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Network system in BPC
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MV distribution line Grounding system in BPC

Grounding system in house

Chapter.2 Network Grounding in Japan

Connection of 11k/230,400V

Distribution line

Main e
transformer — agsiorper
(33/11 kV)

Primary __Secondary
R K‘( v Grounding is spiked in every MV pole
J: without measuring earth resistance.
Neutral v Earth resistance of DTs should be up
Direct Grounding to 250hm. o
v Especially in a rocky area, it is difficult
to get enough earth resistance.
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Standard internal wiring in Bhutan

No-fuse breal

Outlet

Al Earthing I

* BPC regulates a customer’s grounding resistance in house at
the time of application of electricity use. (good)

* ELCBs are installed in small number of households in Bhutan.
i) J—
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Network System in TEPCO
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6.6kV-MV distribution line Grounding system

Overhead Distribution System

Earthing/Grounding of Poles

Distribution line  Connection of 6.6k/100,200V
Main
transformer
(66/6.6 kV)
Primary _ _Secondary Grounding
- potential
Transformer
‘GPT
primary
Tertary

3Pnase 3 wie m

Non Grounding
Tertiary
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Distributing I +~——— MV Line 6kV
Substation | i
-

UG cable 2=

UG MV e

feeding cable

Pole Mounted
Transformer

-Note- ‘Service erj:

8 szl 0010 maintain the LV voltage

with this point

Copyrghte 2014, Tolyo Eecrc Power Co, nc.

Grounding wire: 1V2.6mm
(inside the pole)

= Lead terminal

Grounding electrode
(Steel covered cupper) —_—
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Chapter.2 Network Grounding in Japan

Rules, Regulation for network grounding

Rules, Regulation for network grounding

Rules, Regulation

» Regulation that Electricity Utilities must observe in Japan

“Electrical Equipment Technical Standards (EETS)"”

by METI (Ministry of Economy, Trade, and Industry)
[objective] Ensuring pubic safety, Stable supply of Electricity

Earthing / grounding on EETS
Regulation about grounding is classified into 4 types.(=>next slide)

[objectives of network grounding]

v To prevent damage to the human body in case abnormal voltage occurs at
the time of network fault

v To minimize damage of network facilities in case of fault

v To protect network facilities and customers’ equipments in case of lightening

‘Copyrighe 2014, Tokyo Elecc Power o . Alights esenved

ding of arresters)

» Earthing / grounding on EETS

Con Regulation value Object (e.g.)
Aclass | For HV or MV equipment | 10[Q] Lightening Arrester (LA)
HV equip.

B class | For Voltage rise of LV equip. | 150/1g[Q ](*) DT
by a confused MV fault Ig: primary-side

contact current of one-
line ground fault
C class | For LV equip. over 300V 10[01(%) LV equip.

D class | For LV equip. up to 300V | 100[Q ](*) LV metallic pole

Messenger wire

(%):These value are in TEPCO's case.
“The values depend on the breaking time of network.

Regarding grounding of LA and B class grounding,
e applying common ground system is available.

T oo s o e
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Rules, Regulation for network grounding Chapter.2 Network Grounding in Japan Problem, Difficulties
» Common ground system Grouping management TEPCO has mountainous & rocky area where it is difficult to get
of grounding low grounding resistance. (We have the same problem as you!!)
Common TEPCO's supply area
ground wire p S T
Problem and Countermeasures 9 5
3 Difficult area for grounding
in Japan (mountainous & rocky)
Easy area for grounding
Ry Ensuring the regulation value (seaside & loam)
in an area within the radius
centered the DTs
Maximur radius: 500m
Common ground system can make each resistance target high
B Corpnonto 2014 Tokyn Elctrc P Con. Al s resrved w oyt 2014 Tokyo Sl P Co,nc. Al gt s
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Countermeasure (1)

Countermeasure (2)

Countermeasure (2)

> Devising the construction way
Resistance Reduction agent

Boring method
Reducton
Agent

Grounding

penous

By making the layer of gel around | By using special boring equipment,
the grounding pole, grounding a grounding pole is spiked into
resistance can be reduced. 20m~70m depth

This agent reduces 50-70% of This method is very effective, but
grounding resistance costs very high. (about 10,000USD)
semipermanently.

Copyighto 2014, Tokyo Blectic Power Co, . Al ights esarved

> Proper of grounding

TEPCO measures all grounding resistance at the time of installation, and some
of them regularly.

target Period of measuring resistance

« place with reduction agent
- every 5 years
« place where the previous measured value was more
than 60% of regulation
- every 5 years
« the other
- at any time
After installing/repairing grounding, twice regular
measuring must be
The other at any time

A class grounding
8 class grounding

‘Copyghte 2014, Tokyo Elecrc Power Co,nc. Al .

TEPCO manages grounding resistance by the computer system.

This system can record the result of measuring and simulate the
resistance to choose the proper way of installation.

Image of TEPCO's grounding management system

Date of measuring
~ Previous resull

- Result of this|time

Conyanes 2014, Tokyo Eecric Power o, inc. Al g reserved

Countermeasure (3)

Chapter.3 In-house Grounding in Japan

Grounding system in house

> Effort to ease the regulations
There is a third party “Japan Electric Association (JEA)” which
consists in manufacturers and utilities in Japan
[JEA's role]
v Summary of the demand for revision of EETS
v Researching about electricity equipments
Electric utilities (included TEPCO) have implemented experiments

about il of making the more rational. And
they have realized that through JEA.

e.g. Mitigation of regulation resistance of A class grounding in the
case when an arrester is in a B class grounding area

In-house Grounding in Japan

Standard

ternal wi Japan

fiewit breaker
Earth Leakaye Circuit breaker (ELCB)

e —

* Generally in-house earthing is separately installed (not connected
to) network earthing in Japan.

* ELCB is installed in almost all new residence in Japan.(99.7%)

= Copyige 2014, Toge St pover o
Chapter.4 Recommendation Recommendation
< Network grounding
* Adoption of common grounding system
* Proper of grounding resi
e.g. regularly measurement .
Pecammendation « Use of new technology Thank you for your attention!!
e.g. reduction agent
<_In-house grounding
* Proper guidance on in-house grounding for customers
* Promoting of installing of ELCB
‘We recommend you above things with considering the pilot project 000
— which Begana training center has i €9 TOKYO ELECTRIC POWER COMPANY

Copyightt 2014, Tokyo Electic Power Co, ine. Al ights reserved
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Outline of Priority Issue Solving Activity

l

Issue Solving Activity
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Relationship between Supplier
and Customer

# In case of general products
= Customer selects the product (supplier)
# In case of power sector
= General customers have no choice to select their
supplier
= Most citizens have no choice but to purchase the
product (electricity) with determined cost and
quality
# Less incentive for power suppliers to improve
the power quality or customer satisfaction

# Major Three Factors that Power Sector shall aim
4 Be gradually improved in well balance

When improving the
reliability, more cost is
required and efficiency

will deteriorate

When improving the CS,
more cost is required and
efficiency will deteriorate

Efficiency To reduce electricity tariff
(Cost) will contribute to
improvement of CS

Reliability Customer

satisfaction

If reliabiity is improved, the customer
satisfaction will be improved

Opportunities to utilize TQM
Activity

# Improvement of system reliability or
customer satisfaction with less investment
= There are some measures by ingenuity without so
much investment.
# Efficient Investment
= Plan with higher effect shall be prioritized
% Improvement of work efficiency

= Spare power can be utilized to improvement of
system reliability or customer satisfaction

Manager’s Role & Responsibility

Management
Policy / Goals

Feedback to
Targets/Plans

Performance
Evaluation

==

| What is Priority Issue (PI)
Solving Activity?

Objectives

4 The active and proper contributions of the
middle-class managers are indispensable to
improving the management situations at your
office.

4#:The main objective is to enable the middle-
class managers to tackle...

= Issues/problems to achieve their group targets /
the management goals

= Issues/problems that are significant in their
working places

Flow of Issue Solving

Identification of Issue

Grasp present situation

of measure |

‘ ‘A Identification of Priority Issue ‘

o identify the issue with the highest priorty to meet the given management
et

B. Establishment of improvement measure
To conduct activities from current situation analysis to establishment of
measure

\ ISy

I

Approval

[ Implementation of improvement measure |

8

C. Proposal to higher authori
To make a proposal to higher authority based on documents, explaining the-
measure and its adequacy

L
‘ D_ Indication from higher authority ‘

The higher authority will make comments to the proposal
Eus
‘ E. Approval of higher authority & ‘
o

measure

A. Identification of Priority
Issue

# Identify a problem/issue
= Look at things from customers’ viewpoints. (if you
are a customer)
= Think about what the ideal situations are.
# Issues to be solved with top priority to realize
visions of the company
= Improvement of supply reliability, Loss reduction,
Improvement of customer satisfaction, Securing of
personnel safety etc. (for example)
= Identify issue (theme) specifically

B. Establishment of Improvement Measure

[ 1. Evaluation, Quantification of Current Badness |
) o

\ 2. Cause Analysis |
pus

\ 3. Plan out various Measures |
i

‘ 4. Evaluation of Cost-Benefit Performance ‘
i

‘ 5. Determination of Implementing Measure ‘
pes

‘ 6. Establishment of Implementation Plan ‘

B-1. Evaluation, Quantification of
Current Badness

@ Use data, facts, and common words in order
to describe actual phenomenon precisely in
= understanding current situations,
= analyzing problems, and
= confirming impacts of measures / verifying your

assumption.

4 Understand things based on data, instead of
judging things only on speculation or in the
illusionary belief.

How to handle the data

#The aim of using data is to solve
problems, and to make people
understand easily and correctly or to
appeal to people.
= Step 1: Think about what you want to

describe, analyze, confirm, verify.

= Step 2: Think about how you should
handle or show the data.

“How to handle the data

#The use of data is to help right
understandings and prevent
interpersonal misunderstandings

#Data contradicting with your story
should not be neglected

#Unreliable data should not be used

#Data must be gathered in consistent
and sequential ways

B-2. Cause Analysis

4 Multi-aspect cause analysis
= To identify all considerable causes
= Fishbone diagram

# Evaluation of significance of causes by using
actual data
= Frequency of occurrence
= Magnitude of impact

4 Refine root causes in order to require
measures easily




B-3. Plan out Various Measures

#Measures corresponding with Causes
from many aspects
= Identify various potential solutions and
measures. The solutions and measures are
not only ONE.
= Get rid of your prejudice or bias against
the present situations.

_Examples of Various Measures

®Measures with less cost

#Measures which can be conducted
instantly

@Measures with large effect

#Drastic measures, even though it might
take a long time and high cost.

B-4. Evaluation of Cost-Benefit
Performance

#Evaluation of benefit

= Expected timing of the benefit to arise
#Evaluation of cost

= Expected timing of required payment

= Possibility of budget procurement
#Consider time value

= 1 Nu. (at present) # 1 Nu. (1 year after)

B-5. Determination of
Implementing Measure

#Comparison analysis & prioritization of
several measures

= Advantage/Disadvantage of application of
measures

= Cost-benefit performance

= Difficulty

= Amount of required resource to be injected
= Timing when implementation is possible

= Secondary (indirect) effects

B-6. Establishment of
Implementation Plan

@ Resource to be injected
= Budget, manpower
4 Timing and schedule of implementation
# Expected effect
# Other items to be considered
= Confirm that any other problem will not occur by
taking a solution/measure to be selected.
= Have a viewpoint that a selected solution and
measure will have large impacts if it is shared with
other people. (lateral spreading)

C. Proposal to Higher
Authority

#Preparation of presentation material

= Easily understandable explanation
+ Easily understandable logic
+ Straightforward storyline
+ Short-time, limited main points

= Easy-to-read documents
+ Effective use of figures & tables
+What is the key message from figures/tables

When you carry out PI Solving Activity,
Repeat Self-Questionings to achieve
good performance

=

. Are there still any other causes that result in
badness?

. Are there any alternative solutions, that you have
not yet found out?

~

w

. Did you compare solutions well enough in light
of cost and effectiveness?

&>

Did you prepare multiple solutions and analyze
them well enough, so that your boss can
compare and judge with your proposal?

“Issue Solving Activity

4 Work should not always be done only by
yourself
= Instructing Junior Staffs for Information gathering
= Brain storming with other managers/officers
= Discussion with higher authority

4 Not special work (Routine work)
= Always consider to improve current situation

4 Make story and logic to convince higher
authority using data & facts

“Issue Solving Activity

#Not only beneficial for the company, but
also for you
= Save time
+ Family benefit; Enjoy private time
= Save money
+ Money benefit; Increasing your wage
#Don't give up solving problems or issues.
= There are many measures

QC Tools

Data Management
and TQM Tools

July 2014
Tokyo Electric Power Company (TEPCO)

Contents

1. Significance of Data Management

2. Items of Useful TQM Tools

1. Significance of
Data Management

Why Data Management is significant?

_Data is necessary from viewpoints ...

1. Survey actual conditions
and Analyze phenomena 3
2. Establish Action Policies m
and Do Decision-making reasonably
3. Check the proceedings Sp
P\
and Control the direction a

Quality Management must be based on Facts

[Bad Management

- based on Experiences, Intuitions

- impossible to reach Corporate
Target

Good Management
- based on Facts
(Data, Actual Results,
Information or Common words)
- possible to reach Corporate Target

Advantages of Data Management

" Data Management enables you to
quantify the Quality.

® Quantification helps you to
deliver the information accurately to others.

® Quantification helps you to easily share
problems and avoid others’ subjectivities.
® Proposals established on Data
have the power of persuasion.




What are the TQM Tools? TQM Tools (7 Tools)

1. TQM Tools are techniques applied in quality o Pareto Diagrams

management activities.

o Cause & Effect Diagrams

2, Items of Useful TQM Tools o Graphs

2. They are applied in order to identify problems,
compile information, get ideas, analyze
factors, devise solutions to problems.

o Check Sheets

o Histograms

3. Using the TQM Tools is not a Goal. o Scatter Diagrams

They just help us understand the problems.

o Control Charts

7 Tools

7 Tools ‘ @ Pareto Diagrams

Name Purpose haracteristics & Image Name Purpose & Image Q Purpose is to find out factors of the p
o Grasp the data
1| prareto :elm Te mportance o[PS et o ssch e dispersion. Bar charts of the frequenc Example No .
Diagrams (Srasp the importance of |, ot of accumuiated values 5| Histograms |Grasp the ebution e, ey System Loss data’ 125 . 100
characteristics of T System Loss | 1. or | comuatne | cumiine po
distribution. 6o | " item | e | o % 100}
Pursue the cause of the ranstormer .
A C‘é‘;‘ e;"‘ problem. Final effect is linked by - See the co-relation A |inbance %0 © & 75
Diagrams |SOrt out the knowledge | the associated causes Scatter | PetWeen two Plot diagram of tw = 5 [rower et 2 12 oo 50
9 of causes and effects. 6| Disarams |Parameters. parameters, each of which is = 50
o Study co-relation and alotted to X-axis and Y-axis. C Jsoppeanews | 0 | 1z e
Facilitate to grasp the » - 0 |Loose connection | 3 125 100% 25
3| Graphs [information of data Circular graph, Bar chart, Rader @ ,@ | 125
through visualization. Facilitate to grasp the G

information of data o

A B C D

Control  [through visuali

tion.  |Line plot dependent on time,

check |Faciltate the data Spreadsheet or records for easy [T L] 7| charts |Manage the process. |with regulated limits' lines. 0 Put Simple Bar diagram in descending order,
4| gheets |collection and the data |data collecting and less- . — Analyze the problem in and draw a cumulative line plot
orting- mistakable format. the process. 0 Easy to grasp the “dominant factors” of the problem,
n
. . ® Cause & Effect Diagrams
@ Cause & Effect Diagrams @ Cause & Effect Diagrams 9
;i - " g " " "why Car Accidents
0 Purpose is to arrange “Causes” & “Effect (Result] h n K
,_uf_t:g_lzrohlem g ( ) Points to Remember when constructing Diagrams [_-_] PP“-“
) J . bl Road Car Manmaclunnq badness
Example Large Bone Small Bone | 0 Brain storming session Is a principle rules
to list up “Causes” Falling objects Bveakduwn
Middle Bone | O “Group is more Rough surface Nu maintenance
i
f than “Individual thinking” Hiotoas
Back Bone : Effect Human, animals Why Car
O Repeat “"Why"” over and over again Accidents happen
with all Participants No days off £—— Shortsightedness
=] Writ:a “ Effect (R:'esult) " on the right side O Use as few words as possible Fatigue Family circumstances
of a "Back Bone Busy work Lack of Sleep
QOWrite classification of "Causes” at the end of O Reach a team consensus \ \
"‘Large Bones” Driver Disordered Sleep Custom to sit up late at night
Qwrite “Causes” into “Middle” & “"Small Bones” 3 15
1
@ Histograms @ Histograms ® Histograms
Q Purpose is to see the Dispersion and the Average How to Construct a Histogram Example to Construct a Histogram
ta n a &
Example Y Q Step 1: Collect Data Q Step 3: Make up a Frequency Table
Q Step 2: Find Maximum and Minimum of Data No. [ Boundary of Interval [Center of Interval| Tick Frequency
Canter vo - Arrange data in the Matrix style 1 43.85-44.25 4405 Y 2
- Find Maximum and Minimum value in each column (row) V| wmmwe | we M
- Find the Grand Max. and Min. from the marked values 4| 4s0s5-ss5 w2 I 2
ntervals of measurea values 1 Soure Dimensions of Products A [mm] s | asas-ases s AT %
of interv. W1 471 456 X452 047 458 048 44 KHBO 41 6 | 4585-4625 4605 7 At JIL 1
Q X-axis for Intervals of measured values, 62 468 51 4se  ass 457 462 w9 452 456 7| de2s-ases was [/ 3
Y-axis for Frequency within each intervals 1 puslselue ket tome et e ogal e 0| wwoaos | s AT :
0 Histograms give information as below; o1 n Cies oume e me a1 el wm o | arosaras ax [J] s
S s owme w7 @z w1 @5 o o7 s mr s 0| aras-ares ass [/ 4
(1) Center of the Data (2) Amplitude of dispersion ws xasz 453 4S5 413 461 469 461 455 446 A | ires uade Pty N
S we 453 &7 xesz 57 453 xes xez 1 450
(3) Shape of distribution W3 460 4S8 483 4S9 M9 4L 450 XSO 451 Tota] 100
(4) Existence or non-existence of Abnormality 445 455 xd50 450 457 wase 457  4sa 452 ase Example : Width of Interval = 0.4 mm

(5) Deviation from the Standard Ranges

0: Maximum value of each column, X:Minimum value of each column

@ Histograms
Example to Construct a Histogram
Q Step 4: Draw a Histogram

@ Histograms

A Regular Shape £ Comb Sh'xpe

@ Scatter Diagrams

_OPurpose is to examine the relationship

T e f it EE e
has relations to well- ac mv o bad mkmgm

C_Two-Humped Shape . Cliff shape

between two variables

Yeaxis

» Example
5. Outer Island Shape = Skirt shape .

© Failures in measurements This ype s prenomena o -

2z or erfoneous adjustments feauens icident. or the ] ‘

2 in machines put out this : 3

§ s " cases have physical

H 1) e of Histogram constreints on one side

g

i

[

2005 aass s deds 4725 aa0s fom)
was sz aoos aess a1
Dimension

This type is where Data
was collected right after
some arrangements or

refurbishments are done

Completely different type
of two elements, such as
equipment, measuring
ways, put out this type

O_tighland shape

This type includes Multiple
groups of data, which
have different Average
values

Itis important to get a clue
from the Shape of Histograms
for solving the Priority Issues!

Xeaxis

Transformer Unbalance

OPlot the points where X & Y intersects

@ Scatter Diagrams

Tool Selection Guide for 7 Tools

Tool ce
Estimation of Scatter N Control | Pareto | Histo- | C2uSe- | Seatter- | chocyc
o. | Sequence Graph | “hart | chart | gram | Cffect e sheet
bnormal points, which deviate from the plotted group of procedure diagram | diagram
v
Identification of ©
1| sarcnan, | O . [e] ° [o]
Understanding ofthe | @
2 p-slemnmmx and Bar chart, (o] o (] o (o] L)
Fot seting -
between two variables  [preparationaracion | ® Thank you for your attention
| v - Gantt Chart
. L]
4 | Analysis of element Bar chart, [-] [e] [ ] [ ] [ ] [ ]
. . « Study on and
Figure 2-A_Positive correlation  Figure 2-8 Negative correlation Figure 2-C_No relation 5 | implementation of (] [ ]
v v |
Confirmation o th
HC R+ R °l°
y . 5 Standardization and i
e 20 7 | eswbilshmentot o | e o .




Exercise: QC Tools - Basic of Statistics

JICA Technical Cooperation Project

Improvement of Efficiency for Rural Power Supply Phase Il L@cturer

Exercise : QC Tools
- Basic of Statistics -

Lecture

Table of Contents

v Review of Items of Useful TQM Tools

v Exercise :Histograms
v’ Exercise : Scatter Diagrams

v' Exercise : Control Charts

Lecture

1. Items of Useful TQM Tools

v Attention
July 2014
Tokyo Electric Power Co.
4 .
s
7 Tools
What are the TQM Tools? TQM Tools S
8 a - Pareto [seec the ik Lsues. [I———
1. TQM Tools are techniques applied in quality : 7 Tools Diagrams - e potot
management activities. o Pareto Diagrams causeang [P thecovse o teprobem. |
o B . Cause & Effect Diagrams Y and et I

2. They are applied in order to identify problems, - 9 O — S

Graphs |of data through visualization. chart

compile information, get ideas, analyze
factors, devise solutions to problems.

3. Using the TQM Tools is not a Goal.
They just help us understand the problems.

o Graphs

o Check Sheets
~Histograms
 Scatter Diagrams

~ Control Charts

Numeric Data Analysis 8

Spreadsheet or records for easy
ita collecng and lss.
mistakabl format

Faciltate the data collection and
Check Sheets | tne data sorting.

Histograms
Gistrbution.
o isgram o o param
oScater | parameters. each of which s lltted t0 %
oGS | Study comelation an regression. | s and .o
Faciltate o grasp the information
ization. ume
Control charts | yanage the process. it regulated s ines. E |

Lecture

2. Exercise :Histograms

Lecture

@ Histograms

Q Purpose is to see the Dispersion and the Average

it
Y

Example

Frequency

X
Intervals of measured values Boundary value
of interval

Q X-axis for Intervals of measured values,
Y-axis for Frequency within each intervals
Q Histograms give information as below;
(1) Center of the Data
(2) Amplitude of dispersion
(3) Shape of distribution
(4) Existence or non-existence of Abnormality n

Exercise 1 Making histogram (1) | Question |
Make a histogram and explain your graph to
your audience.

4 20 Men's heights (raw data)

No. [Heights (cm) |No. |Heights (cm) Hints

1 158 11 166 # Min, and Max

2 163 12154 4 Class interval (10cm)
3 [139 13 [165 # Mid point

4 |1s7 14 [148 « Tall

5 [156 15 [172 Tally

6 |14 16 [156 # Frequency

7 152 17 [162 # Relative frequency
8 |176 18 [167

9 [154 19 [181)

10 [149 20 [159

Wrappin

Exercise 1 Making histogram (1) | Question | Exercise 1 Making histogram (2) [ questio ] Y -
Make a histogram and explain your graph to When class interval changes to 5cm from 10cm, e g |
your audience. make a histogram. E: ol

Cldss No Class Midpoint | Frequency Relative R ——. o

intervals Frequency Frequency g e

1 135-140 Histogram [interval=Scm]
Class Class | Midpoint | Frequency | Relative | Accumulativ 2 140-145
N intervals Frequency e 3 15150
1 130-140 b 4 150-155
2 140-150 5 155-160
3 150-160 5 160-165
4 160-170 7 165-170 = smooth
5 170-180 How relative frequency density probabili

8 170-175 Y
s 180-190 may be approximated by a density function
ol 9 175-180 probability density as a sample size

= 10 180-185 increases, and cell size decreases.
Total 1
Sl s Lecture SPread of Distribution Lecture Spread of Distribution Lecture
Spread of Distribution . i il
mVariance View of Variance and Standard deviation

mVariance

DOvariance: o'* =

Ostandard deviatiol
DOCoefficient of variation: c=o’/ 7

Above the distribution (or data),
mean, median, and mode are same,
but different spread of distribution.

PR 2

HESS :);[r -y

A random variable, probability distribution, or sample is a measure of
statistical dispersion, averaging the squared distance of its possible
values from the expected value (mean). Whereas the mean is a way to
describe the location of a distribution, the variance is a way to capture
its scale or degree of being spread out.

OStandard deviation : o

A measure of the variability or dispersion of a population, a data set,
or a probability distribution. A low standard deviation indicates that
the data points tend to be very close to the same value (the mean),
while high standard deviation indicates that the data are “spread
out” over a large range of values.

DOCoefficient of variation: c=o '/ T
A normalized measure of dispersion of a probability distribution. It is
defined as the ratio of the standard deviation to the mean. 17

Variance

1 .
=——75 (Difference)?
N-1 ad

Use the Square

\| Variance

= Standard deviation




Spread of Distribution [ Lecture]]

Normal Distribution

— Probability density function

sy = e

To understand standard deviation, keep in mind that variance is the
average of the squared differences between data points and the mean.
Variance is tabulated in units squared. Standard deviation, being the
square root of that quantity, therefore measures the spread of data about
the mean, measured in the same units as the data.

For the normal distribution, this accounts for 68.27 % of the set; while two
standard deviations from the mean (medium and dark blue) account for
95.45 %; three standard deviations (light, medium, and dark blue) account
for 99.73 %; and four standard deviations account for 99.994 %.

Spread of Distribution Lecture

Histogram [interval=10cm]

-
S

Frecuency
Relative frecuency

o N » o ®

130 140 150 160 170 180 190
Height (cm)

Exercise 2 Variance [ Questior
(Spread of Distribution) o

(a) Calculate mean, variance, and standard deviation

(b) Find out abnormal (extraordinary) value

No. | Heights (cm) | No. | Heights (cm)
1] [1s8 11 [166

2| |63 12 [154 Ovariare*=

D e Ostandard deviation : o *
4 |is7 14 |148

5 |15 15 [172

6 [144 16 | 156

7 |12 17 |162

8 [176 18| 167

9 |14 19 |181

10 149 20 |150 o

3. Exercise : Scatter Diagrams

@ Scatter Diagrams

ther i i

0 Purpose is to
T two variables

Example Y-ais

ATC LOSS

Xeaxis
Transformer Unbalance

O Plot the points where X & Y intersects

@ Scatter Diagrams
n of Scatter
bnormal points, which deviates from the plotted group

Estim:

- Aorormaivalues

(2) Examine the relationship

. x x x
Figure 2-A_Positive corelation  Figure 2-8. Negative correlation  Figure 2-C_No relation

Figure 2-D. Strong Figure 2-E

Lecture
Correlation coefficient

Covariance

1 + ju;
Nz (XX (YY)
+ +

<

+ Positive correlation

_ Negative correlation
i 2o

@ Scatter Diagrams Lecture
Sample Scattered Diagram for “Electric Power Consumption
(A) and Maximum Transformer Electric Current™

=T N

A

\

] .
.

+ It may be noted that the electric
power consumption and the
maximum transformer current
have the positive correlation.

~ The masimum rasformercrrent s s

e st e consumpton nreases

Maximum transformer current
T

L L L L L L L
0 1,000 2,000 3,000 4,000 5000 6,000 7,000 (kw)

Lecture

Correlation coef nt

)
17 B BT

ST (6 X) (YY)

- B e fin rEunsr
Bonearrnsrennps S BA B

5 (& Xi¥i—n-Xmean -Ymear)*
2=

(£ XP=n-Xmear?)- (£ YF—n-Ymear)

Coefficient of Correlation r= T2

Scatter Diagrams

What is Coefficient of Correlation r

There is correlation

r=0.9

Electric power consumption £
Regression Analysis

I

) Lecture
Ordinary Least Squares method (OLS)
Regression Analysis is a technique used for the modeling and analysis

cg numerical data consisting of values of a dependent variable (response
variable) and of one or more independent variables (explanatory
ariables). The dependent variable in the regression equation is modeled
a function of the i variables, corre i

onstants"), and an error term. The parameters are estimated so as to
give a "best fit" of the data. Most commonly the best fit is evaluated by
using Ordinary Least Squares method (OLS)

¥

* | Regression Equation
L v terms is the least. This is OLS.

<

g

Y=a+bX+e

Best fit regression equation is
determined when sum of error

Deviation of the Regressi

i

2 XS Y-b(Z X )2-nZ XY+nbZ X2 = 0

a=(Z Y- bz X)/n

XiYi—n-Xmean -
a= Ymean- b-Xmean b L e

X —n-Xmear?

Exercise 3a (Regression Analysis)

" Calculate Regression Equation, and
Coefficient of Correlation

No. X Y
Wight Spring length
cm)
[©) (cm) Spring

1 S 13 length(cm)
2 10 14
3 15 18

4 20 19 Weight (g)
5 25 22
6 30 26

Exercise 3b (Regression Analysis) | Question

( tion between Load factor and transformer temp?

(2) What is prediction of temperature when load factor is 100%?

2

]

Lecture

4. Exercise : Control Charts

® Control Charts Lecture

O Purpose is to see whether the cond

¢, status or not
Example
F /\\

ns are in preferable

0O UCL (Upper Control Limit) & LCL (Lower Control Limit)
are statistically determined on either side of Center Line

O No abnormality in dispersion, then condition is STABLE

O If points are outside limits — indicates unusual causes

)

® Control Charts Lecture

Control Chart for “Blood Pre
for Half a Year” (X-R chart)

Sample Chart

T AT TS 2005 W
s bl presir valus
.~ Upper Control Limit I "
=y
S1303
L
=134
=125
ueL
10 =123
° o
P o
5% 11 > s e
(Dispersion) N o =46
Central Line
h

1234567 8 9101112131415

Group number (day) -

Exercise 4 (Control Charts)

Make Data Analysis and find out the extraordinary
phenomenon to prevent major accident.

Standard Deviation = 2




Lecture

5. Attention

b o Lecture
When you carry out PI Solving Activity,

Repeat self-questionings to achieve good performance

1

. Are there still any other Causes that result in Badness?

~

. Are there still any Alternative Solutions, that you have not
yet found out?

w

. Did you compare Solutions well enough in light of Cost
and Effectiveness?

~

. Did you prepare multiple Solutions and analyze them
well enough so that your Boss can compare and judge
with your proposals?

Lecture

The points are as below, when you wrap up your
Achievement Report

4 Quantitative description of your Issue

4 Quantitative Verification of Adequacy of your proposed

countermeasure

# Cost-effect comparison among several

Countermeasures

Basic of Economic Analysis

JICA Technical Cooperation Project
Improvement of Efficiency for Rural Power Supply Phase 11

Basic of Economic Analysis

July 2014
Tokyo Electric Power Co.

Table of Contents

Review of PI Solving Activity

Introduction of Evaluating Methods

1. Return on Investment (ROI)
2. Simple Payback Period (SPP)
Time Value of Money
Life-Cycle Cash Flow

Risk Consideration

3. Net Present Value (NPV)

4. Internal Rate of Return (IRR)

SEYEE Y AY BB

Practice 1, 2

2

Review of PI Solving Activity= ]

A. Selection of Study Theme

To select the issue with the highest priority to meet the given management target

| B. Establishment of improvement measures. |

To conduct activities from current situation analysis to establishment of

L

C. Proposal to management class
To make a presentation to the management class based on documents, explaining
the easure and its adequacy

fuk

D. Indication from the management class
The management class will make comments to the proposal

Bk
E. Approval of management class &
ion of i measure

Lecture

Review of Pl Solving Activi
B. Establishment of Improvement Measures

‘ 1. Evaluation, Quantification of Current Badness ‘

‘ 2. Cause Analysis ‘
as

| 3. Establishment of Countermeasure Plans |
iy

‘ 4. Evaluation of Cost-Benefit Performance ‘
0

‘ 5. Determination of Implementing Countermeasure ‘

Lecture
Review of Pl Solving Activity

14, tion of Cost-Benefit Performance
or Cost-effectiveness, Investment efficiency)

Economic analysis is an important tool for
decision-making

o2

5

Lecture

Introduction of Evaluating Methods

#When evaluating the economic efficiency
among several countermeasure plans (or
projects), the most commonly used
methods (indicators) are: ROI, Payback
Period, NPV and IRR.

#Both NPV and IRR are better techniques
than ROI and Payback, because NPV and
IRR favor long-term, and hence more
risky projects that power utilities like BPC
should be doing.

Lecture

Introduction of Evaluating Methods

T Comparison of major methods

Lecture

1. Return on Investment (ROI)

Lecture

1. Return on Investment (ROI)

4For instance, a $1,000 investment that

e value Ufeh'CﬂVE‘e Risk Easy to #Return on Investment (ROI) is the ratio earns $50 per year generates more return
of money | cash flows ) : 4
e B B o Yes of money gained on an investment than a $100 investment that earns $20.
o1 relative to the amount of money invested. However, the $100 investment earns a
Simple Payback Period | No No No Yes #ROI refers to the rate of the profit higher ROI.
o (S"”:v | - o e . against the amount of investment. It is
et Present Value o ;
T thus usually given as a percent value. $50 / $1,000 = 5% ROI
Internal Rate of Return | Yes Yes Yes No 4ROl = Return from investment / Cost of $20 / $100 = 20% ROI
(IRR) investment
7 o 9
Lecture i

1. Feature of ROI

# Cash flow is a measure of cash inflow and-outflow which

riteria @®How profitable an investment is .
@Higher ROl is preferable to lower ROI.

Advantages “4Easy to understand

“Simple calculation

Disadvantages |#Time value of money (interest rate
and risks) is not considered.

“Does not indicate how long an
investment is held. Indicates an
annualized rate of return.

| Tecture

Topic: Cash Flow (CF)

T rom a income-generating project.
# Net cash flow refers to the excess of cash inflows over
cash outflows (the amount of remaining money) in a

given operation or a certain period of time.

4 It is a measure of economic efficiency but does not
coincide with the accounting term “profit”.

# The table below is an example of cash flow statement:

Exercise (ROI)

Net cash flow on $1,000 investment

[ year [ 0o [ 1 ] 2]
[Net cash flow| 51,000 | s100 | 90 | se0 | ss0 | s40 |

Calculate the ROI of each year:

[ year T o [ 1 [ 2T 3] a]5]
ROl | - [ 0% [ 9% [ 8% | 5% | 4% |

12




Lecture

2. Simple Payback Period (SPP)

#Payback period (PP) refers to the period
of time required for the return on an
investment to “repay” the sum of the
original investment.

#For example, a $1,000 investment
which returned $500 per year would
have a two year payback period.

1

Lecture

V 2. Feature of SPP

Criteria #How long it takes to pay foritself.
#Shorter payback period is preferable
to longer payback period.

Advantages +#Easy to understand.

“Simple calculation.

Question
Exercise (SPP)

How long is the payback period?

Year 0 1 2 3

Net cash flow | - $3,000 | +$1,500 | +$1,000 | +$1,000

Disadvantages | #Time value of money (interest rate
and risks) is not considered.
“#Ignores the cash flow after payback
period.

14

3,000 = 1,500 + 1,000 + 500
= 2.5 years

15

Time Value of Money

4| Congratulations! You have won a cash prize. You

have two options:

Option A. Receive $10,000 now

Option B. Receive $10,000 three years later.

4 You would choose to receive the $10,000 now. It
is better to have it now rather than later. But why?

4 Actually, although the amount is the same, you
can do much more with the money if you have it
now: over time you can earn more interest on your
money.

Time Value of Money
Option A and B

year year year year
1 2

Present Value Future Value

Interest rate

OptionA  $10,000 $10,000 + Interest

Option B $10,000 - Interest (Discounting) $10,000

Discount rate

Time Value of Money (FV)

#For example,
= Present value: $10,000
= Interest rate: 10% per year

= Future value (FV) becomes $11,000
(1 year later)

Present $10,000 = Future $11,000 (1 year later)

_Exercise (FV)

If you choose option A and invest the total amount
t a annual rate of 10%, calculate the future value.
After 1 year : $10,000 x (1+10%) = $11,000
After 2 years: $11,000 x (1+10%) = $12,100
After 3 years: $12,100 x (1+10%) = $13,310

$10,000 x (1+10%)° = $13,310

Future Value = Cash x (1+Interest rate) No-years
FV = Cash . (1+1)" i

Exercise (FV for each Interest Rate)

value of $1 'n’ year(s) later = 1 x (1+r)"

Interest rate (%)
n 5% 7% 10%
1 1.050 1.070 1.100
2 1.103 1.145 1.210
3 1.158 1.225 1.331
4 1.216 1.311 1.464
5 1.276 1.403 1.611
6 1.340 1.501 1.772
7 1.407 1.606 1.949

Assuming interest rate of 10%, what's the future
value of $100 at year 7 (seven) ? = $194.9

20

Lecture
Time Value of Money (FV)
Image of Option A
Compounding
Interest Rate (10%)
Future Value
$13,310

year year year year
0 1 2 3

Present Valie
$10,000

Lecture

Time Value of Money (PV)

% Present value (PV) is the current worth of a future
money, discounted to reflect the time value of
money by using a specified rate of return.

# Future money is discounted at the discount rate.
The higher the discount rate, the lower the
present value of the future money.

4 Receiving $10,000 now (A) is worth more than
$10,000 three years from now (B), because if you
had the money now, you could invest it and
receive an additional return over the three years.

2

Lecture

~Time Value of Money (PV)

#For example,
= Future value (1 year later): $11,000
= Discount rate: 10% per year
= Present value becomes $10,000

Future $11,000 (1 year later) = Present $10,000

2

Question
Exercise (PV)

If you choose option B with a discount rate of 10%,
calculate the Present Value.

fter 1 year : $10,000 / (1+10%) = $9,091
After 2 years: $10,000 / (1+10%)2 = $8,264
After 3 years: $10,000 / (1+10%)% & $7,513

Present Value = Cash / (1+Discount rate) No-vears
PV = Cash / (1+i)"

Lecture Lecture
Exercise (Discount Rate) ;
value of $1'n’ year(s) later = 1 / (1+r)" q Tlme Value Of Money (PV) ‘m\/alue Of Money (PV)
Discount rate (%) resent ”“i"m “urlsl iater 3'“]’ e ve:lls before 1y=l|rh=fm= Present. 1 year later 2years later
n 5% % 10% T T T ! ! ! J
1 0.952 0.935 0.909
2 0.907 0.873 0.826 $100007 (1+10%) = 49501 $10,000 /(1+10%) *= sa,m@i
3 0.864 0.816 0.751 $10,000 $10,000
4 0.823 0.763 0.683
5 0.784 0.713 0.621 $10,000 / (1+10%)? = $8,264 Q{ $10,000 X (1+10%) ? = $12,100
6 0.746 0.666 0.564 $10,000 $10,000
7 0.711 0.623 0.513
Assuming discount rate of 10%, what's the present $10000/ (1+uokey’ = 47,513 {
value of $100 at year 7 (seven) ? = $51.3 g $10,000 P
2
Lecture Lecture Question
. . Exercise (LCC)
Time Value of Money (PV) Life-Cycle Cash Flow (LCC)
e & 4 For example,
: ®Life-cycle cash flow (LCC) is an analysis = Construction : $300M
Image of Option B . i .
of the total cash flow of an investment = Electricity Sales : $80M
Future Value (FV) plan or project over its service life, = 0&M ::320M
year  year  year year i allowing a comprehensive assessment of » Life-cycle : 7 years
0 1 2 3 anticipated cash flow associated with the Calculate net cash flow of each year on the table below:
Pre:;?’;l';e (PV) plan or project. Year 0 | 1[2]|3|a]5]6]7
- #Factors commonly considered in LCC Investment 13001 0 | 0 | 0 101010 |0
analysis are initial investment, sales Sales | 0 |0 80 80160 60|80 80
Discounting 0&M 0 20 | 20 | 20 | 20 | 20 20 20

Discount Rate (10%)

incomes, O&M costs, financing costs and
expected life of project.

Net cash flow [ -300 ] 60 | 60 | 60 | 60 | 60 | 60 | 60 |
»




Lecture
Life-Cycle Cash Flow (LCC)

Cash flow diagram of the said example

CICTETCICIEIrd

Time sequence (life-cvcle)

Net cash flow

Investment

Lecture

Risk Consideration

@ Risk is inseparable from return. Every investment
involves some degree of risk.

Present Year1 Year2 Year3

-$1,000mil.  $105mil.  $95mil. smnmn.
-$1,000mil.  $50mil.  $180mil.  $70mil.
-$1,000mil.  SOmil.  $250mil.  $50mil.

U i g i
Net cash flow
#Risk is the possibility of a return being more
different than expected.

Topic: Discount Cash Flow (DCF) Analysis®c“™®

@ For power utilities, the investment efficiency evaluation
es a long-term viewpoint, taking into account the

life-cycle cash flow of projects or investments, which is
inevitably accompanied by the time value of money and
some degree of risks.
@ |Discounted cash flow (DCF) analysis is the one that takes
into consideration all of the above three concerns. The DCF
analysis consists of two methods: NPV and IRR.
@ The process of investment decision-making by using DCF

analysis is as follows:

2. Convert to PV 3. Calculation
L. All future cash flow™> with discount rate NPV or IRR)
(Life-cycle cash flow) ~ (Time value & Risks)

@ DCF analysis is widely used for power utilities to evaluate
the economic efficiency of long-term investment.

3

Topic: How to Set a Discount Rate?

# Theoretical definition of discount rate are:
= Expected rate of return for investments
= Time value of money + Risk-considered return
= Cost of capital (financing cost for investments)
4 In practice, we can appropriately set a discount
rate by referring to:
1) Interest rate charged by a Central Bank on a loan to a
member bank (What is Bhutan's rate?).
2) Interest rate of short-term Government bond
distributing in the country.

3. Net Present Value (NPV)

#Net Present Value (NPV) is the standard
method for profitability analysis of long-
term projects or investments.

#NPV refers to the present value of
expected future cash flows (inflows),
minus cash outflows (initial investment).

#Time value of money is taken into
consideration by setting a certain discount
rate.

ES

3. Feature of NPV

riteria ®NPV > 0 : Acceptable

NPV < 0 : Not acceptable
#The larger the NPV, the better the
project.
#Can be applied to compare two or
more mutually exclusive projects.
@Takes into consideration the scale
of investments.
Disadvantages |#Setting a discount rate is difficult.

£

Advantages

. . Lecture

3. Steps in Calculating NPV
1), Calculation of expected cash inflows and out flows
2)| Calculate the net cash flow per year

3)| Convert each cash flow by using discount rate,
then summate each of obtained present value

3) NPV by 1) Expected
discounting <:I]I <::|]l CF statement

2) Net CF
per year

FR | O -
, (=]
=l ssom. |fssomt. | soun. | ssoma. | ssomt. | saom.
g | o | s | s | s | s | s
wir \| oy [ e | e | | | e |

Ed

Lecture
3. Formula of NPV
NelCF‘ CFy ‘ CF, ‘ CF, ‘ CFy ‘ CF, |
NPV:CF0+07F_11+ CF,22+ CF_33+- + CF_"
@+iy @+i)*  @+i) @+i)"

|va‘ PV, ‘ PV, ‘ PV, ‘ [ ‘ ceee PV, |

Where
i - Discount rate
CFn: Net cash flow at year “n”
Net CFr= (Cash inflow)n - (Cash outflow)n

8

3. Exercise (NPV

_Cash flow statement of an investment project,
with a life-cycle of 3 years.

[ vear Tor) [1cm) | 2cr) [ 3CF) |
[ Net cash flow | -$5,000 | +$2,000 | +$2,000 | +2,000 |

If the discount rate is 5%, calculate the NPV.

NPV = -$5,000 + $2,000 A $2,000 I $2,000
(1+5%) (1+5%)° (1+5%)°

<> $446 (NPV is positive : the project is acceptable)

30

3. Exercise (NPV) Cont. [ Question |

-1 the-discount rate is 10%, the NPV will be...
$2,000 $2,000

AL 4 __$2,000
(1+109%) (1+10%)° (1+10%)°

= -$26 (NPV is negative : the project is not acceptable)

NPV = -$5,000 +

NPV varies depending on the discount rate.

NPV

4. Internal Rate of Return (Hﬁ%{“ﬁﬂ

# Internal rate of return (IRR) refers to the discount rate
4 the NPV is zero.

# A hurdle rate, the minimum required IRR that must be
met to undertake a particular project, is set as the
benchmark rate.

# If IRR is higher than a hurdle rate, a sort of go/no-go
threshold (often same as capital cost or market interest

rate), the investment may be accepted. "

Lecture

4. Feature of IRR

Criteria #IRR > Hurdle rate : Acceptable

IRR < Hurdle rate : Not acceptable
#®The higher the IRR, the more
profitable the project.

Advantages #Profitability can be easily ranked in

terms of rate of return.

Disadvantages |#Scale of investment/project is not
considered.

4, Exercise (IRR
Year | Expected Cash flow Present Value
i=6% i=8% i=10%

0 - $1,000 - $1,000 - $1,000 - $1,000
1 $300 $283 $278 $273
2 $200 $180 $171 $165
3 $200 $168 $159 $150
4 $350 $277 $257 $239
5 $200 $149 $136 $124

NPV + $250 + $57 +$1 - $49

What is the IRR? 2 IRR= 8%

Lectur

‘ Lecture

Topic: Microsoft Excel Functions — NPV ‘

# Suppose that a $1,000 investment will generate $300 cash flows at the
- f the next five years:

4 | First, select B6 and type: =NPV(12%,C4:G4) and we will see the answer

is $1,081.4. Note that we did not include the year 0 cash flow in the

function. The NPV function will automatically discount the cash flow of

year 0, even if it shouldn’t.

Second, remember that the NPV, according to the actual definition, is

calculated as the present value of the expected future cash flows, minus

the cost of the investment.

4 Then, we need to subtract the $1,000 of the investment. Therefore, the
formula to calculate the net present value is: =NPV(B1,C4:G4)-B4 and
the answer is $81.4.

*

41

Topic: Microsoft Excel Functions — IRR

4 Calculating-the IRR is easier, because the IRR function automatically
takes the initial cash outflow into account. IRR function is defined as:

IRR(range, estimated IRR)

*

Note that the “range” is a series of net cash flows, including the initial
investment. The “estimated IRR" is optional and generally isn't needed.
Thus the function in B6 is: =IRR(B3:B3).

As seen above, the answer is 15.2%. This means that if we implement
the investment for $1,000 now, the compound average annual rate of
return will be 15.2% per year.

.

Data Management




Data Management

Maximum Load Factor: 68.1%
(18th-June 18:00)

[=+=Load factor ——0il temperature —— Ambient temperature |

(eg ©)

- 68.1%

Maximum Oil Temp.: 86.4 deg-C
(17%-June 15:00)
[—+—Load factor —— Oil temperature —s— Ambient temperature

(Deg C)
100% 100

86.4 deg-C
A\ 9

80%
60% "/'(/‘\\‘\ 0
e ~
a0 )
L/./\_' 2

80

20% 20 200%
July 2014 . . o o
0 6 12 18 24 0 6 12 18 24
1 Time (hr.) Time (hr.)
2
Information

Information

#Maximum load factor: 68.1%
= 18™-June 18:00

#Maximum oil temperature: 86.4 deg-C
= Less than limit (90 deg-C)
= 17%-June 15:00

#Peak hours: 12:00 - 18:00

4 0ff-Peak hours: 00:00 - 06:00

Histogram of Load Factor

40-50%: most frequent occur

] N=240

lm. ni

0-10% 10-20% 20-30% 30-40% 40-50% 50-60% 60-70%

5

#Average load factor: 44.9%

#Mode: 40% - 50%

#Minimum load factor: 26.6% (except
stop)
= 30t"-June 00:00

Load Factor (%)

B A At A Iy

iayaray ﬁAﬂMM

TR B '

Load Factor and Oil Temperature

Load —a— Load —e— Oil temperature Oil temperature
Factor (Deg-C)

80% ————— Oil temperature is gradually

/\\ decrease after shut down 70
60% I A 60
VAN
Py \ w 40

40%

Recommendation &
“Information

#We should investigate the reason why
this transformer stopped in detail.

#We should investigate the influence at
customer in detail.

#Availability: 94.6%
= 30days x 24hrs = 720hrs

20% 20% 20
H 39 hours Stop 720 - 39
0% 10 — . =946%
720
16-  17- 18- 19 20- 21- 22- 23- 24 25 0% [
Jun Jun Jun Jun Jun Jun Jun Jun Jun Jun 16-Jun 17-Jun 18-Jun
.
.
Not Working Meter

Doubtful Data
B iy

[Za—oil temperature —+— Ambient temperature]

(deg C)
100

- AAAJU\[\
“VIW‘V'V%/V

20 v K“

7Jun 8Jun 9dun 10- 11 120 13- 14 15 16
Jun Jun Jun Jun Jun Jun Jun

“Recommendation

#We should check data logging
procedure.
= How to write data log sheet every
day/hour by operators
= How to check data by supervisor
= How to make monthly report

(deg ) [Sa—oil temperature —s— Ambient temperature |

o KSSNSINNIN N el

21- 22 23 24 25 26 27- 28 20 30
Jun Jun Jun Jun Jun Jun Jun Jun Jun Jun

“Recommendation

Relation between Load Factor
and Oil Temperature

Relation between Load Factor
and Oil Temperature
Pl

. To neglect abnormal data (Deg C)
*We sh_ould check _O|I temperature (Delgocy 100 = 11207 + 5.8986
metering system immediately. y = 62.508x + 27.979 ) R’ = 08804 P
' - g
= Meter o 80 R-=0405 P M 2 e
k ER g 60 o
= Connecting cable % 60/ g =
e 40
= Sensor £ 4J 5
- : 2 on |
= Mechanical system (at data conversion) 3 \\ 20 Strong correlation
20
o
0 0% 20% 40% 60% 80%
0% 20% 40% 60% 80% Load Factor
13 Load Factor 1
Relation between Load Factor

and Oil Temperature
Pk

(Deg©)  When load will increase 75%, Oil
120 temperature will increase over limit

100 | 90deg-C

Yy = 112.07x + 5.8986
R = 0.8804

il Temperature
2
3

75%

0% 20% 0% 60% 80% 100%
Load Factor

“Recommendation

#We cannot supply electricity when load
factor increase more than 75%.

®We should start to study for increasing
supply capacity immediately.
= To install cooling system (fan)
= To install more transformer
= To replace transformer to bigger one

Other Information




Relation between Load Factor
“and Temperature Difference

(Deg C)
60 y = 88.863x - 11.472
R?=0.9931 /
3 40
13
k]
5
20 Very strong
correlation
0
0% 20% 0% 60% 80%

Load Factor

Relation between Ambient
Temperature and Load Factor

60%
g
8
@ 40% o
El - .
g 440, y=oows+o1es

20%

Weak correlation
0%
20 25 30 35 40

Ambient Temperature (Deg-C)

Thank you for your kind
attention

Exercise: How to use Excel effectively?

How to Use Excel Efficiently

(on the presentation)
(Review for more impressive Presentation )

15 July, 2014
JICA
TOKYO ELECTRIC POWER COMPANY

00 -
€9 TOKYO ELECTRIC POWER COMPANY
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1. Purpose for this Presentation.

1. Purpose for this Presentation.

2. Reviews of the previous presentation.
3. Explain for some Excel Function
5.Summary

- Looking back presentation of the PI report
meeting of September last year, and we think
about more effective way for some figures
(graph) on presentation today.

-Introduce some Excel function.
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Il Custoner Survey Resulie Trongsa [='strongly agree m Agree = Neutral M Disagree W Strongy disagree |
O 0% 26 W AD% SO 6% TO% 8% 9% 100%
Thimphu
5 T
Trongsa
¢ § Thimphu B
sF
£8 reiang
© 2 Tongsa
Ty ?‘§~ Thimpha
) s i iy itirml it Compeer to three items of each three ESD’s customer satisfaction H
about “0&M”, “Complements Management” and “Meter reading, 227 Trongsa
billing situation”
“ o -
“ e A s 2o T N Al
2.1C After p—
. 1 Case study 1 2. 1 Case study 2 Original

Rearrangement

2.1 Case study 3 & 4

[ S aree P & e B rcree B tvongy asaore

We can easily understand the customers

easily to compare three ESD's situation

v Almost all customer of these three ESD are satisfying tier service.

v Tongsa ESD: Three item are hi compaired with other ESD.

+These three items seems to related to each other.

+Trongsa ESD seems has some trouble at O&M, Tsirang ESD seems has
ploblam at meter Reading, Billing and paiment. Etc.

o

for three items, and

2014 ok Biric Power Compars INC. Al it Rserved

Good practice

L Cost Implications- Monthly
additional cost (Nu)y

I
a0,
1000

s

e
0,000 .

Pt 5 o] Y B St

PR

i<}

2014 Togo Bt Per i

Case study 3 & 4
Theme 6b (Pl Final presentation)




2.1 Case study 3 Original

After

2.1 Case study 3 Rearrangement

2.1 Case study 4 Original

We can easily understand detail of the UG Cable fault.
But Presentation time is very short, so audience can't understand “causes of
Outage”.

[}
o014 Toky Bitric Power Campars, INC. Al Rt Reserved

Average 3.450
Variance 1.3583

What point we should focus?
We think outage duration of the UG Cable is most important point.
In this case, Histogram of Outage Duration is more impressive for audiance.

)

The size of the pie chart is related to the amount of money.
More effective to explain the amonut of money when using a bar graph.

o

2. 1 Case study 4 After

2. 1 Case study 4 After

2. 1 Case study 5

More effective to explain the amonut of money when using a bar graph.

We can easily understand the benefit what introduce new equipments and

use it.

V1f will use new fault detecting equipment, There is a possibility to ensure
the interests of 393 thousand Nu as abenefit. Etc.

Case study 5
Theme 9‘ (at PI Final presentation)

PRIORITY SOLING ACTIVIIY -0 jcp)

Tiemwt &

Y Gy Az meaid

Subiee
G5 I RPC
5
213

2.1 Case study 5 Original 2.1 Case study 4 (D Qi
1t
GISIGPS manr bn HPC Jl.u'
Scatter chart suggests,
Whether are there existing correlation between two values?
This bar chart just shows “Man power Distribution of GPS/GIS user in BPC". ;‘Vtar::g‘;y as‘)e' the asymptotic curve
But if r chart (rearrangement) ...
t if we use scatter chart (rearrangement) VThere are no relation GPS user and GIS user in BPC each division.
) T

3. Explain for some Excel Function
3.1 Economic analysis(IRR, NPV)

3.1.1 NPV: Net Present Value

3.1.2 IRR: Internal Rate of Return

3.1.1 NPV: Net Present Value
Case Studay : Purchasehof UG Faulty point detector
.1 sheet

Table How much is Present value at
G Pty ot e so00000 [ o the time of the consideration of
e o UG P s o pmow | the 7 years after of this

— om0 | o 2

Sereinmungtsngrew aomen porvew | 0000 | e
s e 100w | pecanage
- BTN 206,000 (Appx.)
Gremoran | 1 Table 3.2 NPV Caluculation sheet
T p EI ) F I 7 [ T o
(’m‘;’ et s, JJLJL o o o o o 0 o o o
et (49 120000 | 120000 | 1200000 | 1200000 | 1200000 | 2200000 | 200000 | 120000 | 1200000

putcansiss | ony |3 ammon | 1200000 120000 | 1200000 | 12000 | s2mm00n | 1200000 120000 | 120000
" 000

v 9550 | 26t | 1asasen | Lo e | ai00ki | 208708 | Tesess | Larades | 1arsir

[}

How to use IRR Function

=NPV($1$1,31$5:N5)

1% step : make a NPV Function sheets

take a quote of equipment, Calculation of benefit about every year
2m step : caluculate NPV used by the function of Excel
3 step : Management judgment/Proposal to the higher authority

)

2014 Tokyo et Powee Compary: INC All ighs Rserved.

Case study : Purchase of UG Faulty point detector

Table 3.1 sheet How much is the Benefit will
G ity pom gt somoo[w ] return at the 6 years later?
[ r— 025 | por o
e em—— o _ .
St natusn v casmmen perver | 120009 |

6%
Table 3.2 IRR C sheet

o e[ [ o] s e[ [ ] o] w
) aonom | s | vavaen | i | e | vzonom | s | amon | v
& PSRy [P Y P Y PP, p— - pp—, pr—
)

3.3.2 IRR: Internal Rate of Return

3.2 Statistic analysis
3.2.1 How to make histgram

3.2.1 How to make histgram

2014 Tokyo et Power Compary. INC. All ighs Rsered.

How to use IRR Function Calucutated by Excel function 31 stap Statistic Value
1st stap 2nd stap
[Edter range.
Sdction range] H
=IRR($1$5:N5) E_asy to get
histogram and datas.
1t step : make a IRR Function sheets
take a quote of equipment, Calculation of benefit
2% step : caluculate IRR used by the function of Excel
31 step : Management judgment/Proposal to the higher authority
5 B - -
) - Appendix. W s
_3.2.2 Correlation coefficient _ Example of the statistical software calculation output - summary
S — D ey i When you use the Excel chart in a presentation,
o5 | =08 o 5 © consider what you want to express.
L A If effective use of the various functions of Excel, and
1 coefficient @ lead to simplification of your work.
- e " If you want to make a more complex statistical
L analysis, we recommend the use of statistical software.
W We are expecting further development of BPC, and we
% will support from Japan.
Right click on the value M
Add Trendiine V Multivariate linkage diagram
1 We can get relation of the data ea: v
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Presentation Materials

Theme 1

N Team Member
{ WELCOME } j'i'CA} Outlines As per the executive order, 59/BPC/DCSD/JICA/2012/112

from the office of the Managing Director the following member

- Team Members were SEIech'f}(.j;rhinley Gyeltshen,
g around HoD, TD, Thimphu
Work done (Advisor)
Mr. Cheten Tshering,
. . . . Yot Engineer, SMD K/Lung Mr. Pema Tashi,
Protection Coordination in s e (Team Leader) Engineer, ESD,
Trashigang S Mr. Tshewang Rinzin, Thimphu (Member).
Manager, CMTD, Begana
By ot wnd Busal (Coordinator).
Team 1 mpt | ementat on Mr. Penjor, Sr. Supervisor,
long form Solet ESD, T/Gang (Member). -
Mr. Fujitani, JICA
‘ ° Experts
Background
T
-History of =
non Tripping || | BHUTAN B, Frustrated ‘
of feeder M - .
e Constmers?22??
during faults. 0Ssses 10
-Respective
feeder do no EPC’)’)?’)? A
clear its own guipment (Asset)
fault Damage??32?
0 v

What we Team Observation Contd.

dividual feeder

“Either the 33KV I/C 7
Chenary or Kanglur
during heavy fat
Interview with operatc  Interview with ope  jtorview with
and Supervisor, ESD  and Incharge, A Manager & operator for
Trashigang for 33/11kV. kanglung 33/11KV Wamrong S/s.
Chenary Sis.

56 Relays at 132/33/11kV K/Lung SS
AL g
18 Relays at 33/11kV Wamrong SS
— e wy, . Functionality tests of Relays

33/11kV 33/11kV .
25va v 3 Relays at 132/33/11kV N ngklhor S; were satisfactory.
1akvBus L — Few Relays/Auxiliaries were
Relay Setting Data Collections
sty 25MvA : defunct.
Txr. Chenary \ \ - o
sibsation Incomplete Wiring for breaker
WORKING METHODS S DATA ANALYSIS )
FINDINGS FROM DATA ANALYSIS
-] D 0] ase

Observe the

Coordination [
between 33kV [
ge Upstream &
b2 Breaker and [
63 33kV £
Downstream &
Breaker. g
'y | @
/ N
Findings of Causes from Data Main Cause Solutions for the Causes

Defunct Poor Checking

Equipment

Defunct
Relays

Incompetent/Skill
ed personal

PROTECTION
OORDINATION
PROBLEM

EFFECTIVE
Use Software
for Simulation Solutions PROTECTION

COORDINATION
w'mu tre
b Sam Complete

Tripping
Circuitry

Proper

Imprope
r Setting

e Tripping
Circuitry.
e Factors causing the coordination problems

° 4

Factors causing the coordination problems




Main Solution : Rese®tEIREDEREmANalysis

Case Example
After data
analysis,
resetting was
done and
shifted the
curve of
Chenary
(Upstream)
Feeder at
Kanglung
@(Downstream)

Cost Analysis for Relay Setting and Coordination

Particulars

Nu.10,000
10 days = Nu
coordination

materials =

Replacement of
defunct E/F relays and |7

OIC relays CDG 31 and Nu.165,080

Nu.48,200

Income for April : Nu.248052.0
Assuming outage of 5hrs due to poor Relay
Coordination;

If all feeders trips, loss

=(248052x5)/(30x24)=Nu.1723.0
If Thungkar feeder trips,
l0ss=(12061x5)/(30x24)=Nu.83.75
Here, in this case we save by almost 20 times the
revenue.

Implementation schedule

n all other ESDs works
will be done by
engineers trained on
Protection.

CAPE Software for Protection Engineering

The power that protection engineers need
C omputee-Aided Pratacton Sngineecing) sowars is suit w]

Oataise £ty

oot et

‘eaiguteers Lesponslzi 1 profactn af Nt vnitage watmILS|n
systems Biscir power s

» Dstailac modinng Capnilies 64580 20 & ngls bpEn

' Stipport faf s8mAQ compsEx mader dipits isfays

Find snpaers in e
tzeed o0 produrtuily
rigebeneness, Iscmes)

1. The protection coordination team suggests a dedicated
protection and control unit to start with a dedicated
engineer under O&M Manager at DCSD Head office.
He/she must guide and facilitate other trained engineers in
the regions (preferably in RM offices). In future it can
become a division under a /department or wing.

2. Succession Training has to be done.
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PI Protection Coordination Team would like to

acknowledge the following ;

« All the JICA experts who contributed in the progress

of the teams work, through feedback, etc.

Sr. Consultant, DNCD, BPC for providing guidance

and for sparing your valuable time with teams queries.

Ton La, P.E, LA Engineering. “Relay Coordination

Study”, 2005.

« Varadarajan,M. “Protection of Non Grid feeders”.
TNEB, 2001.

Authors of “Transformer and Transformer-Feeder
protection”. NPAG, 2007.

e To all those who helped us directly or directly in this

.

.

.

.

Endeavour.

Theme 2

—
// / 7l Background/Reasons for
OUTLINE Theme & Members selecting this theme
A | | |« Operational Problem:
\I 1. Members/Theme Standard/Guideline on Installation ~~ -Difficulties in locating and isolating fault
2. Background for selecting this theme | of Fault Locating and Switching -Excessive “trip/close” operation of SS breaker
. -Taking too long to restore the supply (lowers
3. Selection of feede_:r aﬂd reasons Devices/Equipments in MV SAIFI/SAIDI)
4. Current badness in this feeder Distribution System -Low customer satisfaction
5. Causes of badness « Lack of proper standard for installing different
distribution equipments
6. Counter Measures . -No uniformity in installing switching and
(ARCB,LBS&Fault Indicators) protection devices
7. |mp|ememati0n plan o N . - -Difficulties in preparing BoQ
1 3
2
4 Single Line Di ~~ |Reason for selecting 33 kV
{
Ingle Line Diagram feeder
| Identified area: \\ e Praiita ea AN { fine
| ESD, Wangdue | | ke k bine engen fmoe
1h3 kv 77.00 0
1 5261 0
. Nahi 1 7316
Identified system: ada Tk 607
Samtengang kv 53 kM Omtekha [12.953
33 kV feeder No-lI i m@
otal 66.26
> Longest line length (scattered lines)
> Highest customer base
> The most affected feeder (Interruption)
> Most difficult geographical terrain
* Most of the 33 kV feeders in other ESDs are
similar to this feeder in terms of terrain,
I vegetation, line length, switching/protection
Rubesa Area ea equipments etc.




EXISTING  SYSTEM O Avorecser

Time taken to travel from office

Current Badness g e 10 LBS switches
uso | L8s ESD office to LBS Place Type of road
’ 50
1. When ever there is fault, breaker at Cow gt s o Tine (4n) ‘Mﬂliqdue T
the source will trip and all the 7 - T L2 7.00 Bridge [Highway
. - 2748 L3 25.00 Rubesa Highway
consumers fed from this feeder are O e s w T e L4 20.00 Raguna eeder road
ks g Consteyvalley L5 30.00 feeder road
affected o L™ T L6 50.00 eeder road
2. Fault location is not known 20| Ratsava L7 40.00 :af‘ey m?d .
) - ighway feeder
3. Restoration has to do on prediction - satsim L8 60.00 achey road
H 1 i | _Sameoang L9 150.00 Khotokha feeder road
bas!s by operating LBS time anq . [ PR 110 90.00 Khelekha lHighway
again and frequency of interruption is Gt e o __ssoun [ET] 12000 |Rachawa __|Highway/ no road
N ™ s chuzomsa 3 g L L12 150.00 D Highway
high o 1101k 13 &14 180.00 Dangchhu___Highway
i i i PRy [Highway/ feeder
4. More Duration of interruption s 210,00 Rukhubi bood
B Fusa 5
8
FAULT AT EXISTING O  Auorecloser
o PO

LBS to LBS travel time

B Faulingcator
7/ Loag Break swich
158

Gfs ‘°#fnse(mmj Mode o travel Type of road =N “:;M )
L1-12 7___ |y vehicle [Feeder road £ Tosenn
L2-13 28 by vehicle Highway/Foot path B 27.48
i 163%m 0., " " =
L3-14 42 by vehicle [Feeder path tor—3] i
L4-L5 7 by vehicle [Feeder road o L e
L5-L6 25 by vehicle [Feeder road/Foot path snﬂT Ratsawa
L6-L7 10 by vehicle [Feeder road
L7-18 40 |by vehicle road/Foot path sasim
[V
eeder road (cannot go during s
L8-19 80 |py vehicle Iraining) by walk 6 hours o 4301km
lby vehicle 30 mins and| cuzomsa 335 B
L8-L10 45 jalk 16 mins Highway! footpath 11801km.
lby vehicle 30 mins and|Highway! feeder road! foot S 347km
L10-L11 60 jalk 30 mins. ath Bayulandra
L11-112 60 by vehicle Highway/ feeder road Rubesa.
- 1
. . ; Reliability Indices at present
Fault locating Exercise/Time y Indice p Causes of current
Existi situation
(Existing) badness
e e e - fault at Sephu area As per practical experiences
rmrT EPra—y = v « Breaker at the source tripped « Inadequate testing equipments
e - « All the 3620customer will be affected « Inadequate fault isolator/ indicator in the system
e = « Longer the line distance, difficult to trace the fault
: L :m - « Scattered system, most difficult to detect the faulty
Sl line.
b e m £ Reliabilty Indices SARL SALDI « No access road leads to delay in line patrolling/
b o e L. restoration and transportation of Crews,
1 Under ESD Control 6.17 7.33 equipments & materials
— . = « Bad weather condition
[Total number of customer in the feeder 3620.0¢ y
onfo poow e bee fSum of customer interruption duration (Customer « Bad road condition
nterrupted * Duration) 245953 « Difficult environment and terrain
13 [Total number of customer interrupted 1832 15
14
Fish bone Cause Analysis . I
l Y l Cause Analysis Distribution System
A. Beyond Our control i Lengthy Lines L Tt
i. Natural Climatic i. Too Many spur lines AT e
A Vi i, Environment ii. Wide Area network e
B problems
ii. Road
Outages o
3 A. Within Our Control
= e s ot oo e Inadequate fault
Thick vegetaiion [Conaiyroms | | Widoaeanewor | i Manpower*'l These will have o q A
N i atie [T o — d isolators/indicators
— ii. Faciliies | BRI (solvable cause)
[cengiryines |
N ~— iii. Distribution System
[T ] [ Roas ] network
16 18
17
A. Auto-Recloser ; :
Counter Measures Protection Functions/Features
A. By Installing Auto-reclosers
i ) » Over current
B. Installing Fault Indicator
c. ARCB and Fault Indicator * Earth fault
« Under and over voltage
« Under and over frequency
« Inrush Restraint
» Negative Phase Sequence (NPS)
Installed « Cold load pick up
6" Sept 12 « Live Load Blocking
» Loop Automation
19 21
20
Metering Functions/Features Generally Used for: Generally used for....
i Voltage i. Clearing transient faults to reduce iv. Segregating faults between two
i Current frequency of outage experienced by areas or ESDs.
ii. Frequency customers at source end of long v. Generator control
iv. Kilowatt (kw) feeders vi. Loop Automation in tie lines
v. Energy(kwhr)-Weekly, Monthly ii. Used to prevent urban consumers vii. Can be used for switching station or
vi. Apparent Power(KVA), Reactive being affected by faults in rural areas substation
power (KVAR) in situation where feeder serves both
Ji. Power factor urban and rural customers
Jiii. Outage recording ii. Used to segregate lines which has
» high fault frequency-Eg. Dagachhu o

nroiect line 23




33 kV Switching station at
Duksum, Trashiyantse

-Two Incomer, four Outgoing

Channel Mounted 33 KV Breakers (33/11 kV SS)

33 KV breaker in 33/11 KV S/S with 33/11 KV transformer

25
i . N o recoser
33KV Pole Mounted Breaker protecting a 10 MVA Cost Comparison between conventional Dangen Fault at S:g'cusmaw"h E|| ::mmw
33/11 KV Transformer N . N
substation and substation with Auto- 7 Lonasreskoicn
ns
Recw rs a0
i. fSAuto-Reclosers u, [
o o ke
1 33KVAutoRecosers 6 1,000,000 6,000,000 s il
2 1B3%m 1y, s T S oo
2 10 Meter Poles 16 10,000 16,000 o 3 macag
3 Channels, fittings etc 50,000 wq M, n LTI
6,210,000 5.047[ Ratsawa N
Total
saism
i i o7
ii. Conventional Substation T . aaasn| | S
e | s e
1 33KV switchgears with 6 1,797,867 10,787,202 O e I [~
CT,PT,Relays, commissioning o 180tk
2 civil Works. 7,015,480 5347km -
—
3 Earthing, LV ac system, etc 361,278 ubosa
28 Total 18,163,960 0
29

Reliability Indices with ARCB

Reliability Indices Comparison

s sp = e s « Fault at Sephu area
* ARCB-4 tripped Sl Reliability Indices SAIFI SADDI
. el POV PO P P * 420 Customers 1 Existing System 6.17 7.33
N o Reliability Indices without ARCB 2 With ARCB 012 1.02
N s Improvement with ARCB
om hoo [l Lo s 20 hottoom bl #|  Reliability Indices SAIFI SAIDI
010 {undoses 15 closes fiosed losed bt g 2 1 Under ESD Control 0.12 1.02
[For
ame|
Bate hoss b Lo bows  bines o et a [Total number of customer in the feeder 3620.00
ISum of customer interruption duration (Customer
interrupted * Duration) 3675
a1 [Total number of customer interrupted 42 23
32
Cost Implication for this wn N S B. Line Fault Indicator and
ere to use Autoreclosers?
feeder LBS
1. if the line length is more than 20 km from the T-
off or Mid point (more customers, passes through
1 Auto-reclosers 2 1,000,000 2,000,000 PR . P N
similar terrain, possibility of more transient faults
2,000,000 etc)
2. Useifitis for Loop Automation
3. Use if itis for substations
4. For others short lines where there is possibility of
transient faults, tie lines between two ESDs,
urban-rural segregating line etc. it can be used
case by case.
34 36
| 35
Advantages of using Fault Advantages of using Load Break Switch
Indicator
-« It will indicate faulty section of the line « Faulty section of the line can be
« Cheap further narrowed by isolating with LBS
B « Cheap
Model HESI-FG HESI-FLG HSFI-FS HSFI-FLS ° Easy for InSta”atlon « Eas' fOr InStaHatiOn
Applicable 6-35kV 6-35kV/ 6-35kV. 6-35 kv y
voltage .
Applicable  16-400sq  16-400sq  16-400sq  16-400'sq Disadvantages
wire cross-  mm mm mm mm i . Disadvantages
section « It will not isolate the faulty area
Timesof  Over5000  Over5000  Over5000  Over 5000 . . . » Have to operate manually
actuating » Crew has to do visual inspection
Maximum 4000 m 4000 m 4000 m 4000 m
elevation
Indication Red flag Redflag+  Redflag Red flag +
mode LED flash LED flash 39
38
- Fault at Sephu area with O Avoredoser X . - -
“E o~ Fault dicator Fe Travel time from Service Outage time with Fault
7 tosamesksutcn A .
ol centers to Fault Indicators Indicator
T s e
. o e e loste _frme_jmin) _fos ko ace frected fauttoscion __|pemar
= e m 3 S o Dangehhu Senvice  L13and L14 15 "
o L ek b g S Center sl osed_fopen __pacasciosed _bez0 _|vot known Jthin i
5087] R o o Sephu Service Center  L15 30
Ao Samtengang Service L6 and L7 25
satsin| P —
o7 B saenig, S Wangdue Service 13 30 b hep | e s o e et i
P 5 - o Center
w .
© o 11.801km
5247
senie e —
e
fubess
40 42




Cost Implication for this Recommendation for LES and Fault
Reliability Indices Comparison feeder

quipment | Nos otal(Nu)

Sl# Reliability Indices SAFI SAIDI 1 Fault Indicator 15 45,000 675,000 v Install LBS after every 10 kms (Existing standard)
1 |without Fault Indicator (Existing)|  5.06 6.79 v Install LBS & Fault Indicator on spur lines having
2 with fault Indicator

675,000 more than 5 km
v No fault indicator after ARCB

Improvement with fault

Indicator .
v depend on the probability of faults
v As per customer base
» Fault Indicators must be installed in the visible
areas
43 45
44
— Fault at Sephu Area with O Auorecoser
ARCB and Fault Indicator Faut ndcaior
: §
C. ARCB and Fault Indicator R -
1188 Reliability Indices Comparison
|
~Install two ARCBs 3 N
~Install 5 fault indicators e Sl# Reliability Indices SAIFI_|SAIDI
uz BTN 110 g, 5 Lo 55755 whoi 1 Existing System 6.17 7.33
L are Sl 2 | With ARCB & Fault Indicator 0.12 1.02
, My LTI
9047) Ratsava Improvement with ARCB
sasm
o7
T o s e
2 - ! 6.852km s
a - 4300
O] e auomsa aggen
oy 11.801km
astin
Bayiandra
46 Rubesa 48
47

Cost Implication for this .
Comparison Proposal

.“ g ot e
- — - — — ith ARCB &| B. Installing Fault Indicator
uto-reclosers sl sl Reliability  [Existing (Only IWith Fault  [Fault c
Indices ILBS) |With ARCB |Indicator [Indicator
2 Fault Indicator 5 45,000 225,000
2,225,000
ISAIFI 5.06 0.12 L .12
ISAIDI 6.79 1.02 [5.55 [1.02
+*+ Since Auto-Reclosers have been already purchased through RE,
actual cost implication is less than Nu. 0.225 million
[Cost 2™ [0.675M 2.225 M
49 51
50

Implementation Plan: 1
Implementation Plan

o
* ARCB is already purchased by RE. Mm_

Can be installed this year itself : :pp‘puth:v(:(‘k Than k you
« Fault Indicator-ESD Punakha already ~ [colection materals rom
purchased fault indicators, can be losaion
used for this pilot project. 7 | tonitrin o the prect
***Thus, should be able to implement e E:WK‘";'“‘W
this year itself! | monitoring of the project
-Study with other feeders from different ot
regions. 1 b ot to o
-Present during review presentation »
52 s 54

Theme 3

for Correct Reliability
Indices fromCustomer




BT A

Indonesia ~ Malaysia  Philippine  PEA LECO BPC
1998 2008 2008 2008 2008 9

Power Bil  Response
Particulars Supply  delivery 3
Reliabily  ontime  complaints

479 460 4,60 448

BPC staff
behavior

Importance level rating of
service:

411 4.43 3.96 413
Difference in Gap 068 017 064 0.35

ices
Satisfaction level rating of
services

it 1 Utility &
Customer

New Format

Difference in
Reliability
Perception

Manual Data
Exclusion of Planned ]
Outages

~—

=

m SAIFI (Current Practice) | SAIFI (New Practice)

April 2012 2 2

May 2012 091 444

June 2012 1 278

July 2012 1 7.43
m SAIDI (Current Practice) | SAIDI (New Practice)
April 2012 0.66 1

May 2012 1160 1628

June 2012 125 6.8

July 2012 35 428

I

Jan.2013 to
Dec.2013

“increase
in distribution voltage level”




Theme 4

PI SOLVING ACTIVITY

UM PRESENTATION OUTLINE

>
w TEAM MEMBERS } > Present Problems with regards to energy loss
»  Current methodology for calculating loss
t. ghana Shyam Tamang, DCSD (Team > Case Study - ESD Lhuentse
eader) »  Causes of High & Inconsistent Energy Loss
2. Lobzang Yeshi, TD (Member) »  Fish Bone Analysis — Causes of Loss
TOIDENTIFY REAL TECHNICAL 3. Kinzang Lhamo, EDCD (Member) »  Approach adopted for Determination of REAL TECHNICAL LOSS
LOSS OF DISTRIBUTION SYSTEM 3 i > Relevant Formulas for Numerical Calculation of Technical Loss:
o S UTION SYS 4. Kinley Gyem, EDCD (Member) > Identification of Pilot Feeder
5. Sushil Pradhan, FAS (Member) »  Single Line Diagram of Pilot Feeder
* J > Determination of Technical Loss using Numerical Method
. Sangay Wangdi, FAS (Member) > Results
»  Conclusion/Recommendation
JICA EXPERT: JUNICHI OHISHI > Future plans and benefits -
FRSEIALE 1 2 FazsEIALE
BACKGROUND — = ——
1. Determination of Technical Loss of the Distribution System
1. Energy Loss is REVENUE L 0 BPC. - - - requir_es a detailed study of power Ioss_lhal take place in the
ergy LOSs IS UELOSS to BPC 5. ;{frﬁﬂc% Iaunsds tt:(;gceotnscit;t)ltngftr‘;t‘::h“e’:ir‘:;“:e;;: dF;SIrSe d":ﬁ: electrical DISTRIBUTION network mainly due to the flow of
current.
2. In 2011, Energy (MV & LV) loss: 31,393,773.27 kWH the loss (MV& LV) significantly from 16% in 2004 to T :
Loss (MV & LV) in Percentage : 6.38 % 6.38% in 2011. Electrical Distribution Network consists of:
Approx. Revenue loss: Nu. 53.400 million = = > MV and LV Lines (both overhead and underground)
6. For further reduction of loss, it has become necessary to > Distribution Transformers
3. 1% reduction in loss (6.38% > 5.38%) set REALISTIC YEARLY LOSS TARGETS for > Service Wires
Revenue saving : Nu. 8.4 million! different ESDs. Difficulties involved:
0.38% reduction in loss (6.38% > 6'00%) . . . : Imll CI\?:en:rfll‘ol\:\,nr‘\,geln.the network is not constant and
Revenue saving opportunity: Nu. 3.2 million!! 7. BF"C §hoqld determine the allowable Technical Loss in the assumptions are necessary
Distribution System. 2. Distribution network is very vast and difficult to map
4. BPC needs to reduce energy loss to reduce revenue loss.
Faseanion B
S 43R 191 zS
R FHSFIAL08 5
Revenue Savings with 1% Loss Reduction- excluding ESDS with loss less than 5%
DivISIONs | L0SS U | Revenue oss [Revenue 1055 with 15 Present Problems with regards to energy loss: 1 [
011) | (million: ) reduction in loss (millions Nu.)
umthang 12.41% 014 = —— — fo oss
Dagana 10.00% 018 » BPC’s distribution network has grown in size over the years. Its
slephu o o= distribution lines is over 9,500 km and the total number of
huentse 14.12% 005 distribution transformers installed stands at 3,233 as on Dec’11. Energy * gy Sold
fongar 11625 o6 Loss% = 1 x100
Pemagatshel 28% 0.07 » Yearly Aggregate Technical & Commercial (AT&C) Loss of t
Phunicholng | 030 > different ESDs - very inconsistent
amtse 0% - Where, Energy Input = Total energy billed by TD +BPC’s Internal Generation|
Jn:gkhav ‘3: g > BPC is not able to set REALISTIC YEARLY LOSS TARGET Energy Sold = Energy billed to customers
rashigang =
for different ESDs.
Tonica e = % Problems with the current methodology:
g 5% o > No system of monitoring energy loss feeder wise. 1.Not possible to pin point the section which is contributing to high loss
ngdue 34% : 2.As a result, difficult to work out any suitable counter measures for reduction
’%%[i?;:"s 36% éél’: 5337 4t 756 » BPC lacks strategy to reduce distribution system loss further. of loss
aseanen B
wazsesnion 8 ssosganion 9
{2 Jfea
CASE STUDY - ESD LHUENTSE
Feeder-wise loss analy: ‘Causes for High and Inconsistent Energy Loss :
Yearly Distribution System Loss in %
% Abstract
0 Purchase Sale > Not reading energy meters every month
- Inconsistent over Shno| Feeder | (\iay1 March'12) | (May'11-Marchiz) | (%010 + Reai oulati
= > Reading manipulation
. » 1| Lhuentse 1,653,402.00 1,411,904.80 14.61% g P
;" i 2| Tangmachu 404,660.00 220,620.80 45.48% »-Inaccurate or defective meters
£ // | 3| Minjey 204,860.00 179,462.00 12.40 » Reading time difference
5
) 4| Gorgan 847,114.00 685364.12 19.09% > Pilferage
= — | 5 | Colony 3591120 11,012.00 69.34%
006 2007 2008 009 2010 2011 Total 315340760 251582412 20.22
1012 364 063 218 &0 12858
smaswanion 1 apzmaanion =

FR25438108 1

i) FISH BONE ANALYSIS - CAUSES OF LOSS

.

n, [Lv Line Loss —»

Pilferage

I

Approach adopted for determination of REAL TECHNICAL LOSS
of DISTRIBUTION SYSTEM

> Identify a feeder for the pilot study
Map the details of the identified feeder (poles, conductors,

Relevant Formulas for Numerical Calculation of Technical Loss:
1. Power Loss in the MV/LV LINES & CABLES

Power Loss in the MV/LV lines and Cables takes place due

Reading [mv Line
3| Loss T transformers and customers) to the electric current that flows through them. Basicall
semn > Draw single line diagram of the pilot feeder power loss can be determined by: 12ri[w]
» Determine Technical Loss using various techniques
Copper Loss Where; W: Power Loss in Watt
§,}o » Weigh pros and cons of various methods and recommend the 1 Current [A]
T most suitable option r : Resistance per Unit Length [Q /m]
ron 1 L : Length of Distribution Line [m]
e = Ers— 15
e maasusnion 14
Jiea I Jifea

2. Concentrated load method:

3. Equally distributed load method:
W = N(r 12 L)/(3*1000)

Where; W : Power Loss [w]
N : Coefficient
N =2 Single Phase Two Line
N =3: Three Phase Three Line
L : Length of Distribution Line [m]
1: Current [A]
: Resistance of line per km line
km]
FasaIAnE 16

4. Power Loss in the Distribution Transformer

Lomtng af o7

+Tetal Power Lo of OT [W]
0, ¢ Copper Les at Rastes Dutput (W)
Wr = W, W, . Copper Lows [Changed by Losding) [W1

5 on Loss (Conmant Valug) (W]
we = (BTE w, Each cosfficient is specified by manufacturer

P2 Quipat [KeA]
T Output (W)

FH2FIALE 17

Identification of Pilot Feeder

ESD Lhuentse has 4 feeders and 2 generators and Minjey Feeder was
identified for the pilot study because of simple system.

=
-k
o
18




[l

=

[ el

Single Line Diagram of the Pilot Feeder DETERMINATION OF TECHNICAL LOSS BY NUMERICAL Transformer LV System
CALCULATION KVA Rating | !"opLess | Fulload [C""""" Maximum Line tength (m] | 1.500.1
- 16 kVA 75.0( 300.
Parameters considered : Lr = 20000 |nverage Lengt [ 300,
Feeder Parameters (N:m;! Feeder) | Daity boad e [Dote 137477813} DR = 130090 | Average number of Feeder 2
A2 NS e Conenif) Service Cable (4,6 & 10 Sq mm) generally used in rural areas
Loss Factor -
Fomun o | w000] | B [Resistance of 6 sq mim (Copper) cable considered 2] omein
Power Factor 1 E
a [Total customers of Minjey feeder 18 Numbers
[Line Parameters = - [Average length of service cable E Meters
esttance
| |1
Do
Rabbic 1
LV ABC 95 mm
[ v ABC sosq.mm | ]
Serves e 1357 91101517192123 |
FR2523A198 1 FR2SIRL98 21
Fiz5#3A198 20
Concentrated Load
Results of the Numerical Calculation L
OPTION - A
1MV Line Lass  (calculated section wise) w _
u: AR eyt it e [ wew | e UnTepe | Runce B ""“,;"' Tt L M
S | ot [ty | T gy inan Fred
1 w m Wi | DD m 1 ey
L ;I" :‘: ;': ! [ " e [ i i
= : Mok el e
O e Rt n = il ] z B
= 7 = v ¥ W | Dk | ww W 1
v = T [ i [ | 5 LG | NG ] T
Tl =) I
=] )
waaseanion 2 Fazswanion 2
wizswaA198 23
Distributed Load ABSTRACT
1
Tonds
Opliea® Eyaal Diirbaied Losd
L i w
£
w wE TP GV Ll Unelngh | Ty | LV Lo (] 2
s
i 0 ) b W i
o ) [T} w ) )
| [ ) [T " : [
v = w 1] [ o T NS S
[ B £ ) w ! [ -
& " » oum [] L W
T n )
g Y B
waaswanion 2 wazswan1on 2
wizswaA198 26
Option : B 1
gl o o
1. MV Line Loss : Same as Method A .1 1w e
2. Transformer Loss: Same as Method 2 N
Ine| may | (T Uit | bttt il B ot
, gk | G | G g | G | G
it R P lw T 2
ErTET— (S T I O
[ 5 = v [ wa | w | e oW E (e u
b b T i n [ [ [0 ¥ [i3 = [] i il
v [ CHIE L N I I N
v i w0 [T I 0 o
[ [aa 58 =
- = C i 5|
I 5|
! I 4. Service Cable Loss : Same as that of Method A Kwh
waaswanion 2 wazswanion £
wizswaA198 29
]
H Option : A]
Loss - when the load is doubled (Option: &)
<
'
£l
2|
a
o
8.4 Amps
=5
[rer——r——
) (Load doubled) et
5
£l
8|
B
o
wraswanion e sazswanion B
szs€aR198 2
- : A
u@ Conclusion/Recommendation \—M Future Plans and Benefits \—b
rechnical i iosd v 1 All the DTs of the pilot feeder can be metered . This will
echnical loss of the pilot feeder was calculated usin .
Numerical Technigue. Tv?o options were explored; Op(ion-Ag: help to compare the computed loss with that of the actual
Assuming average length of LV lines and Option-B: Assuming loss recorded by these meters. Th an k yo u
actual length of LV lines. 2. Ask all ESDs to properly map the distribution facilities.
= = = = 3. Once the distribution facilities are mapped by all ESDs,
Option -A is simple to and easier to compute technical loss. O r
The result of both the options are comparable. Thus, ) | . based he | .
considering the complexity of the network than the pilot 4. Set yearly energy loss targets based on the loss so your patlence
feeder , Option-A with distributed load method is computed.
recommended for computing technical loss of the distribution 5. Loss targets can be revised depending upon the load
Systam: 6. ESDs would be able to monitor energy loss feeder wise,
narrow down and pin point problematic areas so that
effective loss reduction measures can be implemented.
FH25EIN19A 34 TH2s5IA108 36
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Theme 5

Pl Activity on Improvement of
Billing and Collection System in
Rural Areas
Team 5

Bhutan Power Corporation Limited .

OUTLINE

»Team Members

»Reasons for Prioritizing
»Objective of PI

» Result of Site Survey
»Current Situation

» Causes

» Problems

»Options Available
»Conclusion

~ Implementation Schedule

Bhutan Power Corporacion Limited

Team Members

Mr. Akihiro Hayashi

Bhutan Power Carporation Limited

/

Reasons for prioritizing
<+ B&C is the core functions of BPC

< The present cost of MB&C is high
+ To maintain CSI of 3.7

< Within threshold of 3% for Distribution for O&M
(Employee  Cost, O%M & Administrative and Other
Expenses)

< Need to come up with cost effective solutions to improve
profitability and better customer services

Bhutan Power Corporation Limited ‘

_/
Result of Site Survey

» Monthly average bill : 61% below Nu. 100

» 79% of customers prefer on the spot payment

> 42% of customers are facing problems for making
payment (especially due to long distance)

» 61% is non holders of bank account (Those who are non
holders, 40% of them are willing to open an account)

» 70% prefers to pay using mobile voucher and the rest with
bank account

» 97% of customers agrees to send meter reading via SMS

» 99% of customers are interested to use POS facility for
bill payment

Iy

Current Situation
F lime allocation of Multitasking Staff

® Meter Reading & Bill
Distribution

m O&M and Customer
Complaint

= RoW/S/s Cleaning &
Line Inspection

wE,

Bhutan Poer Carporation Limited

st Cost of | Cost of

_/
Contd...

MBC Cost
ESD Tsirang
Expenses/

Meteri | Collectio | kwh
ng& [nf

g | customer

Kilkhortha 1,574
ng/Rangth
angling

491826 327,884

Tsirangtoe 69 3430 20053 852 0438 2899 oq

Contd...
MBC Cost
ESD Thimphu

si ven [Unit | Total |Costof |Costof |Expen

# ue Expen | Meteri
ses ng&

Billing
/
custom
er

280,332

Lanjopha
ka

2 Genekha 630 27399 222573 16689 2384 265 o007

Bhutan Pawer Corporation Limited s

/
Causes

<+ Scattered Customers (1 KM — 41 KMs from ESD)

< Low consumption
“ Limited Manpower
“ Higher cost of Electrification
* Tariff regulated by Bhutan Electricity Authority
Have to do Site Collection (Nu.70 — Nu.300)

Problems

» Meter reading & billing takes time due to limited
resources

» Meter reading and billing is done manually

» Not many options available for customers for
payment

» Cannot do site collection at all Geogs

» Cost of making the payment is high compared to the
bill amount

Bhutan

imited

Options Available
Meter Reading & Billing

1. Send meter reading by customer by SMS
or e mails

Sign an agreement with the customers
Customer submits the reading

Bill sent back to customer via SMS
Provide incentive for sending message

/

2. Read Meters once in 3 months

a. MT staff will get time for O&M works
b. Difficult to calculate monthly loss figure

. ) 7| 4.RF Network (other technologies)—" -
.. Prepaid Meters - 3
et _ Collection
=
L. Centralized Vending Server 1. Direct Debit from Bank
~N a. Need to have Bank Account
2. Smart Pre Payment Energy Meter b.  Sign agreement with BPC and Bank
Monthly bill sent to Bank
3. Consumer Interface Unit (CIU) I T renework d. Deduction done by Bank on behalf of the registered
etwor customer
g
Le \
4. Base Computer Software %
L
E

Bhutan Power Corporation Limited u




/

> Mobile Payment (BT)

* Very convenient for the customers
 Customers are willing to opt this
* Cost sharing / Transaction

Bhutan Power Corporation Limited

prETE—.............-

Customer to
dial/sms using
code for
payment

B. Mobile
Bank
Account

B. Mobile
sms center

BMPS Server

Account

BPC Bank
Accounts.

Bhutan Power Corporation Linited

=

4-Proposal from BDBL —

» Has 29 branches (out of which 3 are offline)
» Offering the following services

» Internet Banking

» SMS Banking

» PDA Banking
> Over the counter

Bhutan Power Corporation Limited -

_/

5. Point of Sales (BoB)

6. Counter Sharing
« Utilities

“* Geog Offices
* Banks
«» Connectivity

+» Additional Manpower

Bhutan Poser Corporation Limited

Options Available

| Meter Reading & Billing
m

SLNo. | Options Available

Comt  Benet Customers
Comenience I

1 Twwswse 7 7 8 9

2 fz",:.:“ wux:ie? once 8 6 5 4 8 3 3
o = PP P |7 R N
4 REmetes(Other 5 8 8 7 6 34 2

Technologies)
Rating,

1= Very Low
10 Very High

+ Direct Debit 8
fomBank 7 7 ’ ’ R
2 Mobile 5 8 8 6 6 O )
Payment
1)
3 Mobile 6 8 8 6 6 2 36 3
Payment
(indo Group)
Through
EN == CR G B 6 5 30034 s
s PoncofSaes ;58 6 5 4 3 4
6 Counter 6
sarmg 77 4 > o]

Conclusion
Meter Reading & Billing
[ Through SMS or E mails

Collection
[ Direct debit from Bank

Other options will be implemented together

with the above options

Bhutan Pover Corporation Limited

Implementation Cost
Meter Reading & Billing

Send meter reading by customers/representative by SMS
or e mails

Nu. 100,000 annually as AMC for SMTP server

Nu. 10, 000 per month for 10, 000 SMS. Additional charges
for more than 10, ooo SMS

Approx Nu. 50, 000 for additional lease line

Approx Nu. 30, 000 per month as bandwidth service charge
Total Cost: Nu. 630,000

Bhuta

Works to be Initiated
Meter Reading & Billing

Send meter reading by customers/representative by
SMS or e mails

Have additional lease line pulled to the SMS gateway
server

Select the vendor and carry out the detail
blueprinting based on requirements

Sign an agreement with the customers/representative
Provide incentive for sending message

Works to be Initiated

Collection
1. Direct Debit from Bank

“+ Sign tri party agreement between BPC, Banks and
Customers

< Work on Integration
<+ BPC to send the bills to Banks
< Banks to deposit that amount in BPC account

o [, | on | b, [0 | npr st | s, . | se. .
2012|2013 | 2012 | 203 | 2013 | 2013 | 2033 | 2003 | 013 | 201 | 2033 | 2033 | 2003 | 200

Thank You
&
Tashi Delek

wer Corparation Limited

Cost

Meter Reading & Billing
2. RF meters (Other Technologies)

Single phase meter — Nu. 2,000 per meter

Data concentrator with RF and GPRS communication —
Nu. 20, ooo

Central Server Software — Nu. 500, 000

Data Acquisition Server — Nu. 485, ooo

AMC — Nu. 150, 000

Training — Nu. 700, 000

Bhutan Powee Corporation Limited




Theme 6a

Current Badness

Manpower distribution unequal.
Overstaffing and understaffing

Overall Framework

Pl Solving Activity

2013 * Heavy work load and light work load.
GI‘OUD BA: * Budget proposal for facilities increasing every year.
« P * No benchmark in distribution of manpower and
Study on existing manpower and facilities.
management of existing facilities under Present
DCSD" situation
Members
1.Dill Ram Adhikari, Manager, E50 Punakha
2.Kinlay Wangmo, Asst Manager, HRD.
3.Sangay Tentin, Manager, DCSD.HQ
4.Tal Man Pradhan, Manager, Finance
Department.
Team Aduisor: M. Nobor Seki ICA/TEPCO
John Barton - Business Strategy Dynamics Framework
Objectives Manpower Analysis Segmentation of Manpower
« Optimal distribution of manpower & facilities. + Job Analysis. . ""a:‘age"‘e"‘ sk nORMstaH
« Use of statistical & T eneser e = Management

* Efficient & effective utilization of manpower & ~ Office Asst Cum Dispatcher

facilities mathematical m0q9|5 in — Finance Officer/Accountant
. manpower Analysis. — Sweeper cum Gardner
* Get the best practice of other electric utilities. « Judgement(managerial) ~ Supervisor/In-charges
* Reduce the unnecessary cost. Analysis -homas o, Murray state Universty. c Typical ESD
) * Concentrate more on case sty
* Trend Analysis Multitask, 0&M & Revenue
« For future studies: Multiple staff

Regression Analysis, Data
Envelopment Analysis.

Requsiton Form

Balanced scorecard

1. Internal Procedure Proposal

Strict manpower recruitment process.

* Review overall manpower planning every

three years(includes all stakeholders).

Every Employee to have the JD/JA(Third country

survey).

* Managers - Accountability & Responsibility for
manpower planning.

* New manpower requisition form, Job analysis

fOrm{Third country survey).

i
Pl i

Adapted from Kaplan & Norton 1996. The Balanced Scorecard.

o A Frocess T g e T process Gsed © review and.
,‘::Mm, ::::: i s Ortionof e st obSpectcin 2. Learnin g & gr owth
T ! a) Multi-Task Staff

P —

~Line length
-Number of Customers

- Number of transformers
- Segregate ESD:

- Rural
- Urban

TR R | b) O&M Staff

Line length
Jre— ~Number of Customers

- Number of transformers

- - Segregate ESD:
- Rural

ot oty ] - Urban
e 1 c) Revenue staff

- Number of customers

]

Multitask staff analysis Multitask staff Analysis Result

o jpersan wmfras/ooon o LsngthiPersen

. . i
—GmomerMeon T Mean  —touMion " ™ 5 |we i G oper | Mayesos
- Dnerirs | e ‘ LA || S [ ey | B | =2 ‘ ‘""m}«- 50, Bumthang 68 FE - X
 Customerstff %) e ﬁ %
s o i
Fiex i
£ £ neengthstaff 391 1 =
- |—— § 430. 14.¢ X X 7.00
£ Result 346.¢ . .08 |- 2.00
= i a7a: X 3 x -
: o T T
£ 392.¢ 10 -
o e Fov -
o :
- F - o0
o e o -
o :
= a 424.. 12
o ey ;
PRV PP IR IY PPN —
AR e St —




; . i Other Analysis Result: i i
Correlation (Actual Required Vs requisition put Y 3. Financial
up by ESDs) O&M staff Revenue Statf ‘
e oer R :
livision cust ottt | T st tenthpr ::‘;"X :"""' Cust/sta Janalyss ion * Factors Considered: Costof supply (per kun)
Correlation = 748,00
e e e [T s — Three years data
~Manpower a per analysis = Requisition by ESDs BID Tme] se| e o J [ L5100 — O&M Cost (TADA, R&M of
e ] e % o material/services, stores & e o
50,P/Gatshel %525 | w6 o 739,00 spares, R&M of office unakha. 053]
kha 68463 013 08 3| 1 [ESD.T/Gang 77575 i amtse 0.
|ESD,Samtse 592.38 013 5] 40 E50.1/v4 307.00 arpang L
. orfong ) ey e = 0 — Employee Cost
¢ ¥ 0] ] 45 5 0 [gspwangdus 200 . "
B T T 1 o ~ Depreciation on fixed assets.  [Varsfoehodong
50, srang wsem|  ws| Bis| 1| 0 [esoGelephu 789,00 — Power Purchase. =
= Wargto o] wm| o] o o ool e
1077 39| 5w 1 2 khar — Energy Import, Export, DG, rashi Vangtse
= 5D Gelephu FECEFE] ) ) g (SR Timehs Mini/Micro Hydel
oo Fry YT T o [goem -
is0slongiar ] mu| we| 0] ) SR 2
e s s % — e
e P T T [
L
) ) Cost of Supply Analysis Cost of Supply
3. Financial R i
Particulars Bumthang pey
Power purchase (unit)
. i i . Mini/Micro Hydel 3,397,017.00 -
Objectives: Sresel Genraion issso0 EX=T
) Energy Import Gae3.a2.67 - }
— The concept developed from third country survey. Enersy xport - o004 55 - L
) Furchase from o - T.709.108,595.50
— To reduce cost by setting targets and HV purchase - 1.084,945,500.00
benchmarking within each ESDs. Cost of Supply: |
I I
— Compare the cost of supply each year. [ Sale of units (kwh) I o
— To introduce the concept of ‘Profit Center’ in each e tisng] GLiD
O&M cost 4,113,186.07 7,485,679.03
ESDs. Emplovee cost 10,297,430.93 29,525,471.92
— To be competitive. ion on fixed assets 19,044,763.61 |  22,448,158.38 g
Power Purchase in Nu.. 1,197,419.51 157,191,821.61
| Total 34,652,800.12 216,651,130.94
Sale in units 8,124,895.30 | 1,197,793,744.40
Cost of Supply(per unit) 4.27 0.18
Hities: ; ; Vehicles Allocations Present Vehicle Distribution
Facilities: Vehicles Allocations
Type of Vehicles
P e £50 Offce icher truci_ilux_| Bolero [ Scorpio [Tata truck] Crane [EECOVan| O™
. . 5D aumthang o - -
* Medium Vehicles per ESD — 1 nos. £5D,Chukha 1
£50,05gana
i i 50,120 o - 5
« Light Vehicles per ESD — 1 nos. T o <t
. . . £50.ongar 1 o o o
* Medium/Light vehicle per ESSD —1 E50.paro [ 1 o o 0
1 PR I [ I
« Sharing of resources among different L s 2
Department/Division/Units. (rom Third Country survey) s
o 1 - . 50, Tmphu
L I ‘ I L L I * Hire vehicles for planned work and planned 50, Trasigang
ESD.Trashiyangtse
g sp Ak ot # & Q&M works (From Third Country survey). e50.Trongsa
v Al o £5D.Tirang 1
Py £5D, Wangdue 1 1 1 ) o o o
& ESD,Zhemgang 1 2 0 0 ] 0 0
G
Benefit analysi . ;
Cost Benefit analysis Recommendation Implementation Plan
= I e 00 Continuous consultation & discussion with all the - -
ecition [ty So00] [ Depredton FETES stakeholders. et 5 o o i i e o T o o
[aio 00000 s 12310500 * Implement new manpower requisition and Job m
[l [ 742500 Fuel s 811 Analveis f = e
oveEncashmen| 762500 360000 nalysis form. e T——
insursac] 3 156500 Iosuramc 2400 * Involve CFO in manpower recruitment and analysis. i F=r=r= argement
Enisiontet [Ty 539000] | Emssion et 0000 ) ; ‘ T
Finess Grtuiy 762500 Finess 7500 * Review overall manpower planning(once in three === —
oriver Sy oF T022500] [ Driversaary 3600 y .
prsaa T g0 years, . [creat awareness on’ Dvwl::n‘ef 'mﬂ‘i!m‘ —_— Eis =
. . * Use manpower analysis methods. ol !
iing of Vehicesilus) iring of Vehicesiu) 3 . R = locsp
* Freeze purchase of new vehicles(time being). [evew the manpoerpanningance e el 0 0C5D &
ota Amount| N . . s sos
Noofbaps | toalfate | ) ey || G |wiEn) « Sharing of resources among department/division/units. I a0
) Soonm] momem ) Som o . Createf awarfness on “Profit Center” concept through (oo o
cost of supply.
Minimum saving from Hilux (Nu.) 376,933.68 Minimum saving from Eicher (Nu.) 22784196 PRIy - N
* Encourage use of private vehicles for travel(ESDs).
[ving from 21 veiclsperesa) = 791560728 Sag fom 2 vehices perveau)= a7a4gei | ) :
* Monitor the benchmarking annually.
References:
*  Morisawa,T 2002, ‘Building perlovmance measurement systems with the balance scorecard
pproach", NRI Papers, Nomura Research InsiLte, No. 46, Nomura Research insitite,
. Thumpsan A, Strickland,A & Gamble, 1 zom ‘Crafting and Executing Strategy’, McGraw Hill,
. Bulwa\ Power ‘Company Limited,2013, *Annual Report’ kathmandu.
-+ Nepal Electricity,2013, '27"" Anniversary Report’ Kathmandu.
-« Provincial Electricity Authority,2013, 'PEA Power System Development Plan’, Bangkok.
« North Power Limited, 2013,'Company Presentation to BPC Report', Auckland.
+  Orion Energy, 2013, ‘Company Presentation to BPC Report’, Christchurch.
* Unison Energy, 2013, * Company Presentation to BPC Report’, Napier.
© Bhtan Power Carparaton Limited 2015, Dita Report. Thimphu Thank you
-+ Department of Power,2013, ‘Asset Report’ Government of Arunachal Pradesh.
* Department of Power,2013, ‘Resource Assessment Report’ Government of Arunachal
rades
 Talapragaca, P Shkaraan s tzaauire K Hellrania 3. Rahvian 92000, onicing
erformance of Electric Utiities: Indicators & benchmarking in Sub- ‘Saharan Africa’, Tt
World Bank
s sites/e Ass
Tectrcsa0Utities Talapragads O.oat
+  Pacific P rAssoma(lan 2012, Power Benchmarking Manual: Performance Benchmarking
for acic Poer Uil
n thep
AL%20201. 2 pdf
«+ Travaglione M 2010, ‘Organisational Behaviour’, Mc Graw Hill, Sydney.




Theme 6b

PI SOLVING ACTIVITY

Theme#6b

Effectiveness of existing Service Centers
Members:

1.Ms. Dechen Dema, Sr. Manager, UED (Team Leader)
2.Ms. Tashi Lhamo, Asst. Manager, HRAD

3.Mr. Talman Pradhan, DFO, FAS

Outline

* Background

* Methodology

* Current Situation
 Cause Identification

* Improvement Measures

* Improvement Possihilities
 Conclusion

* Action Plan

Background
« 19 Electricity Sexvices Division (ESD)s are divided into
geographical areas and Service Center (SC) staff look
after the areas designated.
* The Service Center concept initiated in 2007 & was
launched in 2008
* Mainly initiated to cope with the pressing demand for
additional meter readers and linemen
« Enhance productivity of staff
+ Improve customer satisfaction
* Presently, 183 Service Center with 289 staff
* No proper procedure or written document to set up SC

* Staff working are called Multi-Task with the following
° Date: 25" September, 2013 ° roles and responsihilities.
e Merits and Demerits of SC Increasing SC and Staff
Roles and responsihilities ot Sevin e Dot i G P TR T

Faster and prormpt sexvic ivery to Manager or monitor the No. of Service Center 138 183 45

customers services provided by the SC staff No. of staff 250 280 39

One staff In i

‘work are divided among themselves and
information is not shared propedly
G P pr———pp—

and customers in their designatedareas | ESDs

‘The SC staff can. Risk of SC staff taki ‘s
proper iri measures. | intemal i

‘works.

SCStaff i mnt ‘The risk of i f the bill
from the customers helps the customer amount by SC staff is probable

from saving tirme to pay the kills.

Target Study Area

sL|EsD ESD Reason Survey Questionnaire
# | Category
1 1 Electricity 1. Mostof theareawould | - 1,000 customers/ 25|
Services represent awrban services| 926 customers
Division, 2. Road connectivity is
god - Al 33 SC staff
2. n Electricity 1. The area would represent | - 500 customers /
Services arural setting 4714 customers
Division, 2. Road connectivity orly
Tsid through farm roads - All 14 SC staff
3. m Electricity 1. Typical rural setting -300 customers/ 2567
Services 2. Less road commectivity | customers
Division,
- All 6 5C staff

o suney

Source: Results from Survey Questionnaire to SC staff

for Managers to all 19 ESD managers
7 N N
I. Task Allocation II. Manager’s view
I. Work Load
Average number of days /month /staff
[Tasks Thimphu | Tsirang | Trongsa
[Meter Reading and Billing 6 10 1
[Operation and 2 5 6
latiending to Complaint 5 10 6 ) ——
[others ( Reconnection, Disconnection, Support 1o, Tsirang
0 O&M, B&CU) 1 1 3 "
[Total 14 2 2

\\0 Source: Results from Survey Questionnaire to SC staff

Source: Results of Survey Questionnaire to ESD Managers
\

II. Customer Survey Result - Thimphu

/ IL.Customer Survey Result- T'sirang

- A
Tl

Conmplant Ma o Nl

 Liragree
@ Sty diagee

Merer Reading Filling and
Tavineni

° Source: Results of Survey Questionnaire to Customers

o Source: Results of Survey Questionnaire to Customers

II. Customer Survey Result- Trongsa

\e Source: Results of Survey Questionnaire to Customers




III. Cost Implications- Monthly
additional cost (Nu)

Cost calculations (monthly)

WithSC ‘Without SC

* Multitasking allowance -  Travel Allowance/Daily

Nu. 3000 Allowance of Nu. 500/day for
 Fuel allowance — SC staff and driver

+ Nu. 1000 for BPC owned « Distance more than 25 km

« Nu. 1500 for self owned © 11 days cap

« Mohile Voucher allowance * Fuel cost for the distance

Cause Identification
No No proper monitoring
No proper
proper Standardizeg  SYStem and framework for

criteria for

reafor S information sharing
establishing

l l Mixed view
onsC
effectiveness

° authority to approve equal allowance

Calculated from the existing BPC infrastructure as per Power Data Book 2012

— Nu. 100- Nu 200 travelled (Diesel cost
* Voltage Hazard Allowance- considered) 3"2‘/:" . Inadequate mﬁ,‘ﬁms -
Nu. 400 ¢ Voltage hazard allowance of S‘:;;‘ ution of qualification of unequal
Nu. 400 stal
| Source: With SC cost from ERP-SAP system 0
& without SC cost: Analysis by Theme 6b J °
Selection of Major Improvement I M #1 Improvement Measure #2
Measures mprovement Measure * Draft Terms of Reference for SC
- . Criteria for setting up Service Center
1. Problem with increasing number of SC and
of Staff for SC BPC present level/ per Improvement Measure #3

%) Selection of critetia to establish SC important Parameters SCstaff Weightage |

1) Even distribution of staff * Register to record the activities in log book
2. Implement standardized ToR Customer Base (Nurnbers) 456 42% * To be submitted monthly to ESD

a) clarity in responsikility and accountahility Line Length (LV) (km) 21 26% * Help keep history of the type of complaints
3. Proper monitoring and information sharing Distribation Transformer * ESD Thimphu initiated from August 2013

o Avilability of reccrd i ) 12 26%  First month report submitted
¢ Inadequate qualification of staff — BPC recruitment * Third Country Survey to Provincial Electricity Authority,

procedure will resolve Other factors (geographical Distance more than 25 Thailand

- Different mohile allowances- to propose to competent temian, distance) Jkm 7% « Have advanced recording system

Improvement Possibilities

* PEA, Thailand - Outsourcing of non-core technical
works such as Meter Reading, Tree trimming

* BPC can have strategic plan to have VEEET instead of
SCin future

* Village Electrical E & Electrical T
(VEEET ) first batch of 40 people trained out of total 120
people

« VEEET presently paid Nu.8000 per month, BPC's SC
staff currently paid Nu.14,960 per month

Challenges

 Outsourcing of work of
present SC staff as they
retire will be slow

¢ Recruit VEEET in new
RE areas

* Replace the present SC
in places where present
VEEET is trained
* SC staff to be

transferred to O&M

Conclusions

* SC effective for rural areas (ESD, Tsirang and
Trongsa)

* Reshuffling of staff and re-allocation of areas for urban
areas (ESD, Thimphu)

* Follow SC set up criteria to open new SC

» Follow proper recording system for effective

purposes and proper
» FutureR BPCto Tnon-core
technical works and emphasize more on technical
works

Action Plan

Actions Activities Deadline Responsible

Implementation | Discussion with ESD, 30 November, |Theme6b

of ToR Managers 2013 ‘members and
DCSD HQ

Implementation | -Sensitizationonthedata | 30 October, | O%M Managers &

of proper to be entered inlogbook | 2013 ESD Managers

‘moritoring and.

recording system | -Log Book to SC to be

circulated to all ESDs 30 November, |DCSD HQ and

2013 ESD, Managers
-Documentation on the
systemtomonitorand | 30 December | Theme 6b
record 2013 ‘mernbers and
DCSD HQ
Finalizationof | In consultation with ESD, | 30 April, 2014 | Theme6 b
criteriatosetup | Managers and GM, DCSD ‘mernbers and
SC DCSD HQ and
ESD Managers

Theme 7

JICA P Solving Activity Theme #7

N

Study on metering, billing, collection procedures,
process and technologies and prepare road map
mentatine - -

» Background

» Studies conducted

» AS IS PROCESS — Metering, Billing & Collection
» GAP ANALYSIS

» TO BE PROCESS

» Implementation plan

» Conclusion




BACKGROUND

» Study on metering, billing, collection procedures,
process and technologies and prepare road map for
implementation including cost benefit analysis.

» Metering, Billing & Collection : Core functions of DCSD.

» Annual compact of 2013.

» PBIS of DCSD 2013.

» JICA PI solving activity 2013.

» ESD, Tsirang as the sample ESD

STUDIES CONDUCTED

o 5
» Need for documented procedures & policies
1. Inventory policy
AS IS PROCESS
w6014 ’ si6014 s
AS-IS-PROCESS : Billing
, EsDs have limited Spot Billing Machines (SBM), therefore it has to » The reading and billing is spread over the month - the loss » Conventional payment method (99.63%) 1# -
be shared calculated by each ESD is not accurate and realistic. » Internet online Banking (0.36%) —
» Due to the urgency of the work (since the SBM has to reach » The billing cycle currently followed does not give a customer » Point of Sales (POS)
another in waiting), the billing function is prone to many reading
a minimum of 30 days grace period to pay his bills.
errors.
» SBMs prone to failure -Hard ware failure , battery failure » 50 % time spent on MB function.
» In some cases, the customer reaches the billing section of ESD to
[Tota coss ncurred by BPC.[Tota costs on fumberof | o
pay their bills before the SBM has actually reached the office for e [ fustomers 351 olitascustomer/year
downloading purpose.
1 3671,374.80 1,835,687.40 4825 38045
w6014 w0 si6014 »

309%

5%

Google

S/612014

AS-15-PROCESS : Collection
Average expenditure by customers

THE GAP ANALYSIS

» Third country visit to TNB, Malaysia
» Best practices followed shall be adopted

» Metering policies - replacement

» Lessons learnt from TNB - SMS reading

si62014

TO BE PROCESS

The TO-BE-PROCESS : Metering

» Policy decision to procure static meters taken in
2010.

» Meter specification frozen in 2012 only during CTC
meeting on 26 January 2012.

» Decision to replace meters every after 10 years
taken.

» Inventory of 10 % of meters .

The TO-BE-PROCESS - Billing
» Options studied

(a)Process improvement for rural

» 4 % of the total energy sales

» About 3 % of revenue

» Hence, process improvement schemes and not high

investment in introduction of technology

() Introduction of new technology for urban

sr62014

The TO-BE-PROCESS - Billing

(R)  Process improvement (B) Introduction of new technology

DLy S Advanced Metering Infrastructure

scheme

Automatic Meter Reading (AMR)
3 Monthly Post paid scheme

SMS reading & Billing

Yearly advance payment scheme.

Group metering




The TO-BE-PROCESS - Billing

» 3 Monthly Post Paid Scheme

The TO-BE-PROCESS - Billing

» 3 Monthly advance payment scheme

The TO-BE-PROCESS - Billing

» Yearly Advance Payment Scheme

1. Cost savings to BPC = 1141 M

Theftcases going unnoticed

Mper
year for ESD, Teirang a period of 3 months. “This scheme can be.
implemented without any
eters a5
Bl datefor Oct, Nov, D .
esampton il be eaable N:I"mmm Zoxn
1320M:No  Customer saves on the monthiy vsit by 15 an. The actual
lesser than 100
meter 10 £SD Cash counter consumption of all the s
replacement customers can be made only in e
o change requests.
With meter

replacement  Every customer gets 30.45 days
period to pay the bills

et of . 1586 par
customer per m

e

Cstomersaves o the moniy
Visit o ESD Cash cor

Every customer gets 3045

fora perlod of 3 months

8il date for oct, nov, dec
onsumption will be avaiable
by 15 Jan. The actual
consumption of allthe
customers can be made only in
arch,

Rebate of Nu.
20.78 per
customer per
month.

Savings on travel

by customer (only
atimes ina year).

ontravel by
customer (oni in
MB costs cut down by 66 %. stomer (only  times na

days period to pay the bills

M8 costs cut down by 66 %.

si62014 2

per year for £5D, Tsrang fora period of 3 months.

“The billng will be
ot for ot v dec done every 3
mption will be available  months.

:':lm N0 Customers can pay after yearly w 15 . Th actua
T T consumption o al he Rebate of hu. 289
i can be mude oy | SRR SR
a3 with ek et
e Sovingson travel
3045 v (only

MB costs cut down by 66 %.

» Comparison between the schemes
1 year advance

Cost 1320M:Nometer  1.320M:Nometer  1.320M:No meter
replacement replacement replacement

4.837 M : With meter  4.837 M : With meter 4,837 M : With meter

replacement replacement replacement
Benefit 0.941Mperyear  0.950Mperyear  1.141M peryear
Rebate Nu. 19.86 per Nu. 20.78 per Nu. 28.90 per

customer per customer per customer per
month ‘month. month.
as the risk of advance

i O R
‘The 3 monthly post paid is preferred over 3 monthly prepaid because no advance
illing is required. 2

» The schemes can be implemented without any change of meters as monthly
consumption of a rural customer is s much lesser than 100
units/month. 1.320 M Neultrums is for sofuire change requests.

The estimated amount of 4.837 M is for replacement of meters to
static/digital which BPC as per the policy would anyway invest over time and
also this will only make the scheme more robust even if the consumption
increases over 100 units over the period of time.

The scheme would be more robust if the meters would be replaced in the
initial phase so that snap shots of monthly energy sales will be mapped every
month, thereby providing accurate & realistic monthly system performance.

The risks with yearly closing (fat all) will be done away with enough SeMs.
CSD_has recently made a breakthrough on the SBMs, andriod based
machings can now b used fof the purpose. of billng andt e corts of sseh
andriod machine is 19,000 as compared to 70,000 for traditional SBMs. The
new andriod based machines shal be rolled out from July 2014 on a plot
asis.

e 2

The TO-BE-PROCESS -
Automatic Meter Reading (AMR)

Technology upgrades and
Reduced Biling costs for BPC.  dependence on PLHVMY
communication networks
P2V BukE
i il s et Sustenance oftechvcal Thimphu
PLi19M By managemer e
P3: Allustomers.
2 (0SS & OPGW
leverage)
@ Every customer gets 3045 J
days period o pay the blls G
integation with
Faster as travl time s 0
reduced. technologies

78.63 % of the energy sales are from HV/MV, hence accurate & realistic data capture is a must.
‘Therefore, BPC should invest in this option

sr62014 2

Tha TO-BE-PROCESS - d M fi
Group Metering (FﬁrTHllqﬂln]n

Technology upgrades and.
Reduced Biling costs for 82C.  dependence on

Commstonvetucrts
91375M Am'm' & realistic data Sustenance of technical
e seerneryy 5
vy | mamimen Thiscould be
somers Ao nara
T ——
requests. days period to pay the bills

Faster as tavel tme s
reduced.

The costs are very high and cannot be implemented

The TO-BE-PROCESS - Ad d Metering infi
SMS Reading & Billing (For Thimphu)

Yot o 55 T

fora period of 3 months

Rebate of Nu. 7.28

035M+0720 per customer per.
The customers do not have
M+0ISM=  Reduced ilingcostsfor 80C. L@ SRS month.
houses, The above rebate:
is calculated
considering that
100 % network connectivity in
" manipulated send sms.

Ahe e peopecanesd
and send M

Costs Is low, the benefits are tanglble and can be easlly Implemented.

IMPLEMENTATION PLAN

s u s B
— s M
plan ting § policies - plan for 3 hly sch
ants|
Responsibility |san-1e | reb-sa war-1a| aor16 way = e 14 14 14 14 14 14 14 14 14 19 19 1domenrds
d’ t 15U, DCSD &
for ISU/ERP
Cha"‘lzl:ig:;“ for s, oesp & o
Documentation of policies oCsD O
ser traininy
Replace existing meters | oo 1 3 i
with static
i Train the meter readers | o o Pilot study in | DCSD & ESD,
approval =D Managers d ESD, Thimphu |  Thimphu
i &ESD, Roll out in n:s?el:.?ve
sirang
Distribute to ESDs for DCSD & other ESDs ESDs
* . et DCSD&
Rollout inother £sps | AC0E
s n

Implemantation plan for AMR

- [ vt wtar| e [y s | L e -
B T || e | e
Scoping & Tendering. DCSD
Evaluation & award DCSD
Implementation for
62 customers. DCSD; &E:;?G(“VE
(HV/MV)

Metering policy shall be documented.
For rural customers

3 monthly Post paid scheme as a pilot study in ESD,
Tsirang

For HV MV

Automatic meter reading

For Urban customers

SMS as a pilot study in ESD, Thimphu

si62014 35




Theme 8

Pl Solving Activity
Theme # 8

Theme title: “Fault locating and Rectification of
HV/LV Arial Bundle conductor and UG cables”.

Presented by:
Nidup (Engineer), Team leader
Nidup Dorji (Supervisor, ESD)
Duptho Wangdi (Associate Engineer)
Jigme Sherub (Supervisor, RED)
Mr.Junichi Ohishi (Chief staff, Advisor) &
Mr.Kazuhiro Yoshimura (Advisor)

Over view.....
1. Why this issue was selected?
2. Current situation
e  Cause analysis
3. Measures taken
. Fault locator equipment from Togami.
. Work carried out and its result
4. Comparison between Fault Locating Equipment of
Togami and Megger
5. Cost benefit analysis
6. Recommendation
7. Formation of fault locator team and it’s training

Reason for selecting this Issue

UG Cable

e 10 to 15 years back, cables were laid with route
markers. But with rapid development taking place,
route markers were not found (may be buried or
stolen), loosing its cables route. Due to this it's
difficult to locate the fault for Under ground cables.
ABC Cable

e When fault occurs, it's very difficult to
locate/pinpoint the fault. BPC do have
equipment(MTDR300/100) but no one is confident
enough to operate in a correct way.

A1

Current situation
1. Underground Cable
« Difficult to trace the route of cables.

e No one is confident to use the equipment in a correct
way

Fault locator (PFL40A)

A4 3

8. Action plan 1
Aug1a
Fault data of Changjalu area (UG Cable)
[ P e
oo | e o)

o | cnegis | son | e | 2 R

Changialu . om. 3 Line lp Hom 2200V SIS 1 | \pechanical excavator or simil
e

oo

RS I
asann "?’%:E’ s | N w G Unkomn

[ESSU [
msamo r
| S | s | zwen |6 | LminnBOSEa | enanca scsorr smiar
p— 10am 2m 4 Line vip Wom Z20kY SIS |\t chaical xcavatoror similar
g s | oo [ e [ s [ epton 2 Sn | et osvatoror s

Changialu am m 0 g oo sdoes

Changjalu Tam 10am 3 s pacos i

oo
R B .
6Au14

Causes of fault (UG Cable)
* As per the above data, most of the cable

were damaged by external force/excavator.
(due to developmental activities)

* As per our third country survey findings,
fault occurs mainly through cable jointing

A1

2. HVILV ABC (OH)

Besides having equipment no one is confident
enough to operate in a correct way.

When ever a fault occurs in ABC line, site

people inspect visually to locate the fault which
takes a lot of time increasing the recovery time.

6Aug1a 6

Data collection

Phobjikha, Wangdue. Jan to March, 2013

o ocaton T T outage uriond | remariaiirne | )
o121 Wdihorteng/Ganghe! 4m 725 LT faul 11KV cable sparking
— ; son | e ET——
o | cmpmieor 7w | sm | am o ey
v | e S | e [ san | w ot v
p— P [ RC

s
T e e Y ———
e e g o i o
e e e [ ———
e e e e [ ———
Errr—
sanms 0| [ ssom | s [——
Gy e e o
e —
s | o | san [ s | o
i o o cable sparking
ol e m | 33
B | ramioTageney | 7| 3 2
o | e e, ey | 9 [ | e v e
7

i e e o o e

Causes of fault (ABC)

« Based on the data collected, most of the faults
occurred through cable jointing.

« Faults occurred through natural calamities

 May be the Cables could have been damaged
during the construction phase.

Summary on current situation

« Being a developing country, use of underground
cables will be more in the near future.

«As per the studies carried out, there are more
issues in case of underground cable comparing
with ABC line. (Site people are facing problems in
locating fault in case of UG cable)

« Based on the above issues, more importance
has been given to underground cables.

Fault locator equipment(UG Cable)
T2LUPIN & HV BRIDGE

Shug14 10

Procedure for fault locating(UG

Cable)

2. Measuring resistance of fault cable: Determines cable Length

3. Applying HV-Bridge : Estimation

4. Applying T7 LUPIN : Detail investigation

GAug1s

Work carried out by JICA
Carried out in three location.
1. Changjalu area..

# Detail Investigation by T7 LUPIN
= Locaton

Wim  20Em  WAm

SAug1a 2

1. Result in location A

6Aug-14 1

1. Fault location B

# Detail Investigation by T2 LUPIN
= Location B
Package
SIS A

s. Square
s/SB

A 1s

1. Result location B

SAug1d

1. Fault location at C

6Aug-14 16

Result at location C

A1t




Fault locator
equipment

Portability

Comparison between UG FLE of
Togami & Megger.

T2LUPIN & HV
BRIDGE

its portable, so site
people wont face

PFL40A( Megger)

If the Site is not
accessible to road,

Comparison between FLE of Togami

& Megger.

Fault locator equipment

T2LUPIN & HV

BRIDGE

PFL40A( Megger)

Cost benefit analysis
Cost of equipment

difficult regardless of  site people will face Usability Technician people will  As per it's manual,
its location. difficulty in carrying be able to understand  different methods are
the equipment its working principle.  there but no one is

Route and depth trace Route is traceable Difficult to trace route confident to operate in

without UG GIS data  As per the previous correct way.

Mapping records
Accurate fault point  Although not 100%,  As per previous record,
detection Witnessing three fault ~ while conducting

point location, the training they couldn’t

team are convinced locate the fault.

about its accuracy.

B »
Aug1a 6-Aug-14 1
; ; Cost benefit analysis i i
Cost benefit analysis e = ysis Continuation...
Tt | et | s
i
onm1e

A1

Financial analysis ...

Customer connected and it’s bill

Summer 3mon Winter
Rowes|  area  |Wootcustomer| atytrwr) | amountiiu | antcwn) | amountinu)
P10 21|  chubachu s34 7691200 | 1389700 | 1114792615 | 200007800
p10.25| ngricolony. 236 52738000 | s21.36547 | 3902200 | 70011086
P, 593 30910900 | 51950893 | 87760500 | 155582351
P10, m 38352100 | 63394026 | 107025600 | 210856642
P10, 32| Below Chang La a7 sars7100 | 103687023 | 105123800 12369006
P10, 33| ClockTower ass 70580200 | 112326816 | 138014500 | 273350813
P10_34  Woniin tam a6 82097500 | 157965035 | 108950800 | 207017568
p10.a1| o colony 180 20202100 | 531.90017 | 55708300 | 1095.98131
P10_42| hotels9 ares 2 54795500 | 65120463 | 05167500 | 173007265
P10 6| imtart & P 2 sss14700 | w0073087 | 153423000 | 325876185

sz | asssso300 | 7.9372m11 |10.116s0165] 15,0m2008.8
6Aug14

Financial analysis ...

e
038

erday average()

o hour sings )
v eder amais st down o s s ecovered g T
Caupmentii)
Benefit of having equipment(Nu) 393,061.11

Benetit analysis
P et e

sy b Byt

EH

iEaEERE

Recommendation from fault locating

team
UG fault locator
Based on

« Comparison done between Fault Locator
Equipment of Megger & Togami

« Witnessing fault location using Fault Locator

Equipment of Togami.

« Cost benefit analysis

The fault locator team would strongly
recommend to buy Fault Locator Equipment of

Togami as it serves both as a route tracer and

fault locator.

2

The team would like to propose two

sets of equipment.
UG fault locator

Equipme;

T2LUPIN(SLUT-A- 42600
Y50)(Togami)

26600
BRIDGE(Mitsubishi)
MILI OHM 77

METER(HIOKI)

TOTAL

2 85200
2 53200
2 1554

6 139954

0st(USD)

3060

3060

Formation of fault locator team

A1 2

Schedule of training

Members for training

2 team

Recommendation from fault locating
team

HV/LV ABC fault locator

« In present situation, fault occurs frequently incase of
overhead line but when it occurs it is difficult to locate
the fault point.

« Training is already finalized for the fault locating
equipment(30™" September -3¢ October)

« If trainees are satisfied with the equipment then the
team would recommend to purchase the equipment.

« As per third country survey, while visiting

manufacturing company, their recommendation was to

handle the cable properly during construction phase,
6a3Q:t0 reduce occurrence of fault in near future.

Action Plan

Action Sept. | Oct

Nov.

Dec [Jan |Feb. | Mar.

Megger Company)

Ll

Management)

(Togami & BPC)

(ocsD)

(Togami)
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Theme 9

:: i::::c‘sz:::‘e selection < Introduced in the beginning of 2003 through JICA project
& Objectve . during the study of integrated master plan for
Effeeitve Ltlintian af Geopranhied! Information % Concept of GIS, GPS and Google Earth. Dzongkhag-wise electrification in Bhutan.
Sunlem % Current Situation of GIS in BPC. < The GIS was started to provide various spatial data for:
. % Third Country Visit. = preparing the master plan.
[GISY 1o BPC o .
e : :‘Z';"z“::“‘;ff's in BPC. = updating the master plan.
ggﬁember 25, & Counter Measures, = implementation of RE Projects.
P Implementation Plan. < GIS related works are carried out by Environment & GIS
LMr. Dorji Tshewang, DCSD. % Cost Analysis. Division (EGD), Engineering Design & Contracts
5'52’52::;"““*' ocso. % Action Plan. Department (EDCD).
4. Nima Do, % Conclusion.
M. KB Gurun, ESD, Zhemgang
M. Masald Iwama, JICA Expert, TEPCO. % Reference. 2
% Appendix. 1
Concept of GIS, GPS &
Reason for Theme Selection . =
Google Karth
- : M
«» The usage of GIS is very marginal and its benefit not . *+ Geographical Information System (GIS)
appreciable as of today. < To optimize the use of GIS data for overall = Computer based tool for mapping and analyzing
< The GIS unit is largely unorganized and lacks capacity. improvement of efficiency in BPC. features on earth. . A
2 No GIS Base map in place. s o . o . = System used for land planning, Environmental
by ¥ p 'gls y ::M » <+ To strength the capacity of existing GIS users in Marageme DRMappino RO Roecs B RaiwayRlines!
: o PTOD.elf 5){5 em of ata reporting. BPC. ical Ti ission and Distribution Network.
< Underutilization of ‘GIS Data. popenny . - <« To create awareness on the importance of GIS = Ithelps in collecting every information.
< The state of GIS still stands at where it was first initiated in BPC
in 2003. : Hardwar
Software People [] Metho
<+ Lack of awareness of GIS application in BPC. - .-‘m‘-.-
3 5
4
% Global Positioning System
— (GRS} ) , ample Geographical view of the
N j . Network
= Satellite based navigation, timing and On':?fgc\:\éaegg » Software s thalé'l -
v i . ase of @
positioning system. every ESD's. EeEliofoinal Distibuion and
= Applications in GIS data collection, Type of GPS. tapendin Network. (anoendie vi
GG o, i BEE,
« Google Earth. No s Database Mapping. o GIS Data
- . N\Ghe Plotter in Head frémmiiry no
= A virtual globe, map and geographical ice. Effectively
information program. SielaPs userin iy Utilized.
= It is simply based on 3D maps, with the Inadequate - No proper system of GIS
manpower. oo
capability to show buildings and Lack of gis EENEaNer:  datareporing
bridges i
in 3D. 6 People Method , 8
Third Couniry Visit
- Pole wise Information " o - Aoa i ity to visi
part of the Study Tour, the JICA provided an opportunity to visit two
= Details of Distribution Transformer Power Utilties such as Provincial Electricity Authority (PEA) and Metropolitan
e ¥ Electricity Authority (MEA), Bangkok, Thailand including one of the well known
o FE 1 \’ e manufacturing companies know as Thai-Yazaki Manufacturing Company.
| | b = Summary of Day wise Report.
T " ‘9 11
10
Anplication of GIS in BPC
<« GIS system is so advanced and fully established. X . GIS offers power organizations a method of quickly
% They have GIS Database Server. »:oTheleIIEsl ;éfr_sorzl are from different background; :t:f:lessingf :and przd_ucing mags. Using GIE streamlines
«+ They have their own GIS Map with their infrastructure 2' S:rv;f;ngri‘r?g;erearh d ally worklow and improves decision making.
A, 5 . 3. Computer Engineer.
<« Everyday data update is very important.
TR Customer «+They are trained for a year on GIS and other related
SISy Services licati
Controland R applications. Distribution
- ) +GIS has made their work more easy and reliable in S 0 n ey Services | (0%
partment | Department. Division
Outage the management of power outage and customer ‘Denavlmen i EDCD. Center.
Management Maintenance services due to the integration of GIS with other
System (OMS) 12 applications. 14
13




Distribution & Customer Department
(DCSD) & Rural Electrification

ES
£
o
ES
o
ES
-

o

Department (RED)
Extension of new line.
Installation of meter.

Distribution Transformer Metering Mapping.

Operation and Maintenance.
Customer Service.

Extension of new line.

15
16
Transmission Department (TD). Environment & GIS Division, EDCD.
<+ For routine maintenance. * GIS applications can manage the power company’s
« Initial GPS survey for the selection of suitable X :‘"V'm"m?":" ‘;omp"a"?e s incluging panning and
sites for Transmission route. * Manage rigl t-t:);;v;ey :}‘IC" SR ond painoian
t,
<+ Supply of construction power to Mega Hydro 1t and corridor pi ion.
Projects. <+ To buffer and overlay right-of-way requirements for
< GIS in Right of way (ROW) issues like land tower placements, quefy feamrgs to identify property
easement and acquisition. owners and other land information.
18 20
19
Application of GIS in ROW management. Application of Google Earth.
Infocomm Services Division Creation of Shape
. File in Arc Map
< GIS mapping of OPGW and ADSS network.
o . . Google Earth
< GIS in extension of new network to any Exporting as KMZ
center. umemac KML file with landscape
! view after generating
<+ Maintenance of the cable. S £
. . Upload the .
i Visualize in GIS after
National Load Dispatch Center (NLDC) Lo e
% GIS integration with SCADA. cantol polns
e
22
ideal Sifnation for BPC
GIS & SCADA
< Supervisory Control & Data Acquisition (SCADA) is used — SAP
to monitor and control the electrical utility. from ISU-CCS LIS
< Advantage : Visualize the SCADA events in GIS and " mamtenance/
help identify consumers within the affected areas. Ereveniva/oonait “ “
* Real time data
SCADA Server GIS Database Server
+ Ener
consumption data /DT
Metering
Substation Customers
26
25
ideal Situation Contd...
«Provide Complete geographical based network data map which can be used
» Asset Management/Monitor. "
> Dynamic map production, visualization and understanding real scenario. n'?f‘gl'gp a clear Eu'df"“e
> Efficient Planning of Maintenance. for GIS manadSiSyy 014
> Location of Fauits including UG. oo [
> Effective network extension/augmentation. (2) GIS system in BPC.
> Right of way issues. arase of —
» Cust M; 1t viz. attendi laint, releasi : o . i
Cslomer Menegement iz afending complln, efeasing new service [5) 2: m;e,i gumes ,;;%,?sa| of Consultancy .m,:ﬁ;ge = (I;r;lse%?rl‘mn of
> Energy Auditing. « Formation of GIS core  computerfor ~ SCADAand
> Provide analytical tool such as distance calculation, shortest path etc. °'U ] o Group. 's SAP.
> Load forecasting. d;’w“ IncompEe + Prepare Actual Road GPSIGIS
> Substation locating and sizing. & ‘d’ gl!oa"psz.ln';hn:he help of "Sn:‘al\‘lsesrs‘gn.
> Feeder routing. » Build manpower .
> Transformer and feeder optimization. (5] competency. E\évoc;:sé aurzhséi mgm. _%mgg
» Possibility of data sharing between different users simultaneously. 27 «Capacity building/training. «Creation of 20
> Easy and speedy retrieval of information. 28 +Data update and BPC map.
Action Plan - 2014 *GIS provide a solutions for comprehensive and
SIN Activities [September -| effective distribution and transmission management.
; o. December
FelEL Bl e +GIS is used to spatially analyze network
[Computer (45,000.00*19) 855,000.00 1 [Firm and formation of COngeStiOn and determine Site feas'b'hty.
[GIS Software Gosenaxun 1,431,457.41 [G!S Core Group.
[Google Earth Software tasensisxoa 103,740.00 T T ] *GIS Specialist and capacity development is very
[Training tAspendis xv 1,825,000.00 Map with the help of N
= iyl 2 (Consultant and Purchase important.
[Consultant (PEA GIS Specialist) 1,000,000.00 fof GIS and Google Earth
[GIS Server smaxon 690,000.00 Using GIS will make it more efficient and reliable
Total 5,905,197.41 3 [Training and formulation i t H i I i d I kﬂ d
20107 of proper guideline. organization in simplifying daily workflow an
" pataupsate ana improving the decision making.
30 lcollection of spatial data. 32

DCSD. EGD (EDCD) and Infocomm Services Division should be responsible.

31




« Patty,.McGray. “GIS Education
Solutions from ESRI, Building
Geodatabse — II”.

< De By,. Rolf A. “Principles of GIS".
S WWW.esri.com.
< www.itc.nl.

Thank You
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EFFECTIVE USAGE OF EXISTING 1 REASONS FOR SELECTING THIS THEME AS A PRIORITY ISSUE THEME AS A PRIORITY ISSUE
SCOPE OF THIS STUDY —_— .
+ No study on sustainability and effective usage of
MINI/ MICRO HYDELS OF BPC MINI HYDELS OF BPC MHPs of BPG
MICRO HYDELS OF BPC i
5 PRESENT SCENARIO OF MINIMICRO HYDELS OF BPC « No detailed status report on the current health of the
TEAM MEMBERS: & 0&M COST INCURRED IN THE PAST 5 YEARS (2008-2012) MHPs (Civil structures, E&M components, Electrical
1. _Sonam Phunisho, CMTD, DCSD (Team components, etc.) is available
Leader) REVENUE GENERATED IN THE PAST 5 YEARS (2008-2012) P » etc.
2. Kezang Lhazom, CWD, EDCD 5 RETURN ON INVESTMENT « Although grid supply is available in most of the areas
3. Gyeltshen, ESD, Bumthang 5 NPV, IRR & PAY BACK PERIOD ANALYSES OF CONNECTING where the MHPs are located, no financial analysis on
4. Yeshey Tshering, ESD, Mangar MICRO HYDELS TO GRID grid connection of micro hydels has been carried out.
ADVISORS: 10, CONCLUSION
1. Keiichi Fujitani, JICA Expert
2. Tshewang Rinzin, Manager, ESD, 11, RECOMMENDATION
Thimphu 12 ACTION PLAN
nstalled No.of Installed
Following are included in this study: s plant oty | Yearot | ion | omermer s prant ool | vearot remarke
« Present scenario of the MHPs. o. (kw) | commissioning s No Thw) | | commissioning
- Costof O&M of the s (lncludmg renovation / rehabilitation / Upgraded in
overhauling) between 2 1 | Gangzur Mini Hydel 260 Manually operated | 02 1 [kekhar micro Hydel 1320 1986 Al e el
“All Micro hydels are
+ Revenue generated between 2008-2012 from the MHPs 2 | Changchey Mini Hydel 2x100 1992 Semi-automated o1 2 Micro Hydel [ 1:30 1992 semi-automated &
+ Cost-Benefit Analysis of all MHPs together and for individual plant PR P ————" B o oo P hence unmanned.
between 2008-2012 arochi Mt fvde X embautomate 3 | Tamshing Micro Hydel 1x30 1992
-+ NPV, IRR and Pay-back period analyses for grid connection of 7 Micro 4 | Rongehu Mini Hydel 2x100 2001 Semi-automated 01 Pl Evr— . p- multi-task
HPs and Gangzur Mini Hydel 5 | Tingtibi Mini Hydel 2x100 1992 Semi-automated 02 anestoi Miero tvee x operator visits the
plant once a week to
6 | Hesothangkha Mini Hydel 3x100 1969 Manually operated 04 5 | Rukubji Micro Hydel 1x40 1992 checks & clean.
“The following plant is not included in the study: N TR = FFFER rrssn " “Run in isolated
i i x n ‘ y
+ Hesothangkha Mini Hydel falls under the submergence area of PHPP-I mphy Mind Hydel lanually operated | 07 6 |Sherubling MicroHydel 1450 1992 | 1ode (no grid
and shall no longer be operated by BPC once the PHPP is operational 8 [ Knalanzi Mini Hydel 2200 1975 | Manually operated | 02 connection)
7 |Ura Mirco Hydel 150 1992
9 [ chenary mini Hygel 3250 1973 | Manually operated |
10 [ Gidakom Mini Hydel 5250 1972 | Manually operated | 07
11 | Chumey Mini Hydel 3x500 1989 Manually operated 07
12 | Rangjung Mini Hydel 241100 1996 [Semi-Automated 04
- T T IOV T OSTETVARTO O VITCTYO
PRESENT SCENARIO OF MINI HYDELS PRESENT SCENARIO OF MINI HYDELS VNN
S e Paiiars | conaton Remaks S iant Farizuias Conditon Romanis
6 svces oooo .| mam | patcuss] condiion Remarks i
s[aioonn,  ecca [0 - cammissanesin 109 cw Prover nwatercharmel |- Commissonsd n 1992 Comnected t g ooy PP T Janay o)
nners wom out i bof recent) [Kekhar lectro-Mechanical parts |7 HoPe:
R s——— (chanehey [ [umers vom out i bl CO el (atom) has 0 e e e vy msirs o conictvetr
o = 7 |@cookw), reconstructed. [znemgang |
[crumey [rsrang > Wantenance requred at make
2 oo, e — A panes[eona » Repocomen of rers roneed i rea
[pumnary focionm """ ooy ocsp " e Jroenaa 10, i L —
ST TR e —— . o oo [~ Commissonsa n 1992  [raven g
(Gidakom i (channel > e . — - o b 2002012 10 resonsc waonw),  [Eam [Good i
sfacmn, oo e ' o aoonn [F24___|mersvenou perchael o e TR
et -~ il oagana || d Riiﬂﬂ"ﬁ"mm.; e i oo g | o [ TR————
it e s |0, [ Good
renstock & water Commissioned n 1973 [Minor cracks in the power|>  Commissianed in 2001 pumhang [ e o i mintemencs at Inake remi
o eonductor (ume ps) 7 oxer.aing 19572002 A chamel - Pore: oo ke el
9 [zaoomm, [, [Runner vom ot n_both| - Power channel epa required Tongsti ot o cacimaevaer |
e = foooa ot caed e e [ mrwes - Fesacment o v e in oo o dnan, e it e n e pover
" - e : 0 ey
) eyt o ey e o fadonon, [ [Fomes vom o imil- - Comecedogra _— e e
(oo Imachines - Ropiacement of rumers requied in nea| o [fsit, e ot repai equred n he poer
—— low  Cammissoned n 1975 (1300 fPaneisJcood e [ Wangie cors
5 feaookw),  [EM -~ s ehabiaton soce 2 lciit (Cracks in water channel |7 Sonmisioned in 1992. Not connected to Cracks T T wrter
Mongar [paneis [*  Brocurement o penstock ircaion ipes [sneruing e - Fiash ood near powerhouse s
e e onrios & mummrs o | Waer hael i e P s hane
Jowi facks in power channel > Commissioned in 1967 11 |(2xe0Kw), > [Trongsa o Repa
|Lhuentse > Problem with protection system B
TREVENUE GERERATED FRUN 208
0O&M COST OF MHPs FROM 2008-2012 RETURN ON INVESTMENT
o ey MO puasoundycosr 51O oo [P evr AT T 5 o (Cpacityin ) | WEURRED o GARNED G, SIS ot G| A
i Nu.) - Mil. Nu.) Nu) i o ML ) Ny Imvestment
1 Ranglung (2x1100) 1520 10480 2 L = b 00 o o B ErEn 1 Rangune (221100) 10432 64706 50274 15082 3192 2ems%
2 oy (0] o o | e + [ Rangung ssson) | 55777000 35,967 4010 15 amnsanad] 15 s 720 sesersene] cerosivos] 2 Crumey rso0 793 mess noe o ied s0%
3 ciskom suaso) oser 1 s sesm 2 [chumey@so0) | 6assashad] oo, 00 vsorasune oemsas2ad saeeizess s0sssami] 3 Gistom (5:250) Fr B sses e i
4 Chenary (3x250) 6621 sz 3 | Gidakom (5x250) 7.968,421.00] 10,637,731.50| 9,564,982.00] 10,270,294.20] 9,282,552.00] 47,723,980.7¢ 4 Chenary {2250) sexn L] (Lses) wess) oo
2 Sl o — T e ol jo1s 5 Kol (3000 e B @am (e lasss) caom
& rimphotes0) o201 201 oo 320 5 [ Thimpha (090) 2009002203779 60] 2430265 60] 2515,259.00 2319195 5] 11,609,201 e 2220 11604 2300 oy 1o s
s Losu ) - : 7 Crogarey e 2 T oy oo aam
7| Comgeer 09 e coulsem T —— 2 I — T T Pt e T — T
5 Dscnalaniso) 257 w2 ous  aass e EIET T M e 5 orachu(acioo iy T f T
5 Rongehu o) oo 1120 om  asm > Rongch Gu100) X ¥ : 10 gt @00 260 lom sl oanl _aowl e
10 Tt 2xo0) Lo 1120 s 2e Tingi 2100 ol sl Lorsesa 11 Gangur 50 e om0 aam oms e s
11 Gangue o o 2001 oms  asm Gongur (0] z 12 om0 omn ossi i oom i 1
12 sherublo (101 ) 00 om0 Tsherbing (so] | - 357 13 Shenping (150 o osol @i joose jous  isasx
a5 X 4 e ased el ose] s oced et
R oz a0 ons o Rukobi (50 e o e sy asd mae
14 kot () osa 010 o oms . 15 Koengataten (3) T o] 152 oy amaes
i Tr i e e s Tamhing (120} T 16 o (:30) L L o L% N
s bt 1 Mangabi 10 x 17 Tongny 0] o o fowm  ooss) i)
16 Tamsning 20 o 010 o osm £ ekhar (220 18 Ketta (20 o o2es o5 oms oo
17 T (0301 o2 010 oz osm [ Tro nnu i3 Toa sese  maew e zaen saen 7056
- (20) oo o1 oom o TOTAL REVENUE THE \NTS BW 2008- TONU.
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TOTAL CosT i Milon ) sests

Maintenance cost s inclusive of grid connection & major rehabilitation works,

‘GENERATION DATA FROM 2008.2012




RETURN ON INVESTMENT CONTD..

| PROFIT CONTRIBUTION BY THE MHPs

Profit before tax | b i from plants

Year (whole BPC) fit fro Percentage

N - in Mil. Nu.

in Mil. Nu.
2008 927.13 34.00 3.67%
2009 986.45) ated  422%
2010 1,353.29 3856 285%
2011 1,209.01] 34.88 2.88%
2012 1,212.32 24.70 2.04%

TOTAL O&M COST OF MHPs BETWEEN 2008-2012

-Total revenue generated from MHPs is higher than the cost
incurred on MHPs.

-Benefit to cost ratio is 1.81

-Personnel cost in the O&M of MHPs is very high especially for
the Mini Hydels which are not automated

| 1995

Benefitcost rato s 4.48
Largest mini hydel & contributes the highest revenue

CHUMEY MHP (3X500kW), BUMTHANG - 1989

Benefitcost rato is 3.89
E&M equipment are old; Two units are under shutdown
automate the plant

GIDAKOM MHP (5X250kW), THIMPHU -1972

Benefit-cost ratio is 2.89
Study to automate the plantis underway by DCSD

KHALANZI MHP (2X200kw), MONGAR - 1975

Benefit-cost ratio is very low at 0.11 as the plant is under shutdown since 2011 for

upgrade to 24200 KW from 3x130 kW
Rehabiltation is expected to complt this year.

| THIMPHU MHP (4X90kW), THIMPHU - 1967

Benefitcostrato is 1.26
E&M overhauling done in 2001
inder shutdown du to problems with generator & trp coil
Penstock pipes are worn out and thickness reduced.
red for

CHANGCHEY MHP (2X100 kW), TSIRANG - 1992

Benefitcost ratio is 1.12
Problem vith 110 m of power channel which needs to be reconstructed.
Plant connected to grid in 2013

| DARACHHU MHP (2X100 kW), DAGANA - 1992

Benefitcost rato s oniy 0.47
011

of pover
channel

RORIEEHIU VP (2x100 kw), LHUENTSE —
2001

Benefitcost rato is 3.51
Repair of power channel required
Runners are worn out and needs o be replaced in near future.

TINGTIBI MHP (2X100 kW), ZHEMGANG - 1992

Benefit-cost ratio is only 0.41
+ Frequent breakdown of E&M

Runners are worn out and needs 1o be replaced in near future.
Connected to grid in 2013

GANGZUR MHP (2X60 kW), LHUENTSE -1986

Benefit-cost ratiois only 0.28
Upgraded from 1x20KW to 2460KW in 2000
E&M parts are already worn out and needs to be replaced in near future.

SHERUBLING MHP (1X50 kW)

s s Dy o T

———

Comecred 0 g1 * Repel o waterchannel s required e
* Notcomectetogr
URA MHP (1X50 kw) RUKUBJI MHP (1X40 kW) KUENGA RABTEN MHP (1X30 kW)

e |
oo D gt it i a1 H
e i N
= ! J
g i

TAMSHING MHP (1X30 kW) TANGSIBJI MHP (1X30 kW) KEKHAR MHP (1X20 kw)
e E
w Ol « Ouannry Luad w Telal £

Dt Dy Load Tt

o Dsivmed Dy Lt T

o

SUMMARY OF NPV, IRR FOR GRID CONNECTION OF
MICRO HYDELS & GANGZUR MINI HYDEL

- Plant (Capacity in k) NPV IRR it
T JGangeur (2160) 16 | % 52
2 [sherubling (1x50) 1 | e 3s
3 [ura (050) 12 | )
4 [Rukubi (1x40) o7 | 87
5 [Kuenga Rabten (130) oos | ex 77
& [Tamshing (1x30) 0s | 7
7 [rangsii (130) os1 | 1w 56
& [cekhar (1:20) on | e 169

Investment on Gangzur Mini Hydel includes the cost of
ion to grid and rehabilitation of the plant.

| ADDITIONAL REVENUE GENERATION AFTER GRID

Revense | e | meresse
s i oo, oyt Peceoge
1 M. No) 2018 (InMil. | Nu) fncrea:
. Nu)

g e o] sed s we
=+ frering s T T
[ ) ] 5o of am
i 0 o amd 1] me
 fmnetion ol o o] s
6 [Tangsibji (1x30) 0.34¢ 1.38C 1.0: 74.9%
7 fetrr o TR
s s w00 e ] o] wo

> Estimated cost for Grid connection =Nu. 20631 Mi.
» Revenue generation shall be enhanced in the next years by Nu. 12.62 Mil
H

CONCLUSION:

Oveval\ revenue generated in the past 5 years is more than the

cost in

However we ook athe plants individaly, tis apparent that only

some plants viz. Rangjung, Chumey, Gidakom,

Changchey, Rongchu, Ura, Tamshing, Kuenga mmw e

sustainable, with the present situation.

Since the Micro HPs are not connected to the ?nd any energy

generated beyond the connected load is transferred o durmmy load.

If connected t0 grid, except for Kekar, Kuenga Rabten, Gangzur

the remaining hydels will be sustainable.

Operation Cost (HR) of the plants is high

Standard operation procedure (SOP) and standard check st for

monitoring and preventive maintenance of MHPs is not available.

Plant operators are not trained to carry out breakdown maintenance.

period of plant is longer as

team has come from CMTD, Begana.

MHPS serve as a back-up service incase of grid supply failure and
ovide power to essential services / organizations, thus improving

reliabilitylenergy security.

Every single unit generated from MHPS helps meet the interal

energy demand and thus equivalent energy generated from large

HPs can be exporte




RECOMMENDATION

If the Micro HPs are connected to grid, surplus energy
(currently diverted to dummy Iuads% can be m;ected into
the grid and hence increase revenue generation.
Therefore, it is recommended that some of the micro
hydels viz. Sherubling, Ura, Rukubji, Tangsibji and
Tamshing be considered for grid connection.
High operation cost (HR) can be reduced by going for
automation. Therefore, it is recommended that study for
automation of plants be carried out.
It is recommended that a study be carried out to check
the feaslblll% of availing carbon credit for the MHPs so
1

ACTION PLAN

ction Scheduled | Scheduled | Responsibilities
Start Date End Date
CR =T e March To be prepared by PI
014 2014 Team, CMTD &
2 Studyfor November  March To be inifiated by
automation of 2013 2014 DCSD
plants

To be budgeted &

EXIT STRATEGY

|hal pan of the O&M cost may be met from the credit . . January December  carried out by CMTD

ea Si|CrdiCernectcoly 617 2014 in coordination with
4. Slandard operation procedure (SOP) and standard check ESDs

list for monllon;\gland carrying ou(dpr_ﬁ\{enﬂv ard check

maintenance of plants are require e standard checl Sy EEED To be initiated by

list similar to that used by power plants in Indonesia (3 ly on cart ; Y

Country aurvey) may be aé)opted F" o ML 4 ;r:d;s eligibility for April 2014 June 2014 DCSD/PI Team
WHY EXIT STRATEGY EXIT STRATEGY

» Recent directive from the DHI Board that
BPC’s mandate is in transmission and
distribution of electricity

» BPC is directed to prepare a proposal on how
to exit from the mini and micro HPP.

Option I: Create subsidiary company
> If BPC has plans for investing in additional

embedded generation viz. solar, wind, hydro power

plants
Option I1: Outsource
a.Asset to BPC, O&M to private companies
b.Both asset and O&M to private companies

Recommended that a team be constituted with

the following members immediately to carry out the

study:
1.Tariff Officer, MDO, BPC
2.Asset Manager, FAS, BPC

3.Technical engineers (Mechanical, Electrical,Civil)
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Presentation Contents

¥ What is distribution transformer (DT) metering ?

¥ Why is it required in BPC distribution network ?
+ Cost benefit analysis

 Pilot study proposal

v Cost analysis for pilot study

¥ Recommendations

Vednesd © BHUTAN POWER CORPORATION LTD. 2013
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"What is Distribution Transformer metering?

A distribution transformer meter (DT Meter) is a “link meter”
between the sub-transmission substation and the LV system.
Its” application covers the following.

» Load flow analysis, energy auditing and accounting.
»Distribution network reliability (History of outage/event
log including date and time)

»To monitor the loading condition of the distribution
transformer

Wednesday, Ausust o6, 2012 © BHUTAN POWER CORPORATION LTO. 2013
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Fig o1: DT metering architecture

Distribution Transtoemer

ENERGY SAVED IS ENERGY PRODUCED

'l"‘ 2 rcrsing
BAESKVIAV line U I‘
Consumer meter
Static prvate 1 :
Distrbiution
Transtores
BPC SERVER / T (W . meter
Cona (‘& (C jesmiams movea
— 4
Operstor 8T
o o rooniraon 8 ]

ENERGY

Why in BPC?

v’ Energy auditing and accounting
v'Supply reliability
v To monitor the operating condition of DT

v’ To meet up the requirements of regulatory bodies

dnesds © BHUTAN POWER CORPORATION LTD. 2013
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1. Energy Accounting and Auditing
Current scenario:
GENCOS

GENCOS meter reading - Transmission
meter reading = Transmission Energy
TRANSMISSION §/5 Loss
DISTRIBUTION S, Transmission S/S meter reading -

= Distribution Loss

CONSUMER METER

+ Absence of strategy in place to identify loss at each section of the
networl

Wednesday, Ausust o6, 2014 © BHUTAN POWER CORPORATION LTO. 2013
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Submission of customer meter reading

ENERGY SAVED IS ENERGY PRODUCED

TRANSMISSION S/S

DISTRIBUTION
TRANSFORMER METER

CONSUMER METER

Transmission s/s meter reading - DT
‘meter reading= MV Energy Loss +
distribution transformation loss

DT meter reading - Consumer
meter reading= LV Energy Loss

* Improved reliability indices

s w

ENERGY.

2. Supply reliability

Current scenaris

at Transmission s/s.

in distribution network.

- Room for manipulation for calculating SAIFI and SAIDI

Distribution outage is recorded only

No outages is recorded at any point

Ce,

ENERGY SAVED IS ENERGY PRODUCED

+ Outage period and duration not known unless consumer informs

leading to low Customer Satisfaction Index.

ednesd ©BHUTAN POWER CORPORATION LTD. 2013

TImprovement measures:

Distribution outage is recorded at
Transmission s/s ic.., upstream
reliability.

DISTRIBUTION
TRANSFORMER

Distribution outages also recorded at
every DT metering point in

TRANSMISSION
/S

reliability.

- Can avoid room for manipulating reliability indices.
- Reduction in customer call volume and improve CSI.

Wednesday, August o6, 2014 © BHUTAN POWER CORPORATION LTD. 2013

distribution network i.e.., downstream

\.

ENERGY SAVED IS ENERGY PRODUCE!




ENERGY SAVED 1 ENERGY PRODUCED

ion of DT

3.To monitor the loading cond

Current scenario:
« Reasons of distribution transformer failures not exactly known
“Overloading and under loading of distribution transformers not precisely
recorded

+ Increased outage period

ENERGY SAVED IS ENERGY PRODUCE!

Improvement measures:
“Failure reasons can be outlined using more detailed information from
DTM along with the data obtained from the maintenance team and
identify und d and and properly size
transformers.

+Enable BPC to more accurately forecast load growth and evaluate system
investments resulting in improved asset/distribution system planning.

- 8 ]

ENeRGY

Medium Voltage Line
Distribution Transformer 250 +10
Low Voltage

¢ +
Service Wires 120 +6
Commercial loss 5% of LV sales

Table o1: Permissible losses and voltage drop as per BEA guidelines

” © BHUTAN POWER CORPORATION LTD. 2013

4. To meet up the requirements of regulatory bodies

ENERGY SAVED IS ENERGY PROD!

Cost benefit analysis
General assumptions made

« The cost benefit analysis is based on Genus, India LT CT meter
« Time value of money is not considered

« 18 % targeted revenue savings every year keeping the loss figure constant
«Meter depreciation time (useful lfe) period used in the model is 10 years

« Meter growth rate is not considered

« Depreciation cost is Nu. 44.22m @3.33% as per BPC asset depreciation codes
«Assumes full of DTM ies with 100% of
DTM over a period of 2.26 years

«The model analysis period is 10 years ending in 2023, with DTM deployment
commencing in year 2014

ENERGY SAVED IS ENERGY PRODL

Wednesday, August o6, 2014 © BHUTAN POWER CORPORATION LTD. 2013
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Table 0 Cost comparison of DT meters

ENERGY

Fig 04: LT CT operated and Sampoorna static DT meter  Sowe: GiNUS Power, Jipur tndia
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Salvage value & depreciation

- g <
Payback Period - g 8 g
Payback period in capital budgeting refers to the period of 3 5 Bookvalueatend
time required for the return on an investment to "repay” the £ § vaard I Ratel Expense year H
sum of the original investment. i car o Original Cost o828
— H E ear 1 3% 3.2 3.2 9501 3
N oo | Lossfigurefor [ - d i
9% Cumulative reduction in Savingsevery | Cost reduction |3 4 ear 2. % 16 6. 88. 5
[Description revenue loss every year (Nu. | oo "Xy mun) fovery year (Nu. mn)| & 13 = 3 44 g
Mn) H H ear 33% .06 622 8235 H
Year 0 0% 6395 0.00 0
Year 1 16% 6395 1151 carg| 333% 2.96 G-o1 7633
Year? 18% 6395 1151 ear 5 33% 2.86 81 0.52
Year3 18% 6395 1151 0
Yeard 18% 63.95 1151 eaxG :33% 276 562 64.90
Year 18% 151 ear 33% 26 s .46
Year 18% 5L e ear 8 % 2.58 .2 .21
Year 18% 151 -1 2 z =
Year 18% 151 6.1¢ ear 9 .33% 2.50 08 49.1
Year 18% 151 5.3 ‘ear 10) 3% 2.41 4.01 4422
Year 10 18% 151 16.
= 9YEARS Annual capital cost saving Table o4: Depreciation & salvage value calculation
Table o3: Payback period
o ¥ e, o e ©SHUTAN FOVER CORPORATION 1,07 ¥
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Calculation of useful life of the system ] g . = g
:::1 Nu:,fmms” — o £ Capital cost abstract g Pilot study outline £
No of days required s b g 5 ¥ To study the achievement of 18% targeted reduction in revenue loss
- z g thin the annual O&M cost. &
No of years required 226 s K Descriptions 01 o b N
Meters installed in 1 year 460 e §  Descriptions Amount (Nu. mn) h ¥ One No. 11KV MV feeder under Paro ESD has been identified as pilot  §
Meters installed in 2nd year 1460 s H [Cost of Meter H feeder. 3
Meters installed in 3xd year 7 s & Cost of Installation 5 ' Adequate No. of customers (3826 Nos with average connected load of £
% of meters with 1.26 years useful I 56 £y @ e H 0.8 KW per household) with 24 DTs (6488KVA installed capacity) to &

Table os: Useful life of the system

Cost savings abstract

Descriptions Amount (Nu. mn)
t through ten years with 18% revenue loss reduction 1683
t the useful life of 1.26 years 14.50
lvage value 4422
[Total savings in 11.26 years 75.56

Table 06: Cost savings from the system

Add 5% contingency cost
Add 2% maintenance cost
Add recurring cost for 10 years

Grand total

EDMI Singapore make - 102.35 million

Table 02: Capital cost

study loading profile of DTs

' The line length of 19.67Km for loss analysis purpose.

' The number of DTs (24 Nos. with 6488 installed KVA) is adequate for
load profile analysis as well as reliability indices.

/' The line covers both urban and rural sites (semi urban)

v Easily accessible by the team who are based in Thimphu

' Requires minimum of four months including installation, data analysis
and generation of DT health report
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- g g e
§ = 8 ]
Capital cost for the pilot study 4 Recommendations § g
§ ¢ Way forward £
H H 5
H v/ BPC should target to reduce 18% revenue loss annually within & £
[ the same annual O&M cost g .—;\ g
H ¥ To study the achievement of +18% targeted reduction in revenue % 8
§ loss, a pilot study may be necessary g Nov 2013to Feb to H
N ¥ Can be foundation stone for migration to latest energy saving H Jan 20 14 April 2014 I
and impi of system efficiency H
: such as DMS wi ]
Table o7 : Cost abstract ¥ One of the arms in achieving BPCs vision/mission b, GEANOSOnRSS e tire
Inspection Sfﬂ'“;f‘s_ﬂ"d ;andanalysis
i stallati . r:
Ea e ey e et R e 'G:p";‘f;f‘ A
than only ype the pilot submit the
accessories  sudy findings
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