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1. Outline of Reliability

' Introduction

i@ Feature of Electricity
V¥ Just in time
¥ Cannot save
@ Perception of Reliability
V¥ Variable among customers and utilities
¥ Change over the years
¥ Load sensitivity of electrical equipment
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1. Outline of Rehability

' Introduction
Number of Duration of
Interruption Interruption
* f
N I ol (.
Frequency of Size of : Search of Fault Point
Interruption Interruption Area and Restoration
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1. Outline of Reliability & Epc0 ¢35

) Reliability ?

& Probability of energy supply interruption

V¥ Ability of a product to perform its intended function for a
stated period of time under specified operating conditions

i@ 4 Important Elements
¥ Probability

v Time
Y Performance
V¥ Operating Conditions
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1. Outline of Reliability

) Reliability ?

@ Classification

VY Inherent reliability
WV Achieved reliability

i@ Indicator of evaluating distribution system
V¥ Determination of electricity tariff
Y Assessment of operational efficiency of Power Company

V¥ Indicator of service level of Power Company
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1. Outline of Reliability

') Definition of Terminology

& Temporary vs. Permanent Fault

Temporary by Y | poes Device use Y Momentary
nature fault automatic reclosing ? Outage
Permanent by l N Sustained
nature fault Outage

@ Outage vs. Interruption

& Interruption
V¥ Instantaneous interruption : 0.5 ~ 30 cycles

VY Momentary interruption: 0.5~3 s
Y Temporary interruption : 3s~1, 3 or S min
koica—Y Sustained interruption : over 1, 3 or S min
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1. Outline of Rehiability

' Reliability Indices

SAIDI

SAIFT

CAIDI

CAIFI

Iz

b{] I ! m:'

System Average Interruption Duration Index

‘System Average Interruption Frequency Index

Customer Average Interruption Duration Index

Customer Average Interruption Frequency Index

’.

Momentary Average Interruption Frequency Index

¥ Others: ASAIL ASUIL, CTAIDI, ASIFI, ASIDI, SARFI
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1. Outline of Reliability

' Reliability Indices

@ System Average Interruption Frequency Index

V¥ Designed to give information about the average frequency
of sustained interruption per customer over a predefined

area
Total Number of Customer Interruptions
¥ SAIFI =
Total Number of Customers Served
B > N
~ N1
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1. Outline of Reliability

) Reliability Indices

¥ System Average Interruption Duration Index

V¥ Designed to provide information about the average time
of sustained interruption per customer over a predefined

area
3 Customer Interruption Durations
Y SAIDI = -
Total Number of Customers Served
_ 2Ii+Ni
. Nr
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1. Outline of Reliability & SlE=Col S

' Reliability Indices

@ Customer Average Interruption Duration Index

¥ Average time required to restore service to the average
customer per sustained interruption

2 Customer Interruption Durations

Y CAIDI =
Total Number of Customer Interruptions
21 - Ny SAIDI
T EIN. SAIFI
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1. Outline of Reliability

) Reliability Indices

@ Momentary Average Interruption Frequency Index

V¥ Very similar to SAIFI

V¥ track the average frequency of momentary interruptions

Total Number of Customer Momentary Interruptions
¥ MAIFI =

Total Number of Customers Served

2 IDi* N
Nt
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1. Outline of Reliability

') Reliability Indices

@ Average Service Availability Index

¥ Represent the fraction of time that a customer has power
provided during the defined reporting period

Customer Hours Service Avallability
v ASAl =

Customer Hours Service Demand
_ N1 .(No. Hours/ Year) -3 T+ Ni
" Nt (No. Hours / Year)

8760 - SAIDI
8760
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Example & Exercise
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2. Example & Exercise

' Calculation of Reliability Indices

¥ Total Customer : 10,000
¥ Sustained interruption : over 3 minutes

Date | Time of Outage | Time of Restoration | No. of Customer | Load (KVA)
Mar. 3 12:12:20 12:22:20 200 400
Apr.15 18:23:40 18:24:40 500 1600
May. 5 00:23:10 01:13:10 600 1500
Jun.12 23:17:00 23:47:00 200 700
Jul. 8 09:30:10 09:32:10 1000 2000
Aug.20 15:45:40 17:45:40 300 1000
Aug.31 08:20:00 09:20:00 500 1400
Sep. 3 17:10:20 17:30:20 1500 3000
Oct. 27 10:15:00 10:55:00 700 1500
Dec.10 20:30:20 20:33:20 500 1000
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2. Example & Exercise €5

' Calculation of Reliability Indices

1. SAIDI =
2. SAIFI =
3. CAIDI =
4. ASAl =

S. MAIFI =
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Overseas Status
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3. Overseas Status

SAFI SADI CADI AS Al ASIFI ASIDI MAFI OQOther CTADI CAFI

& More than 80% of the electric power compauies surveved used
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3. Overseas Status _Kepco (5

 United Kingdom

SAIFI, SAIDI, MAIFI, Survey of public opinion

Interruption : over 3 minutes
Source side interruption
= SAIFI : not included
- SAID! : included 10% of interrupted time

Standard

@ Survey of public opinion
. Kindness of employees
Their willing to help

Accuracy of information provided

. usefulness of information provided
KOIEA—
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3. Overseas Status

' Italy

Reliability

Instantaneous : below 1 second
Standard Momentary : 1 second ~ 3 minutes
Sustained : over 3 minutes

Q CEER (Council of European Energy Regulators)
Survey the reliability status in European power companies

Trust

. Fast recovery of interruption

Quick & Reliable information provided
LU LY,
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3. Overseas Status

' PacifiCorp (Washington, USA)

Reliability

Index . SAIFI, SAIDI, MAIFI

Instantaneous : below 1 second
Standard Momentary : 1 second ~ 5 minutes
1| Sustained : over 5 minutes

@ CPI (Circuit Performance Indicator)
(SAIDI+0.3)+(SAIF1+0.3) +(MAIFI+0.2) +{Circuit Lock-0ut+0.2)
. Select 5 lower ranked feeders in each B/O each year
Try to reduce 20% of interruption
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3. Overseas Status N xepo €

"' SDGE (San Diego Gas & Electric, USA)

Reliability

Index SAIFI, SAIDI, MAIF]

Instantaneous : below 1 second
Standard Momentary : 1 second ~ 5 minutes
Sustained : over 5 minutes

'f ' PG&E (Pacific Gas & Electric, USA)

Reliability
index SAIFI, SAIDI, MAIFI

Instantaneous : below 1 second
Standard Momentary : 1 second ~ 2 minutes
Sustained : over 2 minutes
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3. Overseas Status

e
0
=
=
=

Reliability

lndak SAIFI, SAIDI

Instantaneous : below 0.3 second
Standard Momentary : 0.3 second ~ 2 seconds
Sustained : over 2 seconds (re-closing time)

' Korea

Reliability
Index SAIFI, SAIDI, CAIDI, MAIFI

Instantaneous : below 1 minute
Standard Momentary : 1 minute ~ 5 minutes
Sustained : over 5 minutes
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3. Overseas Status

' Comparison of Reliability Indices

» S A LD min/customer yr) 5

137.8 138.47

Korea  USA  England Maly  France Austna  Spain
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3. Overseas Status

' ' Comparison of Reliability Indices

;S AIF | {frequency/customer yrl

2.79 2.69

Korea USA  England Ialy  France Austna  Spain
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3. Overseas Status

' Comparison of Reliability Indices

v CAID {min/customef yrlv

107.7
94.97
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3. Overseas Status

' Comparison of Reliability Indices

+ ASAII%

99.79 99.22

98.43 99.34 99.42

98.42 98.39

Korea  USA  England Itly  France Austna  Spain
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[mprovement Strategy

9 Based on KEPCO’s Case
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4. Improvement Strategy

¢ ' Establishment of Interruption Statistic Management System

@ Use the international standard reliability index
Y SAIDI, SAIFI. CAIDI, MAIFI etc.

i Analyze the accurate cause of interruption

@ Interruption Classification
¥ Source side interruption vs. distribution side interruption
Y Scheduled interruption vs. unscheduled interruption
Y Secondary side interruption

& Utilize IT technology for the system
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' KEPCO’s Interruption Statistic Management System
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KEPCO’s Case
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KEPCO’s Case
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KEPCO’s Case
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System circunit diagram Single line diagram
LY
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Case

KEPCO’s

" () KEPCOs Interruption Analysis

& Interruption status of KEPCO by month

1200 g

789
[sose-» Sustainea | 71 | 75 | 08 | 90 | 93 [119]152]|200] 163|135
—a— Momentary | 484 | 621 849 | 706 | 530 | 966 [1103]1 128 851 | 482
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KEPCO’s Case N e ¢

KEPCO’s Interruption Analysis

M Interruption status of KEPCO by facility

T%
5%

5% 28%
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%
0% S| ik

12%
u Wire m Customer Insulator Underground m Asrestor
= Switch m Pole Transformer g Others
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KEPCO’s Case

KEPCO’s Interruption Analysis

@ Interruption status of KEPCO by cause
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4. Improvement Strategy

”

Improvement of the Fault Prevention System

@ System interconnection and division

Overhead Underground Ideal
I I T I ’ *
T Y ¥
Radial Loop Network

& System interconnection and division

Tokyo Electric Kyushu Electric | Texas Electric | KEPCO

General : 3/3 ,
Large capa : 6/6 3/3 3/3 3/3
Underground : 2/2
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4. Improvement Strategy

' Improvement of the Fault Prevention System

@ System interconnection and division of KEPCO

@ Reduce fault recovery duration & area

5] = I mtetconnection 3

@ = ” SIS 2
57 | section 3 section 3 section
1 2 misonnection

Legend
: Carcuat Broaker W - Swikch ON [0 ; Switch OFF
@  subsection division section swikch
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4. Improvement Strategy

Improvement of the Fault Prevention System

i@ Use Infrared light Camera for Facility Diagnosis

‘Y Portable Instruments & Diagnosis Vehicle

Y Analysis Program
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' Improvement of the Fault Prevention System

@ Introduce Fault Indicators
Y Underground Line Fault Indicator Y Overhead Line Fault Indicator
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4. Improvement Strategy

' Prevention of the Underground Cable Fault

@ Diagnosis of Underground Cable Deterioration
¥ Diagnosis and then replace bad condition cable

¥ RVM (Return Voltage Method) for paper insulated Cable

[ DC 1KV ]—’ [ Cable l _’[ Return \'ol!lgel S— l PC Apalysis l

[eiecmiied | | discharged |

“F Deterioration Determination Criteria

Deteriorated | Cautionary Good

Less than 1.65 | 1.65~1.86 | Over 1.87
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4. Improvement Strategy

Prevention of the Underground Cable Fault

@ Non-Contact Infrared Thermometer
¥ Deterioration Determination Criteria

Deteriorated | Cautionary Good
Over 15°C +107TC 0~5T7T

@ Prevent Damage to Cable by External Shock
¥ Underground line mark & marking post
Y Cable protection plate & Protective cable alarm sheet

f
I
=
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4. Improvement Strategy

) Prevention of the Underground Cable Fault

Strengtl;;l; .‘the Patrol of Excavation Site

" Hold a periodic conference with other utilities

@ Use highly Reliable & Endurable Cable

Cv-CuU

CNCV

CNCV-W

FR CNCO-W

M

A

P

i

_
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Prevention of Tree Contact

Tree Trimming @ Insulated Wire @ Curved pole
& Aerial Bundled Cable
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4. Improvement Strategy

o

" ! Establishment of Quick Fault Recovery Process

& Electrical facility monitoring system & DAS

i

-

T |k [
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4. Improvement Strategy

 KEPCO’s New Work Process

& Hot line work
& maintenance techniques without power interruption
SAIDI ot KEPCO
00
S00 ‘\
; b [Oursosced ot |
g 200 B [Disect kot line |
e
- fag L Imecrupuon |
100
. N
BYOCAE ‘RE A CRE Re AT CRn G R0 91 'er en o4 98 es 'eT ‘et “@e '00 ‘o) o
Year

KOICA—

toto_sukisno@uny.ac.id



4. Improvement Strategy

* Miscellaneous

Introduce internal competition

@ Permanent emergency mobilization process
& Secure major materials for emergency

i Prevent Faults Attributable to 3rd Party-owned Facilities

Y refer to fault propagated from electrical facilities owned
by customers or other 3rd party

¥ ask to improve their old facilities and take appropriate
measures
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power by technology
development and
devices

N
Dc\'aop equipment with
longer life and stronger
against reliability
problem

| Device Manufacturers |
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