@s constitutes
Utility Automation, Inter Mediate Automation and €amer End AutomationDistribution Network Automation is a

mechanism to improve reliability indice’s of thestlibution network.

Figure 3: Distribution Automation System PrototypeModule

Figure 3 above is of the prototype module of Dimttion Automation System, which demonstrates Feeder
Reconfiguration, Feeder Reconductoring, FDIR andardrivleter. Figure 4 below demonstrates flow chart dlement
redundancy method of operation for Fault detectispiation and Restoration [FDIR] in the inter regdilevel automation
between the utility and customer, working primatidydetect fault which might be permanent or terapir nature, which
is helpful in detection of fault location as soanfault is sensed by the relays and circuit breakactivated to isolate the
unhealthy section of feeder from healthy sectiangi§lobal Service for Mobile Communication protbas the medium

to communication between operator and system fdt faanagement and power restoring mechanism.

Feeder [F-11] which is supplying power to 7813 ouostr, had 127 interruption in a year for the nekwior
traditional operation mode. Under the automatediitimm, assuming that the feeder F-11 are sectwhisto 10 sections
under the fault management mechanism conditiontaupplement redundancy method for feeder operatitim FDIR at
the sections patrolling for any interruptions woblel instrumental in improvement of reliability pareters for the entire
feeder, which would benefit entire utility as walt customers. This modus operandi shall be adapteldl the 34 feeders

for the NRS sub station for improvement of powemagement by the substation for customer satisfaia improved
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power management during contingency. The improeédhility parameters are tabulated in the TableBw.
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Figure 4: Flow Chart for Reliability Improvement Using FDIR

Table 6: Improved Reliability Indice’s

“Interruption
No of Customers 7813 | Duration Per 86
Section
No of Interruptions 127 "SAIDI 0.11
"No of Sections 10 "SAIFI 0.01
"No of Customers per Section 780 "CAIDI 0.67
Total Interrupted Duration 866  CAIFI 0.01
"No of Interruption per Section 13 "ASAI 99.98%

CONCLUSIONS

The primitive distribution network for any metrofiah area for power supply was under severe sthesdo the
very low reliability indices as well as poor custmsatisfaction. This was due to lack of adoptibteohnology by utility
for power management as well as fault managemdier the implementation of technology at the su#édbvels in feeder

in the form of distribution automation system, asilf management system in the form FDIR systemefmly fault
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management which in turn improves reliability ok tdistribution network. In this research, relidgilimprovement

objective has been achieved by demonstrating pioeodf distribution system automation for feedegrsadopting element

redundancy method of reliability improvement bytgeting each feeder. This sectioning of distribntfeeder along with

implementation of the fault management system gwadwed reliability parameters of distribution netlwaas well as

customer satisfaction for metropolitan network area
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