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Appendix 1 
Project Design Matrix 
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の
た
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の

シ
ス

テ
ム

ロ
ス
の

低
減
プ

ロ
ジ
ェ
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ト

 
執

行
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関

：
国

家
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受

益
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：
N
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定
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リ
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ン
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技

術
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ィ
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ピ
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業
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.3
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プ
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ジ

ェ
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ト
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旨
 

客
観
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指

標
 

指
標
デ

ー
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入
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段

 
外
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件
 

上
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E
C
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電
シ
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ロ
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低
減
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供
給
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経

済
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の
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計
シ
ス
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ム
ロ
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す
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N
E

A
、

E
C
の

公
的
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O
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N
E
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よ
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統
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プ
ロ
ジ
ェ

ク
ト

目
標

：
 

E
C
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N
E

A
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よ

る
配

電
シ

ス
テ

ム
ロ
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低
減

す
る
た
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エ
ン

ジ
ニ

ア
リ

ン
グ

及
び

計
画

立

案
能
力
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向

上
さ

せ
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特
定
の

E
C
は
独
自
で
ノ
ン
テ
ク
ニ
カ
ル
ロ
ス
と
テ

ク
ニ
カ
ル
ロ
ス
の
分
別
を
効
率
的
に
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な
う
こ
と

が
で
き
る

 

 
配
電
シ
ス
テ
ム
計
画
が

E
C
独
自
の
能
力
で
作
ら

れ
る

 

 
電
力
シ
ス
テ
ム
を
分
析
し
、
そ
の
問
題
点
を
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が

解
決
す
る
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間
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営
報

告
書

 

 
調
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す
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き

N
E
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E
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公
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(電

力
セ

ク
タ
ー

政
策

な
ど

)フ
ィ

リ
ピ

ン
の

発
展
計

画
に

大
き

な
変

化
は

な
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施

設
設

備
の

向
上

に
必

要
な

資
金

が

分
配

さ
れ
る

 

 
地

域
工

学
、
マ
ク

ロ
エ

ン
ジ

ニ
ア

リ
ン

グ
援

助
、
資

産
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理
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ど
の

N
E

A
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シ
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ム
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ス
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減
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ロ
グ
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上
手

く
実
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さ
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て
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成
果
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１
．
シ

ス
テ
ム
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低

減
の

た
め

の
事
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営
マ

ニ
ュ
ア
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用
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し
、

適
切
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施
す

る
 

1.
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シ
ス
テ
ム
ロ
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低
減
マ
ニ
ュ
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用
意
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N
E

A
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E
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が
ワ
ー
ク
シ
ョ
ッ
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参
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す
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1.
3 

ワ
ー
ク
シ
ョ
ッ
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で
各

E
C
が
課
題
解
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報
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1.
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1
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ロ
ジ
ェ
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ト
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味
作

成
さ

れ
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テ
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ス
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テ

ィ
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ー
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プ
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ィ
リ

ピ
ン
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セ
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ー
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E
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経
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継
続
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分
さ

れ
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２
．
シ

ス
テ
ム
ロ

ス
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量
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価
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す
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サ
ポ

ー
ト
シ
ス
テ

ム
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確
立

す
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シ
ス
テ
ム
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ス
定
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価
手
法
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ニ
ュ
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す

る
 

2.
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E
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よ
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各

E
C
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テ
ム
ロ
ス
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シ
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テ
ム

ロ
ス

定
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価
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練
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記
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３
．
中
圧
配
電
線
の
昇
圧
（
2
3
k
V
化
）
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行
う
た

め
の
支
援
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実
施

し
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術

基
準

を
確

立
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3.
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設
備
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術
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準
ガ
イ
ド
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イ
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す
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3.
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ロ
ジ
ェ

ク
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味
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準
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テ
ム
ロ
ス
低
減
に
対
す
る
現
在
の
ベ
ス
ト
プ
ラ
ク

テ
ィ

ス
を
調

査
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ス
テ
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マ
ニ
ュ
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チ
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力
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設
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計
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す
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た
め
の
状
況
に
あ
っ
た

解
決

策
を
導

入
 

1-
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来
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計
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E
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C
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い

て
マ
ニ

ュ
ア
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検
証

 

1-
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 N
E

A
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共
同

に
よ
る

E
C
の

非
技

術
的

ベ
ス

ト
プ
ラ
ク
テ
ィ
ス
の
統

合
を

含
む
上

記
の

活
動

に
基

づ
く

マ
ニ

ュ
ア

ル
の

完
成

 

1-
5.

 N
E

A
と
共
同

に
よ

る
他
の

E
C
に

マ
ニ
ュ

ア
ル

の
水
平
展
開
の
た
め

の
適

切
な
仕

組
み

の
提

案
 

 

2.
 シ

ス
テ

ム
ロ

ス
の

量
的

評
価

の
た

め
の

サ
ポ

ー
ト

シ
ス

テ
ム
の
確
立
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1.
 特

定
E

C
に

つ
い

て
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力
フ

ロ
ー

分
析

の
た

め
の
ソ
フ
ト
ウ
ェ
ア
の

現
在

の
使
用

状
況

を
調

査
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 特

定
E

C
に

つ
い

て
シ

ス
テ

ム
ロ

ス
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減
を

評
価
す
る
適
切
な
方
法

を
検

討
・
提

案
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1.
 技

術
的
損
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の

把
握

方
法
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 ロ

ス
低
減

分
の

価
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評
価

方
法
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定
E

C
に

つ
い
て
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1
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に

基
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い

た
適
切
な
手
法
を
開
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立
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た
方

法
で
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E

C
の

職
員

を
訓
練
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入

(方
法
と
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ス
ト

) 
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本
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日
本
側
に
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下
の
専
門
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が
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さ
れ
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A
. 

以
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れ
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ソ
ネ
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れ
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／
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／
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／
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パ
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（
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ガ
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業
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Appendix 2 

専門家派遣の実績 (1/2) 

 
 



Appendix 2

3 4 5 6 7 8 9 10 11 12 1 2 3
Team Leader/

Power System Planning Masaharu YOGO

Toshiya MINEJIMA
Masahiro MYOGA

Distribution Management /
Maintenance management Kenichi KUWAHARA

Teru MIYAZAKI
Takayuki SHIBATA
Masaki KUROIWA

Junichi OHISHI
Capacity Building/

Coordinator Keiichi FUJITANI

3 4 5 6 7 8 9 10 11 12 1 2 3
Team Leader/

Power System Planning Masaharu YOGO

Toshiya MINEJIMA
Masahiro MYOGA

Distribution Management /
Maintenance management Kenichi KUWAHARA

Teru MIYAZAKI
Takayuki SHIBATA
Masaki KUROIWA

Junichi OHISHI
Capacity Building/

Coordinator Keiichi FUJITANI

Expert Dispatch Records (1/2)
FY 2011

Distribution Planning /
System Loss Reduction

Economic / Financial
Analysis

Field Expert

Distribution Planning /
System Loss Reduction

Field Expert FY 2012

Economic / Financial
Analysis

Power System Analysis
 (Software)

Power System Analysis
 (Software)



 

 

 

 

 

 

 

 

 

 

Appendix 3 

専門家派遣の実績 (2/2) 

 
 



Appendix 3

Field Expert Dispatched Period
Apr. 3 - Apr. 16, 2011
Jul 19 - Aug. 5, 2011

Oct. 16 - Oct. 28, 2011
Jan. 30 - Feb. 11, 2012
May. 22 - Jan. 6, 2012 
Aug. 15 - Aug. 31, 2012
Nov. 13 - Nov. 30, 2012
Jan. 6 - Jan. 19, 2013
Feb. 27 - May 5, 2013
Apr. 10 - Apr. 16, 2011
Jul 17 - Aug. 5, 2011

Oct. 13 - Oct. 28, 2011
Jan. 29 - Jan. 31,

Feb. 6 - Feb. 17, 2012
May. 22 - Jan. 6, 2012 
Aug. 15 - Aug. 31, 2012
Nov. 13 - Nov. 30, 2012
Jan. 6 - Jan. 19, 2013
Feb. 27 - May 5, 2013
Apr. 3 - Apr. 16, 2011
Jul 19 - Aug. 3, 2011

Oct. 13 - Oct. 27, 2011
Feb. 5 - Feb. 17, 2012
May. 22 - Jan. 6, 2012 
Aug. 20 - Aug. 31, 2012
Nov. 18 - Dec. 5, 2012
Jan. 6 - Jan. 18, 2013
Feb. 18 - May 1, 2013
Apr. 3 - Apr. 16, 2011
Jul 19 - Aug. 5, 2011

Oct. 16 - Oct. 28, 2011
Feb. 5 - Feb. 17, 2012
May. 22 - Jan. 2, 2012 
Aug. 15 - Aug. 31, 2012
Nov. 13 - Nov. 30, 2012
Jan. 6 - Jan. 19, 2013
Feb. 27 - May 5, 2013

Takayuki
SHIBATA

Teru
MIYAZAKI

Economic / Financial
Analysis

Expert Dispatch Records (2/2)

Team Leader/
Power System Planning

Distribution Planning /
System Loss Reduction

Distribution Management /
Maintenance management

method

Kenichi
KUWAHARA

Masaharu
YOGO

Toshiya
MINEJIMA

Masahiro
MYOGA



Field Expert Dispatched Period
Masaki

KUROIWA Apr. 3 - Apr. 16, 2011

Jul 19 - Aug. 5, 2011
Oct. 16 - Oct. 28, 2011
Jan. 29 - Feb. 10, 2012
May. 22 - Jan. 2, 2012 
Aug. 15 - Aug. 31, 2012
Dec. 4 - Dec. 21, 2012
Jan. 6 - Jan. 19, 2013
Feb. 27 - May 5, 2013
Apr. 3 - Apr. 16, 2011
Jul 17 - Aug. 1, 2011

Oct. 13 - Oct. 28, 2011
Jan. 29 - Feb. 9, 2012
May. 22 - Jan. 2, 2012 
Aug. 20 - Aug. 31, 2012
Dec. 3 - Dec. 21, 2012
Jan. 8 - Jan. 19, 2013
Feb. 26 - May 5, 2013

Capacity
Building/Coordinator

Keiichi
FUJITANI

Junichi
OHISHI

Power System Analysis
 (Software)



 

 

 

 

 

 

 

 

 

 

Appendix 4 

本邦カウンターパート 

トレーニング研修員受け入れ実績 

 
 



Appendix 4

FY Period Name of Participants Designation Office address Organization

MONTANO Virgilio Labuguen General Manager Office of the General Manager ISELCO I

GAMBOA Enrique Yumang Manager Technical Operation Department PELCO II

MALENIZA Carmille Sabio Section Head Technical Planning Section-Corporate
Planning Department CASURECO II

2012/3/6 OLEA Alfred Dela Cruz Section Head System Loss Reduction & Special
Equipment-Technical Services Department CASURECO IV

- HERNANDEZ Jane Gabionza Division Chief Planning, Monitoring and Evaluation-
Technical Services Department SORECO I

2012/3/16 FORSUELO Richard Abroso Section Head Planning Design & Evaluation-Engineering
Services Division LEYECO III

DE VEAS Claro Gutierrez Principal Engineer Engineering Department, Technical
Operations Division NEA

CORTES Antonio Dizon Principal Engineer Engineering Department, Technical
Operations Division NEA

DAVID Bonifacio Tolentino Senior Engineer Engineering Department, Technical
Operations Division NEA

EVALE Exequiel Jr Tidalgo Senior Engineer Engineering Department, Technical
Operations Division NEA

BALINGUE Abraham Corpuz Area Engineer Technical Services Department ISELCO I

DEL FIN Marvin Alimurung Section Head Technical Cooperation Department PELCO II

MACALALAG Jan Michael
Lagradilla Division Chief Technical Services Department FLECO

2012/9/24 NAPAY Joanaiyn Candilosas Section Head Engineering Department, Line Operation
Division CASURECO II

- FORTES Roberto Fortes General Manager Office of the General Manager SORECO I

2012/10/5 VILLAREAL Ferdinand
Purugganan Acting Director Engineering Department, Technical

Operations Division NEA

SILVANO Ernesto Jr. Oledan Principal Engineer Engineering Department, Technical
Operations Division NEA

VELGADO Enrico Golla Senior Engineer Engineering Department, Technical
Operations Division NEA

FAJARDO Manolito Santiago Senior Officer Electric Cooperative Audit Department,
Accelerated Total Electrification Division NEA

GALARPE Arnel Pascubillo Officer in Charge
Institutional Development Department,

Consumer Development Protection
Division

NEA

The trainees’ lists of counterpart training in Japan

2011

2012



 

 

 

 

 

 

 

 

 

 

Appendix 5 

機材供与実績 

 



Appendix 5

Date of Registration
(Day-Month-Year) Name of Equipment Specification QTY Unit Price

(US$, PHP) User Condition

08-Feb-12

SynerGEE Electric
Core Load Flow

Module and SynerGEE
Middlelink Electric

Version 3.8 8 US$110,000

NEA,  ISELCO I, PELCO
II, FLECO, CASURECO II,
CASURECO IV, SORECO

I, LEYCO III

Transfer

08-Feb-12 Clamp
on Power Hitester HIOKI 3169-21 14

Procurement
by JICA

Philippines
office

NEA,  ISELCO I, PELCO
II, FLECO, CASURECO II,
CASURECO IV, SORECO

I, LEYCO III

Transfer

31-Oct-12
Amorphous
Distribution
Transformer

10kVA 6

Procurement
by JICA

Philippines
office

ISELCO I, PELCO II,
FLECO Transfer

31-Oct-12
Amorphous
Distribution
Transformer

15kVA 6

Procurement
by JICA

Philippines
office

ISELCO I, PELCO II,
FLECO Transfer

31-Oct-12
Amorphous
Distribution
Transformer

25kVA 6

Procurement
by JICA

Philippines
office

ISELCO I, PELCO II,
FLECO Transfer

31-Oct-12
Amorphous
Distribution
Transformer

37.5kVA 6

Procurement
by JICA

Philippines
office

ISELCO I, PELCO II,
FLECO Transfer

31-Oct-12
Amorphous
Distribution
Transformer

50kVA 3

Procurement
by JICA

Philippines
office

ISELCO I, PELCO II,
FLECO Transfer

Equipment Administration for the Survey



 

 

 

 

 

 

 

 

 

 

Appendix 6 
Minutes of Meetings 

(1st mission to 9th mission) 
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 (2nd Mission) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(3rd Mission) 
 



 



(4th Mission) 
 



 



 



(5th Mission) 

 



 



 



(6th Mission) 

 



 



(7th Mission) 

 



 



 (8th Mission) 

 



 



(9th Mission) 

 



 

 



 

 

 

 

 

 

 

 

 

 

Appendix 7 
Presentation Materials  

(1st workshop to final workshop) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Presentation Materials of 1st Workshop  
 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 



Presentation Materials of 2nd Workshop  
 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 



Presentation Materials of 3rd Workshop  
 

Overall Progress and Activities

The 3rd Workshop on 
The JICA Project on System Loss Reduction 
for Philippine Electric Cooperatives (EC’s)

JICA TA Team
Manila 

The Philippines
May 31, 2011
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Schedule from May 2012

Schedule

Mission
JCC, W/S, Meeting W/S JCC, W/S JCC,

Submission of system loss reduction manual
Submission of system loss quantitative evaluation technique manual

2012 JFY
4 5 6 7 8 9 10 11 12 1 2 3

Progress Barchart of JICA Project on System Loss Reduction for Philippine Electric Cooperatives

Train staff of selected ECs on technical loss reduction
Design criteria and technical standard manual for 23kV distribution lines

Manuals on O/M business for distribution network
Manuals on investment
Manuals on evaluation of projects in the financial and economical aspects

Introduce tailored measures to solve the problems
Formulate future plan （Medium term planning, investment plan)
Proposal of appropriate method of evaluating system loss reduction

Proposal of appropriate methods to supersede other manuals
Development of methods of evaluating quantity of system loss
How to calculate the technical losses from distribution network
How to value the reduced losses in the financial aspects

Completion of manual

Examination of necessity of analysis software

Investigation of existing facilities and plans of EC

Survey current situation/problems

Economic and financial evaluation method
Examination of appropriate methods of evaluating system loss reduction
Software/System Modeling

23 (33) kV distribution lines

Data acquisition and request for power distribution system analysis
Preliminary distribution network loss analysis

Making draft manuals and checklists for loss reduction
Prepare criteria in O&M
Methodology of investment plan

Standard design of 23 kV distribution lines and examination of guideline
Establishment of guideline
Execution of case study to apply manual to problem solving

3

Contents in the Schedule

•SynerGEE modeling 

•Investigation of 
methodologies of data 
arrangement

Software /System Modeling

•Investigation of cost and 
specifications

23 kV (33 kV) Distribution Lines

Goals

•Proposal of Appropriate Method of Evaluating System Loss Reduction

•Completion Manuals

•SynerGEE modeling

•Amorphous transformer 
pilot project

Execution Case Study to Apply Manual to 
Problem Solving

(Starting)Making Draft Manuals and Checklist

Contents/StatusTasks

4

LV feeder

HV/MV 
Substations

MV feeder

Pole transformer

Pole  tr.

Current to be 
measured

Current to be 
measured

Modeling Peak Load Situation with SynerGEE

Peak Load Allocation

How to obtain the peak load data and maintain its data?

Peak loss calculation for each feeder

Peak loss [kW]
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Peak Load Data Correction and Its Modeling

• Some options

– Clamp‐on meters measurement of peak current of 
pole transformers

– Power solve data (ERC Data Templates) with 
customer data 

– MV feeders load measurement or purchasing 
amount of power ‐> load allocation 

6

<Ref: TEPCO’s Example> Computation of Load Current & 
Voltage Drop

CustomerP1(kWh)

P2(kWh)

P3(kWh) P4(kWh)

P5(kWh) P6(kWh)

P7(kWh)

Transformer

Ie  =  A × Σpi  ＋ b
Maximum load current Ie is calculated 

based on Σpi by using multiplier A & constant b
determined from the regional demand character

Voltage drop is also calculated

7

<Ref: TEPCO’s Example> Relationship between Maximum 

Measured Current & Sales Energy

Ir(A)

Actual 
maximum 
current 

Σpi(kWh)
Summation of energy sales

Sample data

Ie =  A × Σpi ＋ b
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• Clamp‐on meters measurement of peak current of 
pole transformers

• Power solve data (ERC Data Templates) with 
customer data

• Customer billing data

Finding out their 
relations

Estimating peak loads at pole transformers

Establish the Methodology of Peak Loss Estimation of Pole Transformers

9

Establish the methodology of loss evaluation values

0.3Loss factor

kW1Peak Loss reduction

5 PHP/kWhUnit value

10

Establish the Methodology of Peak Loss Evaluation Values

PHP/kW/10 year131,400Cost saving for 10 years

PHP/kW/5 year65,700Cost saving for 5 years

PHP/year13,140Cost saving for a year

PHP/kW/15 year197,100Cost saving for 15 years

%/year3Inflation rate

PHP/kW/15 year196,729Cost saving for 15 years

%/year10Interest rate

%/year4Load growth

Method 1

Considering load growth, interest rate and inflation rate

Method 2

Juts considering one‐year cost saving multiplied by certain years

•Other factors affecting: evaluation period, using PHP/kW

•Methodology to be formulated for evaluation

* Assuming LF=0.3 5php/kWh
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Resistance and Capacities of MV(13.2 kV) Line Conductors

5300.173336.4

4600.217266.8

1.391

0.876

0.55

0.436

0.345

0.274

Resistance Three‐phase
ohms per phase per km. of 
line (source: DX3430.48)

1404

1802

2301/0

2702/0

3003/0

3404/0

Capacity
(A)

Line Type

12

Peak Loss in MV(13.2 kV) Lines (KW/km & million PHP/15years)
(3 phase)

Line

Type
Peak Current

(A)
20 30 40 50 60 70 80 90 100 110 120 130 140 150 200

336.4 0.21 0.47 0.83 1.30 1.87 2.54 3.32 4.20 5.19 6.28 7.47 8.77 10.17 11.68 20.76

4/0 0.33 0.74 1.32 2.06 2.96 4.03 5.26 6.66 8.22 9.95 11.84 13.89 16.11 18.50 32.88

3/0 0.41 0.93 1.66 2.59 3.73 5.07 6.62 8.38 10.35 12.52 14.90 17.49 20.29 23.29 41.40

2/0 0.52 1.18 2.09 3.27 4.71 6.41 8.37 10.59 13.08 15.83 18.84 22.11 25.64 29.43 52.32

1/0 0.66 1.49 2.64 4.13 5.94 8.09 10.56 13.37 16.50 19.97 23.76 27.89 32.34 37.13 66.00

2 1.05 2.37 4.20 6.57 9.46 12.88 16.82 21.29 26.28 31.80 37.84 44.41 51.51 59.13

4 1.67 3.76 6.68 10.43 15.02 20.45 26.71 33.80 41.73 50.49 60.09 70.52

Loss (kW/km)

Line

Type
Peak Current

(A)
20 30 40 50 60 70 80 90 100 110 120 130 140 150 200

336.4 0.01 0.03 0.05 0.09 0.12 0.17 0.22 0.28 0.34 0.41 0.49 0.58 0.67 0.77 1.36

4/0 0.02 0.05 0.09 0.14 0.19 0.26 0.35 0.44 0.54 0.65 0.78 0.91 1.06 1.22 2.16

3/0 0.03 0.06 0.11 0.17 0.24 0.33 0.44 0.55 0.68 0.82 0.98 1.15 1.33 1.53 2.72

2/0 0.03 0.08 0.14 0.21 0.31 0.42 0.55 0.70 0.86 1.04 1.24 1.45 1.68 1.93 3.44

1/0 0.04 0.10 0.17 0.27 0.39 0.53 0.69 0.88 1.08 1.31 1.56 1.83 2.12 2.44 4.34

2 0.07 0.16 0.28 0.43 0.62 0.85 1.11 1.40 1.73 2.09 2.49 2.92 3.38 3.88

4 0.11 0.25 0.44 0.69 0.99 1.34 1.75 2.22 2.74 3.32 3.95 4.63

million

PHP/km/15ye

ars
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Total Cost including Construction for 15 years in Case of 
New MV(13.2 kV) Lines (3 Phase)

Suitable Size for Construction

Line

Type
Peak Current

(A)
20 30 40 50 60 70 80 90 100 110 120 130 140 150 200

336.4 0.80 0.85 0.92 1.01 1.12 1.26 1.41 1.58 1.78 1.99 2.23 2.48 2.76 3.06 4.85
4/0 0.52 0.60 0.71 0.86 1.04 1.25 1.49 1.76 2.07 2.41 2.79 3.19 3.63 4.10 6.93
3/0 0.40 0.50 0.64 0.83 1.05 1.32 1.62 1.97 2.36 2.79 3.26 3.77 4.32 4.91 8.48
2/0 0.40 0.53 0.71 0.94 1.23 1.56 1.95 2.39 2.88 3.42 4.01 4.65 5.35 6.10 10.6
1/0 0.37 0.53 0.76 1.05 1.41 1.83 2.32 2.87 3.49 4.17 4.92 5.74 6.61 7.56 13.2
2 0.39 0.64 1.01 1.47 2.04 2.72 3.49 4.37 5.36 6.45 7.64 8.93 10.3 11.8
4 0.46 0.87 1.45 2.19 3.09 4.16 5.39 6.79 8.36 10.1 12.0 14.0

million

PHP/km/15ye

ars
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Total Cost including Construction for 5 years in Case of New 
MV(13.2 kV) Lines (3 Phase)

Suitable Size for Construction

Line Type
Peak Current

(A)
20 30 40 50 60 70 80 90 100 110 120 130 140 150 200

336.4 0.77 0.78 0.81 0.84 0.88 0.92 0.97 1.03 1.10 1.17 1.25 1.33 1.42 1.52 2.12
4/0 0.47 0.50 0.54 0.59 0.65 0.72 0.80 0.89 0.99 1.11 1.23 1.37 1.51 1.67 2.61
3/0 0.35 0.38 0.43 0.49 0.56 0.65 0.75 0.87 1.00 1.14 1.30 1.47 1.65 1.85 3.04
2/0 0.33 0.37 0.43 0.51 0.61 0.72 0.85 0.99 1.16 1.34 1.53 1.75 1.98 2.23 3.73
1/0 0.28 0.34 0.41 0.51 0.63 0.77 0.93 1.12 1.32 1.55 1.80 2.07 2.36 2.68 4.58
2 0.25 0.33 0.45 0.61 0.80 1.02 1.28 1.58 1.91 2.27 2.67 3.10 3.56 4.06
4 0.24 0.38 0.57 0.82 1.12 1.47 1.88 2.35 2.87 3.45 4.08 4.76

million

PHP/km/5year

s

15

• Standardized conductor size for bulk MV lines and MV 
system configuration for loss reduction and 
enhancement of power supply reliability to be 
established.
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Example of MV (13.2 kV) System Configuration for Low 
Demand Density Area

4/0(3p)

Substation

2‐3 MW (100‐150 A) at Peak

4/0(3p)
4/0(3p)

4/0(3p)

13.2 kV

2‐3 MW (100‐150 A) at Peak

2‐3 MW (100‐150 A) at Peak

2‐3 MW (100‐150 A) at Peak

10 MVA
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Example of MV (13.2 kV) System Configuration with Interconnections 
for Low Demand Density Area

2‐3 MW

2‐3 MW

2‐3 MW

2‐3 MW2‐3 MW

2‐3 MW

2‐3 MW

2‐3 MW 2‐3 MW

2‐3 MW

2‐3 MW

2‐3 MW

2‐3 MW 2‐3 MW

2‐3 MW

2‐3 MW

4/0

4/0 4/0

4/0

4/0
4/0

4/0

4/0 4/0

4/0

4/0

4/0

4/0

4/0

4/0

4/0

Interconnection

18

Example of MV (13.2 kV) System Configuration for High Demand 
Density Area

336.4(3p)

Substation

336.4(3p)
336.4(3p)

336.4(3p)

13.2 kV

10 MVAx2

4‐5 MW (200‐250 A) at Peak

4‐5 MW (200‐250 A) at Peak

4‐5 MW (200‐250 A) at Peak

4‐5 MW (200‐250 A) at Peak

19

• Comparing 22 kV and 13.2 kV
– Cost benefit analysis

– Other factors

• Studying 22 kV System
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Amorphous Transformer Pilot Project

1. Load Data Measurement (with clamp‐on meters for peak and off‐peak)

2. Amorphous Transformers Measurement / Installation

3. Existing Pole‐transformers Measurement with a Power Tester

4. Estimate Loss Reduction with Amorphous Transformers

SubstationMV Line ( 3φ11kV) Substation

Wh record 

(A) Replacement Project (Measurement conventional and amorphous transformer)

(B) Splitting LV Loads Project

•Identifying locations with large voltage drops and heavy loads

•Installation of Amorphous Transformers

•Confirm its effects on loss reduction with using SynerGEE

21
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<Ref> Transmission & Distribution Loss Ratio of TEPCO

%

Year

22

<Ref> TEPCO’s Distribution System

• Transmission system
500 kV, 275 kV, 154 kV, 66 kV

• Distribution system
22 kV : Three phase‐four wires (Neutral point grounding)

6.6 kV : Three phase‐three wires (No‐grounding)

LV

 
23

<Ref> 66/6.6kV Substation of TEPCO

10MVA x 3 or 2Other areas

20 MVA x 3Tokyo/ Urban areas surrounding Tokyo 

30 MVA x 3High demand density area

ScaleArea

410 MVA

415 MVA

720 MVA

830 MVA

Standard number of feedersCapacity of a transformer

* 1 feeder: around 2-3MW at peak load
24

<Ref> System Configuration of 6.6kV Overhead System

• In case of a fault, one section can be supplied from 
another feeder.

6.6kV

Normally opened

Normally closed Divided into 3 main sections

25

<Ref> Capacity of Bulk Lines of 6.6 kV

300‐360*230‐270*General

600450‐530*Large 
Capacity

Overhead

Underground

400260General

600400Large 
Capacity

Short time capacity (A)Capacity (A)

Capacity of Bulk lines

* Depending on the types of automatic control scheme or conductors
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<Ref> Typical Conductors used for 22 kV and 6.6 kV system

ACSR 120 m2 (0.25 Ω/km)

ACSR 32 mm2 (0.928 Ω/km)

HAL 240 mm2 (0.122 Ω/km)

‐

‐

Aluminum

General

Large Cap.

General

Large Cap.

Application

‐SN‐OE

‐SN‐OC6.6 kV

100 mm2CVT‐SS

200 mm2HCVT‐SS22 kV

Copper

SizeType name

* Other types are used for salty areas etc.

27

22kV System

22 kV Distribution 
Stations or 
Customers

Normally closed

Normally opened

substation

substation

•Dual Supply System (OH and UG)

•Multi‐dividing  Multi‐Connecting System (OH)

•Loop System (OH)

substation

Peak Loading level 67%

Peak Loading level 67%

Peak Loading level 50 %
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11．．Method of Loss Reduction forMethod of Loss Reduction for
MediumMedium Voltage Line Voltage Line 

22．．Sample Analysis of Loss ReductionSample Analysis of Loss Reduction
for for ＭＭV Line using V Line using SynerGEESynerGEE

33．．Propose for appropriatePropose for appropriate
mechanism to transfer loss mechanism to transfer loss 
reduction method to all reduction method to all ECsECs

44．． IncentiveIncentive systemsystem
(I(Introductionntroduction of Frontof Front--lineline
Workplaces Activities in TEPCO)Workplaces Activities in TEPCO)
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Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

Target Facilities Remarks

High Operation

High Operation

Unbalence line

Low Power Factor line

Multi-interconnection
system

Effective method for
multi-interconnection
system

LV Line High Operation
Capable of displaying
by color on SynerGEE

Small -> Big High Operation

Big -> Small Low Operation

High Operation

High Operation

MV Line

Switching optimization

Capable of displaying
by color on SynerGEE

Incapable of
displaying by color on
SynerGEE
Only numerical
results

Category

Transformer
&

LV Line

Countermeasure

Line

Capacity Changing

Load Dividing

Load Centering

Load Balancing

Transformer:
Incapable of
displaying by color on
SynerGEE
Only numerical
results

Line Thickening

Line Thickening

Parallel Circuit

Capacitor placement/replacement

1.1 Method of Loss Reduction for Medium Voltage Line1.1 Method of Loss Reduction for Medium Voltage Line

3©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

1.2 Method of Loss Reduction for 1.2 Method of Loss Reduction for ＭＭV Line (1)V Line (1)

<Line Thickening>

• Thicken MV line to upper size
• For high operation ratio MV line
• Lower operation ratio of MV line

 High operation ratio  Lower operation ratio

Reduction of line lossReduction of line loss

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

Review of
2nd work shop
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Line Type : 1/0
Length : 200m
O.R. : 90% (207A)
Loss : 4.71kW

O.R. : Operation Ratio

Line Type : 4/0
Length : 200m
O.R. : 61% (207A)
Loss : 2.35kW

 Cost for Measure

 Amount of Money for Loss Reduction

Construction Fee : 4/0 * 200m 44,087 PHP
Removal Fee : 1/0 * 200m 1,860 PHP

Loss Reduction : 2.36kW 464,278 PHP

Total Effect :  418,331  PHPTotal Effect :  418,331  PHP

Subtotal : 45,947 PHPSubtotal : 45,947 PHP

Subtotal : 464,278 PHPSubtotal : 464,278 PHP

1.2 Method of Loss Reduction for 1.2 Method of Loss Reduction for ＭＭV Line (1)V Line (1)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

Review of
2nd work shop

*Total loss reduction value:196,728PHP/kW

5©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

BeforeBefore

AfterAfter MV 4/0 ACSR 200m

MV 1/0 ACSR 200m

1.2 Method of Loss Reduction for 1.2 Method of Loss Reduction for ＭＭV Line (1)V Line (1)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

Review of
2nd work shop
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Before

MV 1/0 90% (207A) 3.98kW

Subtotal 3.98kW

After

MV 4/0 61% (207A) 2.10kW

Subtotal 2.10kW

Loss Reduction 1.88kW

1.2 Method of Loss Reduction for 1.2 Method of Loss Reduction for ＭＭV Line (1)V Line (1)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

Review of
2nd work shop
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<Parallel Circuit>

• Install new MV line
• For high operation ratio MV line
• Lower operation ratio of MV line

 High operation ratio  Lower operation ratio

Reduction of line lossReduction of line loss

1.3 Method of Loss Reduction for 1.3 Method of Loss Reduction for ＭＭV Line (2)V Line (2)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line
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Line Type : 4/0
Length : 200m
O.R. : 90% (306A)
Loss : 5.13kW

O.R. : Operation Ratio

Line Type : 4/0 * 2
Length : 200m
O.R. : 45% (153A)
Loss : 1.28*2=2.57kW

 Cost for Measure

 Amount of Money for Loss Reduction

Construction Fee : 4/0 * 200m 44,087 PHP

Loss Reduction : 2.56kW 503,623 PHP

Total Effect :  Total Effect :  4459,536  PHP59,536  PHP

Subtotal : 44,087 PHPSubtotal : 44,087 PHP

Subtotal : 503,623 PHPSubtotal : 503,623 PHP

1.3 Method of Loss Reduction for 1.3 Method of Loss Reduction for ＭＭV Line (2)V Line (2)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

*Total loss reduction value:196,728PHP/kW
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BeforeBefore

AfterAfter MV 4/0 * 2 ACSR 200m

MV 4/0 ACSR 200m

1.3 Method of Loss Reduction for 1.3 Method of Loss Reduction for ＭＭV Line (2)V Line (2)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line
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Before

MV 4/0 90% (306A) 4.59kW

Subtotal 4.59kW

After

MV 4/0 50% (153A) 1.15kW

Subtotal 2.30kW
Loss Reduction 2.29kW

1.3 Method of Loss Reduction for 1.3 Method of Loss Reduction for ＭＭV Line (2)V Line (2)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

MV 4/0 50% (153A) 1.15kW
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< Line Thickening >

 Input line length and operation ratio
 Capable of checking total effect of loss reduction

Current Facilities

Changed Facilities

Total Effect (PHP)

Input Data

1.4 Evaluation of suitable size for 1.4 Evaluation of suitable size for ＭＭV line  (1)V line  (1)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

Review of
2nd work shop
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<Parallel Circuit>

 Input line length and operation ratio
 Capable of checking total effect of loss reduction

Current Facilities

Total Effect (PHP)

Input Data

1.5 Evaluation of suitable size for 1.5 Evaluation of suitable size for ＭＭV line  (2)V line  (2)

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line
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1.6 Matrix for suitable size for 1.6 Matrix for suitable size for ＭＭV line V line 

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line

Operation rate< Line Thickening >

<Parallel Circuit>

Current size Suitable size 14©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

1.7 Image of 1.7 Image of ideal MV line system based on lossideal MV line system based on loss
reduction evaluationreduction evaluation

4/0 3/0
3/0

3/0

S/S

Center

Suitable size

Suitable size

Suitable size
Suitable size

Suitable size

Suitable size

Method of Loss Reduction for Method of Loss Reduction for MediumMedium Voltage LineVoltage Line
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11．．Method of Loss Reduction forMethod of Loss Reduction for
MediumMedium Voltage Line Voltage Line 

22．．Sample Analysis of Loss ReductionSample Analysis of Loss Reduction
for for ＭＭV Line using V Line using SynerGEESynerGEE

33．．Propose for appropriatePropose for appropriate
mechanism to transfer loss mechanism to transfer loss 
reduction method to all reduction method to all ECsECs

44．． IncentiveIncentive systemsystem
(I(Introductionntroduction of Frontof Front--lineline
Workplaces Activities in TEPCO)Workplaces Activities in TEPCO)
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2.1 Model of Sample Analysis2.1 Model of Sample Analysis

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE

Substation: GUAGUA S/S
Feeder: F2S1T2
Demand: 3,455kW
Power factor: 98%
Connected customer: 9,605
Connected kWh: 1,593,549
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2.2 Result of Sample Analysis before 2.2 Result of Sample Analysis before countermeasure(Acountermeasure(A))

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE

18©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

2.2 Result of Sample Analysis before 2.2 Result of Sample Analysis before countermeasure(Bcountermeasure(B))

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE
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2.2 Result of Sample Analysis before 2.2 Result of Sample Analysis before countermeasure(Ccountermeasure(C))

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE
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SynerGEE
Display color

4 4 4/0

2 2 4/0

1/0 1/0 4/0

2/0 2/0 4/0

3/0 3/0 4/0

4/0

3/0 4/0

1/0 3/0

2/0 4/0

4/0

2 3/0 3/0 4/0

3/0

4

2

1/0

2/0

3/0 4/0 4/0

4/0 4/0

4/0 4/0

Operation
rate

3/0

0.1

1/0 3/0

0.8-1.0

4/0 4/0

4/0

0.6

4/0 4/0

0.2 0.3 0.70.4 0.5
0-0.09

2.3 Necessary countermeasure for loss reduction2.3 Necessary countermeasure for loss reduction

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE

Line Type : 2 (3-phase)
Length : 767m

Line Type : 1/0 (3-phase)
Length : 2,212m

Line Type : 2/0 (3-phase)
Length : 1,187m

Line Type : 4/0 (3-phase)
Length : 767m

Line Type : 4/0 (3-phase)
Length : 2,212m

Line Type : 4/0 (3-phase)
Length : 1,187m
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2.4 Result of Sample Analysis before countermeasure2.4 Result of Sample Analysis before countermeasure

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE
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2.4 Result of Sample Analysis before countermeasure (A)2.4 Result of Sample Analysis before countermeasure (A)

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE
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2.4 Result of Sample Analysis before countermeasure (B)2.4 Result of Sample Analysis before countermeasure (B)

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE
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2.4 Result of Sample Analysis before countermeasure (C)2.4 Result of Sample Analysis before countermeasure (C)

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE
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2.5 Effect of countermeasure

Sample Analysis of Loss Reduction for Sample Analysis of Loss Reduction for ＭＭV Line V Line 
using using SynerGEESynerGEE

 Cost for Measure

 Amount of Money for Loss Reduction (result from SynerGEE)

Construction Fee : 4/0 * 4,166m 1,884,940 PHP
Removal Fee : 2    *    767m           11,190 PHP

1/0 * 2,212m 43,165 PHP
2/0 * 1,187m           28,792 PHP

Loss Reduction : 64.5kW            12,688,956 PHP

Total Effect :  10,720,869  PHPTotal Effect :  10,720,869  PHP

Subtotal : 1,968,087 PHPSubtotal : 1,968,087 PHP

Subtotal : 12,722,526 PHPSubtotal : 12,722,526 PHP

Construction Fee : 4/0(3-phase)  452,458 PHP/km
Removal Fee : 2(3-phase) 14,590 PHP/km

1/0(3-phase) 19,514 PHP/km
2/0(3-phase) 24,256 PHP/km

Before: 308.2kW
After:    243.7kW

*Total loss reduction value:196,728PHP/kW

©2012 The Tokyo Electric Power Company, INC. All Rights Reserved

11．．Method of Loss Reduction forMethod of Loss Reduction for
MediumMedium Voltage Line Voltage Line 

22．．Sample Analysis of Loss ReductionSample Analysis of Loss Reduction
for for ＭＭV Line using V Line using SynerGEESynerGEE

33．．Propose for appropriatePropose for appropriate
mechanism to transfer loss mechanism to transfer loss 
reduction method to all reduction method to all ECsECs

44．． IncentiveIncentive systemsystem
(I(Introductionntroduction of Frontof Front--lineline
Workplaces Activities in TEPCO)Workplaces Activities in TEPCO)
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Propose for appropriate mechanism to transfer Propose for appropriate mechanism to transfer 
loss reduction method to all loss reduction method to all ECsECs

DOEDOE
 Distribution 

Development 
Plan

ERCERC
 Philippines 

Distribution Code
 Electric 

Cooperative’s 
Distribution Utility 
Planning Manual

NEANEA
Loss Reduction 

Manual
Engineering 

Bulletins, etc

ECsECs
Feedback

Coordination

Distribution

Coordination

JICA 
TA Team

Proposal

3.1 Image of establishment of Loss Reduction Manual

SelectedSelected
ECsECs

(7 (7 ECsECs) ) 

Discussion
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Propose for appropriate mechanism to transfer Propose for appropriate mechanism to transfer 
loss reduction method to all loss reduction method to all ECsECs

3.2 Draft Contents of ManualDraft Contents of Manual

1 Introduction
2 Economic Values of Technical Loss Reduction
3 Methodology of O&M for Data Arrangement of Loss  

Analysis
4 Identifying Countermeasures against Technical Losses for 

Low Voltage System
5 Identifying Countermeasures against Technical Losses for 

Medium Voltage System
6 Installation of Substations / Upgrading Voltage of Medium 

Voltage System

7 Non-technical Loss Reduction

Important to revise periodically for reflecting new techniques
and good practices
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Propose for appropriate mechanism to transfer Propose for appropriate mechanism to transfer 
loss reduction method to all loss reduction method to all ECsECs

3.3 Revision method of Loss Reduction Manual

PDCA Cycle

Submit
a proposal

to ERC

Lateral spread
to all ECs

Revision of Loss Reduction Manual reflecting new techniques and good practices

Implementation
and Evaluation
of the Project
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Propose for appropriate mechanism to transfer Propose for appropriate mechanism to transfer 
loss reduction method to all loss reduction method to all ECsECs

3.4 Sample of Loss Reduction Sheet
Good Practices for System Loss Reduction

No. PELCO-99(Sample)

EC Name PELCO2

Project Name Backbone Line Thickening

Outline of Project
Find out the main loss generation point of MV line by analyzing MV distribution line
using SynerGEE.
Change the conductor from 2 ACSR, 1/0 ACSR, 2/0 ACSR to 4/0 ACSR.

Picture

Project Piriod From May, 2012 to Octorber 2012 

Estimate Loss Reduction Amount of Money for Loss Reduction (result from SynerGEE) Loss Reduction :  64.5kW

Real Loss Reduction Plan to measure the actual line after completion of work

Project Cost
Construction Fee :  4/0 * 4,166m  1,884,940 PHP
Removal Fee :  2 * 767m = 11,190 PHP, 1/0 * 2,212m = 43,165 PHP, 2/0 * 1,187m = 28,792 PHP
Total : 1,968,087 PHP

Benefit

Loss Reduction: 64.5kW (Before: 308.2kW, After: 243.7kW)
 *Total loss reduction value:196,728PHP/kW
Benefit from loss reduction: 12,722,526 PHP
Total benefit: 10,720,869  PHP

IRR

Remark (if it has)

Before After
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11．．Method of Loss Reduction forMethod of Loss Reduction for
MediumMedium Voltage Line Voltage Line 

22．．Sample Analysis of Loss ReductionSample Analysis of Loss Reduction
for for ＭＭV Line using V Line using SynerGEESynerGEE

33．．Propose for appropriatePropose for appropriate
mechanism to transfer loss mechanism to transfer loss 
reduction method to all reduction method to all ECsECs

4． Incentive system
(Introduction of Front-line
Workplaces Activities in TEPCO)
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Incentive system (Introduction of Front-line
Workplaces Activities in TEPCO)

High demand for the quality of electric power
and services 
Necessity of the cost reduction
Necessity of the company system reform

Background

Steps 
toward 

activity of 
reform

Fiscal year
0

1,000

3,000

5,000

7,000

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

4.1 Quality Control (QC) Circle Activity
( not only loss reduction activities but all activities) 
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Change from QC circle activity to PI solving activity
To associate the name of circle activity with extra
activity from work and compulsory work
No means for requesting reforms to other section and
management division
To assume that it must be completed within own section

Change in name to PI solving activity
Assessment of tackling to other section
Establishment of  means for requesting reforms to

other section and management division through
changing of manual

Lately 
issue

Point of 
review

PI solving activity Start！
FY 1995

4.2 Priority Issue (PI) Solving Activity

Incentive system (Introduction of Front-line
Workplaces Activities in TEPCO)
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4.3 Business Improvement Activity

Accessible and Immediate Improvement, which Employees
voluntarily think, devise and do by themselves  (since 1956)

ex)  Reuse of blank backside of Printed Papers, 
Creation of Guide for exceptional billing treatment,
Creation of Administration table for taking out mobile PCs

Target is to pursue mobility and
a number of proposals

Rewarded with 500 to 15,000 PHP
according to estimation at their office

“Petit Improvement” * is acceptable
since 2003

* This Proposal level is not so high but estimated as “Improvement” in any way

ex)  Reuse of Post-it (Sticky note), 
Posting of Reminders on car doors for ensuring parking-break

[number]

20775

60220

83363

107091

102538

99224

19255

18561

15658

14423

1181712122

12774
0

20000

40000

60000

80000

100000

120000

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Fig.  The number of proposals in recent years
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Incentive system (Introduction of Front-line
Workplaces Activities in TEPCO)
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4.4 President Award System

President
Award

Remarkable Cases can be rewarded as the President Award
Maximum Reward Incentive is 250,000 PHP

TEPCO incorporate “Business Improvement Activity” and
“PI solving activity” into President Award System

Business Improvement 
Activity

PI Solving
Activity

Business Achievement

Work Process 
Streamlining

Safety with 
Zero Casualty

Incentive system (Introduction of Front-line
Workplaces Activities in TEPCO)
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Background

• The rate of self‐sufficient of energy in the Philippines 
is low compared with other Asian countries. Energy 
policies state the enhancement of energy efficiency 
in the Philippines.

• For years both NEA and ECs have come up with 
strategic initiatives that will reduce power 
distribution loss levels.

• NEA sought the assistance of JICA which sent the 
Technical Assistance Team to provide necessary 
support to develop technical capacity and planning 
abilities of ECs to reduce distribution system losses.

4

Self Sufficient Energy Ratios of Asian Countries
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Source: Energy Balances of OECD / non‐OECD 
Countries 2009  
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Purposes

• The main purpose of this Project is to provide 
necessary support to improve the skills for 
loss reduction planning and its technology of 
NEA and ECs.

7 targeted ECs

• ISELCO I (Isabela 1)

• PELCO II (Pampanga 2)

• FLECO (First Laguna)

• CASURECO II (Camarines Sur 2)

• CASURECO IV (Camarines Sur 4)

• SORECO I (Sorsogon 1) 

• LEYECO III (Leyte 3)
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Goals

• Output 1: Total management 
manuals for system loss reduction
– To support NEA and EC staff in 

the smooth implementation of 
the power distribution loss 
reduction plans by 
summarizing their procedures. 

• Output 2: Support for quantitative 
evaluation of system loss 
– To introduce Software with 

mapping fuctions
– Amorphous Distribution 

Transformer Pilot Project 

• Output 3: Support  for upgrading 
the present mid‐voltage to 23kV 
and its technical design standards
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Workflow carried out since Mar.2011

Output 1
Loss reduction manual

Output 1
Loss reduction manual

Output 2
Loss evaluation method

Output 2
Loss evaluation method

Output 3
23 kV support system

Output 3
23 kV support system

5th & 6th

Survey

2012

Make draft manual & 
checklist

Discuss 
schedule with 

JICA, NEA 
and ECs

Discuss with NEA

7th & 8th
Survey

AMT Project

Provide 
software

Software Training

9th
Survey

1st 
Year
2011

Preliminary Analysis (Case Study)

Implement loss reduction analysis 
of 13.2 kV line by JICA team

Data collection and 
review current situation

Implement loss 
reduction analysis of 23 

kV line by JICA team

Software
training Procure AMT

Install AMT
Site survey

Data collection and 
review current situation

Make standard design 
& guideline

Select candidate area 
for 23 kV system

Candidate site survey of 
23kV upgrading

Evaluate AMT

Modeling by 
ECs

Revise manual and 
discuss with NEA

Finalize manual

Report results of overall activities

7th survey
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ECs’ Distribution Loss Ratios

Some ECs could achieve single digit loss ratio. But more could be 
reduced.
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Distribution loss estimated as around 3%.
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Japanese Utilities' Transmission & Distribution Loss 
Ratios
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Counterpart Training in Japan
Mar.2012 & Sep.‐Dec.2012

• Participants visited the Japanese Major Manufacturers.

• Various distribution facilities in Tokyo and Shikoku were good 
reference to understand urban distribution system of Japan.
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Technical Situations of Some ECs
‐ From the Results of Site Surveys in 2011

• There are some;

– substations with its heavy load
• CASURECOII, ISELCOI, FLECO, etc.

– large length medium voltage lines 
and their single phase lines

• CASURECOII, CASURECOIV, etc.

– pole transformers with too much 
capacities or insufficient capacities

• most Ecs

– too much technical loss

• SORECOI, etc.

JICA provided Clamp‐on 
Meters targeted ECs and NEA.
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AMDT Project

• On mid of Nov. 2012 JICA and three ECs (FLECO, ISELCO1 and 
PELCO2) conducted Factory Test of Amorphous Distribution 
Transformers at Philec factory and they received 9 AMDTs
each from JICA.

• EC staff could measure the effects of amorphous with their 
own measurement equipments and confirm the superiority of 
the amorphous transformers. 
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Distribution Analysis Software

• PowerSolve

• Suitable for Segregation of Distribution System 
Losses

• SynerGEE

• Mapping image, detailed results of loss causing 
locations and easy to find out loss reduction options 

JICA provided targeted ECs
and NEA with SynerGEE and its 
training course.
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Contents of Loss Reduction Manual

• Introduction

• Economic Evaluation for Technical Loss Reduction

• Methodology of O&M for Data Arrangement of Loss Analysis

• Identifying Countermeasures against Technical Losses for the 
LV System

• Identifying Countermeasures against Technical Losses for MV 
System

• New Installation of Distribution Substation and Upgrading MV 
Network

• Using SynerGEE

• Non‐Technical Loss Reduction Activities Summarizing 
NEA&ECs know‐
how. 
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Description of Manual

• Economical Evaluation
• Utilizing Distribution Software
• Adoption of larger size 

conductors
• Recommendation to the 

selection of the appropriate 
sizes of transformers

• Loss reduction effects of the 
amorphous transformers

• Criteria for application of 23 kV
• Summary of the activities for 

non‐technical loss reduction by 
NEA and ECs. 
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Concept of Seeking Appropriate Measures for Loss 
Reduction

Cost of facilities

Investment for loss reduction

Cost of power losses

Total cost

Cost

Without projects

With projects

Cost of facilities

Investment for loss reduction

Cost of power losses

Total cost

Cost

Without projects

With projects
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Conductor Losses

Loss (Three Phase Line)
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Conductor 1 km loss sometimes reaches an 
amount of load of a pole transformer !

Summary and Recommendation

•Utilization of Manual and Distribution Analysis Software

•Upgrading Medium Voltage to 23kV

•Application of Amorphous Transformers
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Utilization of Manual and Distribution Analysis 
Software

• The System Loss Reduction Manual has been prepared and 
quantitative evaluation of system loss using the distribution 
analysis software would be supported.

• The institutional promotion system of Manual should be 
established by NEA and ECs to become able to implement its 
recommendation and revise them in case of change in the 
situations. 

• Database should be maintained to promote to making system 
models on the distribution analysis software.

• We recommend that many loss reduction plans should be 
looked into that are able to yield benefits far exceeding costs 
for its measures by utilization of this Manual.
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Upgrading Medium Voltage to 23kV

• The voltage upgrading of medium voltage systems 
was preliminary studied and its technical guideline 
was recommended in the Manual. 

• It can be found out that in some cases the 
application of 23 kV may be superior to 13.2 kV from 
the economic point of view. 

• We recommend that the detailed studies should be 
implemented for the evaluation of the candidate 
sites of 23 kV upgrading regarding their feasibility, 
costs and benefits brought by loss reduction. 
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An Example of 23kV Upgrading

6 MW at 
peak

10 km

Conductor 
4/0

13.2 kV

189 kW

lost

6 MW at 
peak

10 km

Conductor 
4/0 *

23 kV

62 kW

lost

Loss saved by 23 kV 
to a third of 13.2 kV

*but, conductor 336.4 may be more 
preferable.  
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Effects of 23kV Upgrading

• We can expect,

The Technical Loss Reduction

Max. 60% down60% down for MV System

(20% for Whole System)

The Extension of Power Supply Area

Max. 70% up70% up

(Improvement of Voltage Drop)

The Capacity Reinforcement

Max. 70% up70% up per feeder

(In terms of  Supply Power)

24

23kV Upgrading

69 kV

13.2 kV

Distribution
Substation
Transformer

13.2kV 
CB

Distribution 
Substation

23kV

Manual describes;
‐ Effective changeover procedures using 
existing 13.2kV facilities together with 23kV 
facilities. 
‐ Gradual propagation with replacement of 
aged facilities.

with minimum impact
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Application of Amorphous Transformers

• The amorphous transformer pilot project has been 
executed. Its effects on loss reduction could be 
confirmed.

• We recommend that the installation of amorphous 
transformers should be promoted in all the ECs with 
their adequate economic evaluation.
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Interactive Four Step Management

Planning Do

CheckAdjust

AppraisalAppraisal
(Project selection)(Project selection)

MonitoringMonitoring

Objectives of economical analysis

 Ascertain whether the investment in a planned project is valid from 
financial aspects.

 Ascertain whether an ongoing project is operating as effectively as 
planned.

©2013 The JICA TA TEAM. All Rights Reserved.

Project Assessment

A measure for 
loss reduction

Benefit estimation Cost estimation

Benefit > Cost?

Candidate

Selection from 
candidates

Rough estimation

Software

Select best candidates 
offering the best estimated 
benefit/cost ratio
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Quick benefit estimation

 Cost saving (=loss reduction value) is estimated by loss reduction 
(kW) at peak. 

Rough Benefit Estimation for Loss Reduction

kWkW

1 2 3 4 5 6 7 8 9 10 11 12

kW reduction at peak

Loss reduction value for 
multiple years (Php)

InputInput

OutputOutput

(cost saving)
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Rough Benefit Estimation for Loss Reduction

1 kW Loss reduction 
value for multiple years 

(Php/kW)
××

Loss reduction at 
peak (kW)

Loss reduction value for 
multiple years (Php)

==

Benefit Cost

Software 
calculation

Countermeasure cost for 
loss reduction (Php)

Analysis     
(Net Present 
Value etc.)

Calculation

 Loss reduction value can be obtained using 1 kW loss reduction value
(Php/kW) easily
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Rough Benefit Estimation for Loss Reduction

kW loss reduction at 
peak (kW)

××
Unit price 
(Php/kWh)

== Yearly Loss reduction 
value (Php/year)

kWh loss reduction pear yearkWh loss reduction pear year

Loss 
factor

×× 8760 hours ××

Loss reduction value for 
multiple years (Php)

InputInput

OutputOutput

Loss Factor = 0.15 X Load Factor +
0.85 X (Load Factor)2

Average Load (kW)
Load Factor = 

Peak Load (kW)

*NEA Engineering Bulletin DX3430
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Line Type : 1/0
Length : 200m
O.R. : 90% (207A)
Loss : 3.98kW

O.R. : Operation Ratio

Line Type : 4/0
Length : 200m
O.R. : 61% (207A)
Loss : 2.10kW

 Cost for Measure

 Benefit for Loss Reduction

Construction Fee : 4/0 * 200m 44,087 Php
Removal Fee : 1/0 * 200m 1,860 Php

Benefit : 1.88kW 368,725 Php

Total Effect :  322,778  Total Effect :  322,778  PhpPhp

Subtotal : 45,947 Subtotal : 45,947 PhpPhp

Subtotal Subtotal of 15y of 15y NPV : 368,725 NPV : 368,725 PhpPhp

Example of Economical Analysis

Unit Price/kWh        5.00Php
Interest Rate               10%
Inflation Rate                3%
Annual Load Growth    4%
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Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
Loss reduction
value  (a) 0 27,437 30,566 34,052 37,936 42,262 47,082 52,452 58,434 65,098 67,051 69,062 71,134 73,268 75,466 77730 751,299

Countermeasure
cost (b) -45,947 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -45,947

Cashflow
 (c) = (a) + (b) -45,947 27,437 30,566 34,052 37,936 42,262 47,082 52,452 58,434 65,098 67,051 69,062 71,134 73,268 75,466 77,730 705,351

Economical Analysis (Payback Period)

CF1 = 27,437 [Php] < 45,947 [Php]
CF1+F2 = 58,003 [Php] > 45,947 [Php]

The expected payback period is “2 years”

<Example>  Line reinforcement from 1/0 (90%) to 4/0 (61%)
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Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
Loss reduction
value  (a) 0 27,437 30,566 34,052 37,936 42,262 47,082 52,452 58,434 65,098 67,051 69,062 71,134 73,268 75,466 77730 751,299

Countermeasure
cost (b) -45,947 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -45,947

Cashflow
(c) = (a) + (b) -45,947 27,437 30,566 34,052 37,936 42,262 47,082 52,452 58,434 65,098 67,051 69,062 71,134 73,268 75,466 77,730 705,351

Economical Analysis (Net Present Value)

 Taking into account the value of time, the expected cash flow in the 
future is discounted into “present value” with “discount rate”

 The sum of present value is positive (+322,778)  
-The return of this project will satisfy investors expectation

Discounted at 10% as discount rate

∑ Cfi /(1.1)i = –45,947+ 27,437/1.1 + 30,566/(1.1)2 +…+ 77,730/(1.1)15

= +322,778 [Php]> 0
i=0

n

<Example>  Line reinforcement from 1/0 (90%) to 4/0 (61%)

Present value of
cashflow -45,947 24,943 25,261 25,584 25,911 26,241 26,577 26,916 27,260 27,608 25,851 24,206 22,666 21,223 19,873 18,608 322,778
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Economical Analysis (IRR)

 IRR (Internal Rate of Return) is a discount rate that results in net 
present value of zero for a series of cash flow 

 IRR is greater than the discount rate (10%)
-The Project is attractive to investors

Discounted at “r” as discount rate

∑ Cfi /(1+r)i = –45,947+ 27,437/(1+r) + 30,566/(1+r)2 +…+ 77,730/(1+r)15=0
i=0

n

r=70.8%

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
Loss reduction
value  (a) 0 27,437 30,566 34,052 37,936 42,262 47,082 52,452 58,434 65,098 67,051 69,062 71,134 73,268 75,466 77730 751,299

Countermeasure
cost (b) -45,947 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -45,947

Cashflow
 (c) = (a) + (b) -45,947 27,437 30,566 34,052 37,936 42,262 47,082 52,452 58,434 65,098 67,051 69,062 71,134 73,268 75,466 77,730 705,351

<Example>  Line reinforcement from 1/0 (90%) to 4/0 (61%)
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Thank you for your attention!

FinalFinal Work Shop on Work Shop on 
““The Project on System Loss Reduction forThe Project on System Loss Reduction for

Philippine Electric Cooperatives (ECPhilippine Electric Cooperatives (EC’’s)s)””

Junichi OHISHI / JICA TA Team
28th February, 2013

Methodology of O&M for Data Arrangement
of Loss Analysis

Identifying Countermeasures against Technical Losses
for the Low Voltage System
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Contents of This PresentationContents of This Presentation

1. Contents of Chapter 3
2. Outline of Chapter 3
3. Brief Explanation of Ch.3
4. Contents of Chapter 4
5. Outline of Chapter 4
6. Brief Explanation of Ch.4
7. Contents of Chapter 7
8. Brief Explanation of Ch.7
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1. Contents of Chapter 31. Contents of Chapter 3

Methodology of O&M for Data Arrangement of Loss Analysis

 Title

 Composition of this chapter
3.1. Network data
3.2. Load data

Chapter 3

©2013 The JICA TA TEAM. All Rights Reserved. 3

2. Outline of Chapter 32. Outline of Chapter 3

 Outline

Methodology about O&M of data for loss analysis is explained
in this chapter.

Load Data Network Data Technical Loss

Input Output

 Image of Technical Loss Calculation

O&M of these data is very importantO&M of these data is very important
for accurate loss calculation for accurate loss calculation 
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3. Brief Explanation of Ch. 33. Brief Explanation of Ch. 3

 Section 3.1 Network Data

 Examples of Network Data

 DSL data
 GIS Mapping data
 AutoCAD data
 SynerGEE data

Model of Actual SystemModel of Actual System

The actual system will be changed
by daily construction works

New connections, Repair works etc.Properly UpdateProperly Update

©2013 The JICA TA TEAM. All Rights Reserved. 5

New Connection Repair Work Data Difference

Revision Requiring Data

Addition  /  Modification  

Construction Division Design
Construction
Maintenance

Division

Data Collection

Update Confirmation

Data Addition / Modification

Revision Completion

Data backup if necessary

Periodic WorkPeriodic Work

Daily or Weekly or Monthly

 General Work Flow of Data O&M Work

3. Brief Explanation of Ch. 33. Brief Explanation of Ch. 3
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 Section 3.2 Load Data

 Examples of Load Data

 Customer’s Energy Consumption Data
 Feeder Current Data of Distribution Lines
 Distribution Transformer Load Data

Measured by Measurement DevicesMeasured by Measurement Devices
Recorded by Engineering StaffRecorded by Engineering Staff

1.1. Proper Data Record and StorageProper Data Record and Storage
2.2. Time Consistency of Facilities and DataTime Consistency of Facilities and Data

Two Important ItemsTwo Important Items

3. Brief Explanation of Ch. 33. Brief Explanation of Ch. 3
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 Proper Data Record and Storage

 Time Consistency of Facilities and Data

Load Data  - Basically Recorded by Engineering Staff (Manual)

Possibility of Errors or LacksPossibility of Errors or Lacks

 Confirm whether the data is peculiar or notConfirm whether the data is peculiar or not
 Recorded by selected staff at a decided time Recorded by selected staff at a decided time 

Load Data  - Changed by climate condition and system changes

Carefully check the consistency of the timingCarefully check the consistency of the timing
between the load data and the facilities databetween the load data and the facilities data

3. Brief Explanation of Ch. 33. Brief Explanation of Ch. 3
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4. Contents of Chapter 44. Contents of Chapter 4

Chapter 4
 Title

Identifying Countermeasures against Technical Losses for 
Low Voltage System

 Composition of this chapter
4.1. Methodology of calculation of operating status of

low voltage system
4.2. Options of countermeasures against technical losses

caused in low voltage system

4.3. Criteria of countermeasures against technical loss
reduction

4.4. Recommended capacity of transformer and size of
electric wire

4.5. Installation of amorphous using transformer 

My part

Mr. KEN’s part
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5. Outline of Chapter 45. Outline of Chapter 4

 Outline

Countermeasures against technical losses for low voltage system
is explained in this chapter.

 Section 1
It is important to grasp operating status of low voltage system.

Possible to find out facilities which need loss reduction

Two(2) methodologies are explained in this section.

1. Methodology based on DSL data
2. Methodology based on SynerGEE data  Chapter 7

 Section 2
General countermeasures are explained in this section.

 Explanation of each countermeasure
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 Section 4.1
Methodology of calculation of operating status of low voltage system

 Methodology based on the DSL data

 How to calculate operating status of low voltage system
 This section is based on the DSL data

•• Operation ratio of facilities Operation ratio of facilities 
•• Composition of facilities  etc.Composition of facilities  etc.

Possible to obtain necessary informationPossible to obtain necessary information

6. Brief Explanation of Ch. 46. Brief Explanation of Ch. 4
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DT Bus ID LV Bus ID LV Bus ID LV Bus ID LV Bus ID

Customer ID

Secondary Customer
Service Drop ID

From
Bus ID

To
Customer ID

KSA0202181170 G13300950-DE1 0202181170

Secondary Distribution
Line ID

From
Bus ID

To
Bus ID

OSA0080-CL DT11240080U-BUS G11240080-DE-CL

• Service drop line data

• Secondary line data

Confirm the connecting secondary line

Connecting the secondary line
-> Distribution transformer

MV Bus ID

 Image of composition image of DSL data

Source distribution transformer

Source secondary line

Service Drop

6. Brief Explanation of Ch. 46. Brief Explanation of Ch. 4
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Facilities operation ratio

Composition of facilities

6. Brief Explanation of Ch. 46. Brief Explanation of Ch. 4
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 Section 4.2
Options of countermeasures against technical losses caused
in the low voltage system

Category Target Facilities

LV Line High Operation

Small -> Big High Operation

Big -> Small Low Operation

High Operation

High Operation

Line Thickening

Combination
DT & LV Line

Countermeasure

Capacity Changing

Load Dividing

Load Centering

 Table of Countermeasures

6. Brief Explanation of Ch. 46. Brief Explanation of Ch. 4
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Example : Load DividingExample : Load Dividing
• Divide load of Tr and LV line ( add a same capacity Tr )
• For high operation ratio Tr and/or LV line
• Lower operation ratio of Tr and LV line

 High operation ratio Tr and/or LV line  Lower operation ratio

Reduction of load lossReduction of load loss

New Tr

6. Brief Explanation of Ch. 46. Brief Explanation of Ch. 4
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7. Contents of Chapter 77. Contents of Chapter 7

Chapter 7
 Title Using SynerGEE

 Composition of this chapter

7.1. Confirming the operating status of the distribution system

7.2. Procedure of load allocation
7.3. Power flow analysis
7.4. Method of capacitor placement using SynerGEE
7.5. Method of switching optimization using SynerGEE
7.6. Load balancing improvement using SynerGEE
7.7. Phase balancing improvement using SynerGEE

My part

Mr. Fujitani’s part
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8. Brief Explanation of Ch. 78. Brief Explanation of Ch. 7

 Section 7.1
Options of countermeasures against technical losses caused
in the low voltage system

 Composition of this section
1. Implementation of load flow by SynerGEE
2. Confirmation of operating status of distribution transformer
3. Confirmation of operating status of low voltage line

•• Operation ratio of facilities Operation ratio of facilities 
•• Composition of facilities  etc.Composition of facilities  etc.

Possible to obtain same information ofPossible to obtain same information of
Sec. 4.1. by using Sec. 4.1. by using SynerGEESynerGEE
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Run Load FlowRun Load Flow

   

 Making a feeder model
 Run load flow program
 Check results

Example : Distribution transformer

8. Brief Explanation of Ch. 78. Brief Explanation of Ch. 7

Economical Sizing of the Transformer and the Electric Economical Sizing of the Transformer and the Electric 
Wire of the Low Voltage System Wire of the Low Voltage System 

-- Introduction of AMDT Pilot ProjectIntroduction of AMDT Pilot Project--

Final Work Shop on Final Work Shop on 
““The Project on System Loss Reduction forThe Project on System Loss Reduction for

Philippine Electric Cooperatives (ECPhilippine Electric Cooperatives (EC’’s)s)””

KEN Kuwahara / JICA TA Team

28th February, 2013

 
©2013 The JICA TA TEAM. All Rights Reserved. 1

Loss Reduction of Low Voltage FacilitiesLoss Reduction of Low Voltage Facilities

1) Minimize the failures caused by overloaded conditions

2) Reduced core losses (Non-load losses) from inappropriate size

3) Reduced Copper losses (load losses) from inappropriate size

4) Minimize voltage fluctuation

5) Reduced voltage drop

1. The study of economical sizing for transformer

2. The study of economical sizing for Low voltage line 

3. The Pilot Study of Introduction AMDT

Contents

Concept to have Effective Low Voltage Facilities
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Aged Power Transformer ConditionAged Power Transformer Condition

Oil 
Leakage

Rust on the DT bottom
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Permissible Overload of Transformer

81%92%102%111%122%128%24
97%108%118%127%136%145%8

111%123%134%145%154%163%4
131%145%157%169%179%189%2
155%169%183%195%200%200%1
178%194%200%200%200%200%1/2

50℃40℃30℃20℃10℃0℃
Ambient in Degrees CHours of Peak 

Load

Equivalent Load in % of Rated KVA Before Peak Load: 50 %

The IEEE Guide for Loading Oil-Immersed Power Transformers 

Transformer
Load

Management 
SynerGEE®

HIOKI Power Analyzer
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Economical Sizing for Pole TransformerEconomical Sizing for Pole Transformer

(*1) PW O&M cost = (Initial Cost *10 %) * (((1+10%) ^ 30-1) / 10% / (1+10%) ^ 30)

(*1)Actual Copper Loss [W] = (Peak Load / Transformer Capacity / Power Factor)2 * Rated Copper Loss [W]

(*2) Energy Loss [W] = (Actual Copper Loss [W]×Loss Factor[%] + Core Loss[W])× 8760[H]

(*3) Annual Cost of Energy Loss [PHP] = Energy Loss [W]×Unit price [PHP /kWh]

(*4) PW Cost of Energy Loss [PHP] for 30 years = Annual Cost of Energy Loss*(((1+10%)30-1) / 10% / (1+10%)30)

CH4
P★

Case Study

20kW 
loading

©2013 The JICA TA TEAM. All Rights Reserved. 5

Result of the Case Study of TR SizingResult of the Case Study of TR Sizing
CH4
P★

0
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[Php]

[10kVA]
[15kVA]

[25kVA][37.5kVA]
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Summary : Economical Transformer SizingSummary : Economical Transformer Sizing
Peak Loads

(kw)
Proper

Capacity
10kVA Cost

[PHP]
15kVA Cost

[PHP]
25kVA Cost

[PHP]
37.5kVA Cost

[PHP]
50kVA Cost

[PHP]
75kVA Cost

[PHP]
Peak Loads

(kw)
Proper

Capacity
10kVA Cost

[PHP]
15kVA Cost

[PHP]
25kVA Cost

[PHP]
37.5kVA Cost

[PHP]
50kVA Cost

[PHP]
75kVA Cost

[PHP]

5 130,401 156,117 201,940 249,239 295,384 382,456
6 133,796 157,857 202,799 249,757 295,740 382,682
7 137,807 159,912 203,814 250,369 296,162 382,950
8 142,436 162,284 204,986 251,075 296,648 383,259
9 147,682 164,971 206,313 251,875 297,200 383,609

10 153,545 167,976 207,797 252,769 297,816 384,000
11 160,026 171,296 209,437 253,758 298,497 384,432
12 167,123 174,932 211,234 254,840 299,243 384,906
13 174,838 178,885 213,186 256,017 300,054 385,421
14 183,170 183,154 215,295 257,288 300,929 385,977
15 192,119 187,739 217,560 258,652 301,870 386,574
16 201,685 192,641 219,981 260,112 302,875 387,212
17 211,869 197,858 222,558 261,665 303,945 387,892
18 222,669 203,392 225,291 263,312 305,080 388,612
19 234,087 209,242 228,181 265,053 306,280 389,374
20 246,122 215,409 231,227 266,889 307,545 390,177
21 258,774 221,891 234,429 268,819 308,875 391,021
22 272,043 228,690 237,787 270,842 310,269 391,907
23 285,930 235,805 241,302 272,960 311,729 392,833
24 300,434 243,236 244,972 275,172 313,253 393,801

25 315,554 250,983 248,799 277,479 314,842 394,810
26 331,292 259,047 252,782 279,879 316,496 395,860
27 347,648 267,427 256,921 282,373 318,215 396,952
28 364,620 276,123 261,217 284,962 319,999 398,084
29 382,210 285,135 265,669 287,645 321,847 399,258
30 400,416 294,463 270,276 290,422 323,761 400,473
31 419,240 304,108 275,040 293,293 325,739 401,729
32 438,681 314,069 279,961 296,258 327,782 403,026
33 458,740 324,346 285,037 299,317 329,890 404,364
34 479,415 334,940 290,270 302,470 332,063 405,744
35 500,708 345,849 295,659 305,718 334,301 407,165
36 522,618 357,075 301,204 309,059 336,603 408,627
37 545,145 368,617 306,905 312,495 338,971 410,130
38 568,289 380,475 312,762 316,025 341,403 411,674
39 592,050 392,650 318,776 319,649 343,900 413,260

40 616,429 405,140 324,946 323,367 346,462 414,886
41 641,424 417,947 331,272 327,179 349,089 416,554
42 667,037 431,070 337,754 331,086 351,781 418,263
43 693,267 444,510 344,392 335,086 354,537 420,014
44 720,114 458,265 351,187 339,181 357,359 421,805
45 747,579 472,337 358,138 343,370 360,245 423,638
46 775,660 486,725 365,245 347,653 363,197 425,511
47 804,359 501,429 372,508 352,030 366,213 427,426
48 833,675 516,450 379,927 356,501 369,294 429,383
49 863,608 531,786 387,503 361,066 372,439 431,380
50 894,158 547,439 395,235 365,726 375,650 433,418
51 925,326 563,408 403,123 370,480 378,926 435,498
52 957,111 579,694 411,167 375,327 382,266 437,619
53 989,512 596,295 419,367 380,269 385,671 439,781
54 1,022,531 613,213 427,724 385,305 389,141 441,984
55 1,056,168 630,447 436,237 390,435 392,676 444,229
56 1,090,421 647,997 444,906 395,659 396,276 446,514

TRANSFORMER COST FOR EACH PEAK LOAD

10 kVA

15 kVA

TRANSFORMER COST FOR EACH PEAK LOAD

25 kVA

37.5 kVA

57 1,125,291 665,863 453,731 400,978 399,941 448,841
58 1,160,779 684,046 462,712 406,390 403,670 451,209
59 1,196,884 702,545 471,850 411,897 407,465 453,618
60 1,233,606 721,360 481,143 417,498 411,324 456,069
61 1,270,945 740,491 490,593 423,193 415,248 458,560
62 1,308,902 759,939 500,200 428,982 419,237 461,093
63 1,347,475 779,703 509,962 434,865 423,291 463,667
64 1,386,666 799,782 519,881 440,842 427,410 466,282
65 1,426,474 820,179 529,955 446,914 431,593 468,938
66 1,466,899 840,891 540,186 453,079 435,842 471,635
67 1,507,942 861,920 550,573 459,339 440,155 474,374
68 1,549,601 883,264 561,117 465,693 444,533 477,154
69 1,591,878 904,926 571,816 472,140 448,976 479,975
70 1,634,772 926,903 582,672 478,683 453,484 482,837
71 1,678,283 949,196 593,684 485,319 458,057 485,740
72 1,722,411 971,806 604,852 492,049 462,695 488,685
73 1,767,156 994,732 616,176 498,874 467,397 491,671
74 1,812,519 1,017,974 627,657 505,792 472,164 494,697
75 1,858,498 1,041,532 639,294 512,805 476,997 497,765
76 1,905,095 1,065,407 651,087 519,912 481,894 500,875
77 1,952,309 1,089,598 663,036 527,113 486,856 504,025
78 2,000,141 1,114,105 675,141 534,408 491,882 507,217
79 2,048,589 1,138,928 687,403 541,797 496,974 510,450
80 2,097,655 1,164,068 699,820 549,280 502,131 513,724
81 2,147,337 1,189,523 712,394 556,858 507,352 517,039
82 2,197,637 1,215,295 725,124 564,530 512,638 520,395
83 2,248,555 1,241,383 738,011 572,295 517,989 523,793
84 2,300,089 1,267,788 751,053 580,155 523,405 527,231
85 2,352,240 1,294,508 764,252 588,109 528,886 530,711

86 2,405,009 1,321,545 777,607 596,157 534,432 534,232
87 2,458,395 1,348,898 791,118 604,300 540,042 537,794
88 2,512,398 1,376,567 804,785 612,536 545,718 541,398
89 2,567,018 1,404,553 818,609 620,867 551,458 545,043
90 2,622,256 1,432,854 832,589 629,291 557,263 548,728
91 2,678,110 1,461,472 846,724 637,810 563,133 552,455
92 2,734,582 1,490,406 861,017 646,423 569,068 556,223
93 2,791,671 1,519,657 875,465 655,130 575,068 560,033
94 2,849,377 1,549,223 890,069 663,931 581,132 563,883
95 2,907,700 1,579,106 904,830 672,827 587,262 567,775
96 2,966,641 1,609,305 919,747 681,816 593,456 571,708
97 3,026,198 1,639,820 934,820 690,900 599,715 575,682
98 3,086,373 1,670,651 950,049 700,078 606,039 579,697
99 3,147,165 1,701,799 965,435 709,349 612,428 583,754

100 3,208,574 1,733,263 980,976 718,715 618,882 587,851

50 kVA

75 kVA

CH4
P★
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Summary : Economical Transformer SizingSummary : Economical Transformer Sizing
CH4
P★

Single Phase Transformer's Selection Guide
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Low Voltage Wire Selection MethodLow Voltage Wire Selection Method

Result of the case studyResult of the case study

PreconditionPrecondition

5 yearsEvaluation period

33 %Operation ration

100 mExisting line length

ACSR 1/0Existing line size

Loss of ACSR 1/0 Wire at 100m = 0.550Ω/km * (230A *0.33)^2*0.1km = 317 W
Loss of ACSR 2/0 Wire at 100m = 0.436Ω/km * (230A *0.33)^2 *0.1km = 251 W 
Loss of ACSR 3/0 Wire at 100m = 0.345Ω/km * (230A *0.33)^2 *0.1km = 199 W
Loss of ACSR 4/0 Wire at 100m = 0.274Ω/km * (230A *0.33)^2 *0.1km = 158 W

9312,99113,084Changing from ACSR1/0 to 
ACSR4/0

4929,2279,718Changing from ACSR1/0 to 
ACSR3/0

- 3,2248,6285,404Changing from ACSR1/0 to 
ACSR2/0

Benefit 
(PHP)

Construction fee 
(PHP)

Loss reduction 
value (PHP)

CH4
P★
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3. Summary : Economical LV Wire Sizing3. Summary : Economical LV Wire Sizing
CH4
P★
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Methodology of DT ValuationMethodology of DT Valuation
TOC : Total Owing Cost

Loss Valuation (LV) of DT

LV of Iron Core = A* × No Load Loss
LV of Winding = B* × Load Loss

*A and B are factors which reflect investment plan,
fuel cost, etc

DT is valuated by not only the price of DT
but also the amount of DT loss

TOC     =     Price of DT     + Loss Valuation* of DT
Initial Cost Running Cost

LV of Iron Core + LV of Winding

Composition of DT Price

Winding

Iron core

Winding

Iron core

LV of Winding

LV of Iron Core

Price of DT

©2013 The JICA TA TEAM. All Rights Reserved. 11

Evaluation of AMDT Model ProjectEvaluation of AMDT Model Project
REPLACEMENT REPLACEMENT AMDTAMDT from existing SiFe DTfrom existing SiFe DT

FLECO

[KVA]
Core

loss[W]
Copper
loss[W]

Total
Loss[W]

Core
loss[W]

Copper
loss[W]

Total
Loss[W]

10 10 126 136 37 135 172 ▲ 36 -21%
15 20 103 123 30 134 164 ▲ 41 -25%
25 20 207 227 80 227 307 ▲ 80 -26%

37.5 30 285 315 100 314 414 ▲ 99 -24%
50 50 426 476 130 468 598 ▲ 122 -20%

1,277 1,655 ▲ 378 -23%
ISELCO_1

[KVA]
Core

loss[W]
Copper
loss[W]

Total
Loss[W]

Core
loss[W]

Copper
loss[W]

Total
Loss[W]

10 12 174 186 45 180 225 ▲ 39 -17%
15 15.5 205.5 221 58 215 273 ▲ 52 -19%
25 20.5 311.5 332 82 295 377 ▲ 45 -12%

37.5 28 412 440 110 400 510 ▲ 70 -14%
50 43 543 586 140 490 630 ▲ 44 -7%

1,765 2,015 ▲ 250 -12%
PELCO_2

[KVA]
Core

loss[W]
Copper
loss[W]

Total
Loss[W]

Core
loss[W]

Copper
loss[W]

Total
Loss[W]

10 10 145 155 37 150 187 ▲ 32 -17%
15 14 167 181 40 174 214 ▲ 33 -15%
25 19 255 274 71 263 334 ▲ 60 -18%

37.5 29 339 368 93 353 446 ▲ 78 -17%
50 47 445 492 126 444 570 ▲ 78 -14%

1,470 1,751 ▲ 281 -16%

Amoulphous Conventional SiFe Total
reduction
[W]  [%]

Amoulphous Conventional SiFe Total
reduction
[W]  [%]

Amoulphous Conventional SiFe Total
reduction
[W]  [%]

About 20% loss reductions are expected

CH4
P★
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Actual Energy Loss Calculation of AMDTActual Energy Loss Calculation of AMDT
CH4
P★

SiFe AMDT SiFe AMDT SiFe AMDT SiFe AMDT SiFe AMDT
45 12 58 15 82 20 110 29 140 43
180 173 215 206 295 311 400 416 490 544

TIME
DEMAND
 (kVA)

LOSSES
(Wh)

LOSSES
(Wh)

LOSSES
(Wh)

LOSSES
(Wh)

LOSSES
(Wh)

LOSSES
(Wh)

LOSSES
(Wh)

LOSSES
(Wh)

LOSSES
(Wh)

LOSSES
(Wh)

1:00 10.54 245.0 204.1 164.2 116.3 134.4 75.6 141.6 61.4 161.8 66.8
2:00 10.08 227.8 187.6 155.1 107.6 129.9 70.9 138.9 58.5 159.9 64.8
3:00 9.70 214.4 174.6 147.9 100.7 126.4 67.2 136.8 56.3 158.4 63.1
4:00 8.95 189.2 150.4 134.6 87.9 119.8 60.2 132.8 52.2 155.7 60.1
5:00 8.99 190.3 151.5 135.2 88.5 120.1 60.5 133.0 52.4 155.8 60.2
6:00 8.34 170.3 132.2 124.5 78.3 114.9 55.0 129.8 49.1 153.6 57.8
7:00 7.46 145.1 107.9 111.2 65.5 108.3 48.0 125.8 45.0 150.9 54.8
8:00 8.19 165.8 127.8 122.1 76.0 113.7 53.7 129.1 48.4 153.2 57.3
9:00 8.71 181.6 143.0 130.5 84.0 117.8 58.1 131.6 50.9 154.9 59.2
10:00 9.54 208.7 169.1 144.9 97.8 124.9 65.6 135.9 55.4 157.8 62.4
11:00 9.06 192.9 153.9 136.5 89.8 120.8 61.2 133.4 52.8 156.1 60.5
12:00 7.98 159.5 121.8 118.8 72.8 112.0 52.0 128.1 47.3 152.5 56.5
13:00 10.79 254.4 213.2 169.2 121.1 136.9 78.2 143.1 62.9 162.8 68.0
14:00 9.51 207.8 168.3 144.4 97.4 124.7 65.3 135.7 55.3 157.7 62.3
15:00 7.02 133.8 97.0 105.1 59.7 105.3 44.9 124.0 43.1 149.7 53.4
16:00 8.70 181.1 142.6 130.3 83.8 117.7 58.0 131.5 50.9 154.8 59.1
17:00 11.96 302.7 259.6 194.8 145.7 149.6 91.6 150.7 70.8 168.1 73.8
18:00 12.01 304.5 261.3 195.7 146.6 150.0 92.1 151.0 71.1 168.3 74.0
19:00 13.66 381.1 335.1 236.4 185.6 170.1 113.2 163.1 83.7 176.6 83.3
20:00 13.77 386.5 340.4 239.3 188.4 171.6 114.7 164.0 84.6 177.2 83.9
21:00 14.72 435.0 387.1 265.0 213.0 184.3 128.2 171.6 92.6 182.5 89.8
22:00 12.80 340.0 295.6 214.6 164.7 159.4 101.9 156.6 77.0 172.1 78.3
23:00 12.24 314.8 271.3 201.2 151.8 152.7 94.9 152.6 72.8 169.4 75.3
0:00 10.88 258.1 216.7 171.1 123.0 137.9 79.3 143.7 63.5 163.2 68.4

DAILY ENERGY LOSS 5.79        4.81        3.89        2.75        3.20        1.79        3.38        1.46        3.87        1.59        
MONTHLY LOSSES [ 173.72     144.37     116.78     82.38      96.10      53.71      101.53     43.75      116.19     47.79      
ANNUAL LOSS [kWh] 2,085 1,732 1,401 989 1,153 644 1,218 525 1,394 574

10,423 8,662 7,007 4,943 5,766 3,222 6,092 2,625 6,971 2,868

98,258 81,655 66,053 46,595 54,354 30,378 57,428 24,743 65,718 27,033

48,716 56,196 59,999 60,118 77,741 86,442 94,828 108,635 110,796 122,366

100% 115% 123% 123% 160% 177% 195% 223% 227% 251%

146,974 137,851 126,052 106,713 132,095 116,820 152,256 133,378 176,514 149,399

100% 94% 86% 73% 90% 79% 104% 91% 120% 102%

50kVA DT37.5kVA DT

PW  Total Cost
in 30 yrs [peso]

Advantage
 of AMDT in 30

ENERGY LOSS
 [peso/year]

(Biding cost)
[peso]

Energy
loss in 30 yrs

25kVA DT15kVA DT

CORE LOSS[W]
COPPER LOSS[W]

10kVA DT

Average Load

Additional Cost
 of AMDT
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Summary :Summary :
Economical TR Sizing (AMDT & SiFe)Economical TR Sizing (AMDT & SiFe)
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From the Pilot Project Study PELCO2

Proposed Location of
10 KVA AMDT

Proposed Location of
15 KVA AMDT

EXISTING 
15 KVA  SiFe DT

Load allocation to 
cut low voltage line

PELCO
2
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Location of 25 KVA ADMT

Location of 37.5 KVA ADMT Location of 25 KVA ADMT

Location of 50 KVA ADMT

Location of 10 KVA ADMT

Location of 25 KVA ADMT

Location of 37.5 KVA ADMT Location of 25 KVA ADMT

Location of 50 KVA ADMT

Location of 10 KVA ADMT

From the Pilot Project Study in FLECOFLECO
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Single Line DiagramSingle Line Diagram

From the Pilot Project Study in ISELCO1

ISELCO

Final Work Shop on 
“The Project on System Loss Reduction for 

Philippine Electric Cooperatives (EC’s)”

Identifying Countermeasures against Technical Losses 
for Medium Voltage System

Keiichi Fujitani / JICA TA TEAM
28th Feburary, 2013

 

1． Method of Loss Reduction for 
Medium Voltage Line

2． Criteria for Taking Countermeasures  
against Technical Loss Reduction 
in the Medium Voltage System

3． Result of Study 
on Loss Reduction Project

4． Sample Analysis of Loss Reduction 
for MV Line using SynerGEE at FLECO
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Method of Loss Reduction for Medium Voltage Line

Target Facilities Remarks

High Operation

High Operation

High Operation

Low Power Factor line

High Operation

Unbalence line
Carrying out with small
amount expenses through
daily work

Multi-interconnection
system

Effective method for
multi-interconnection
system

Line

Category Countermeasure

Upgrading Voltage

MV Line

Switching Optimization

Line Thickening

Parallel Circuit

Phase Increasing

Load Balancing

Requiring some amount
of investment on facilities
to reduce power losses

Capacitor Placement/
Replacement

1.1 Method of Loss Reduction for Medium Voltage Line

©2013 The JICA TA TEAM. All Rights Reserved.

1.2 Method of Loss Reduction for MV Line (1)

<Line Thickening>

• Thicken MV line to upper size
• For high operation ratio MV line

 High operation ratio  Lower operation ratio

Reduction of line lossReduction of line loss

Method of Loss Reduction for Medium Voltage Line
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<Parallel Circuit>

• Install new MV line 
on the existing MV line

• For high operation ratio MV line

 High operation ratio  Lower operation ratio

Reduction of line lossReduction of line loss

1.3 Method of Loss Reduction for MV Line (2)

Method of Loss Reduction for Medium Voltage Line

   

Existing line

New line

Existing line

New line

©2013 The JICA TA TEAM. All Rights Reserved.

<Upgrading Voltage >

• Upgrading MV Voltage from 13.2 to 23kV
• For high operation ratio MV line

1.4 Method of Loss Reduction for MV Line (3)

Method of Loss Reduction for Medium Voltage Line

 High operation ratio  Lower operation ratio

13.2kV

R RI1 I2

I1 > I2

RI12 > RI22 

13.2kV 23kV

R RI1 I2

I1 > I2

RI12 > RI22

Reduction of line lossReduction of line loss

©2013 The JICA TA TEAM. All Rights Reserved.

<Capacitor Placement/Replacement >

• Install new capacitor or change capacitor location on the existing MV line
• For low power factor MV line

1.5 Method of Loss Reduction for MV Line (4)

Method of Loss Reduction for Medium Voltage Line

Improve power factor and voltage level

Install capacitor or
change capacitor

New capacitor

No capacitor line

Not suitable capacitor
size or place

or



Reduction of line lossReduction of line loss
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<Load Balancing >

• Change the phase connection of pole transformer on the existing MV line
• For unbalanced phase current MV line

1.6 Method of Loss Reduction for MV Line (5)

Method of Loss Reduction for Medium Voltage Line

Unbalance line balance current

R 0.9I

Tr

Tr Tr Tr

Tr Tr

1.0I

1.1I

R 1.0I

Tr

Tr Tr Tr

Tr Tr

1.0I

1.0I

Tr

 

Tr

Tr Tr Tr

Tr Tr

Tr

Tr Tr Tr

Tr Tr

Tr

Reduction of line lossReduction of line loss
©2013 The JICA TA TEAM. All Rights Reserved.

<Switching Optimization >

• Leveling of the distribution load by switching at optimal point on the existing MV line
• For Multi-interconnection MV line system

1.7 Method of Loss Reduction for MV Line (6)

Method of Loss Reduction for Medium Voltage Line

 

Reduction of load lossReduction of load loss

S/F

Load A

S/F

Load B Load C Load DS S S

S/F

Load A

S/F

Load B Load C Load DS S S

To reduce the current, Load C is 
fed by another feeder / substation

High current

Middle current

Low current

Middle current

OpenCloseClose

Close
OpenClose
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<Phase Increasing >

• Increase the phase number on the existing MV line
• For high operation ratio MV line

1.8 Method of Loss Reduction for MV Line (7)

Method of Loss Reduction for Medium Voltage Line

High operation ratio  Lower operation ratioI1 > I2

R RI1 I2

RI12 > RI22
 1 2

1

12 22

Reduction of line lossReduction of line loss

 

1． Method of Loss Reduction for 
Medium Voltage Line

2． Criteria for Taking Countermeasures  
against Technical Loss Reduction 
in the Medium Voltage System

3． Result of Study 
on Loss Reduction Project

4． Sample Analysis of Loss Reduction 
for MV Line using SynerGEE at FLECO
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2.1 Conditions of study on medium voltage system 

Criteria for Taking Countermeasures against Technical Loss 
Reduction in the Medium Voltage System

180,573 PHP(5 years) / 
404,115 PHP(15 years)

kW Value of core loss

82,291 PHP(5 years) /
237166 PHP(15 years)

kW Value of load loss

10%Discount Rate

4%Annual Growth Rate

3%Inflation Rate

5 PHP/kWhUnit Price per kWh

0.57Load Factor

5 years / 15 yearsEconomic Evaluation Study

The construction costs are calculated via the MATDX (FY2010)
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2.2 Study example (Line Thickening) 

Criteria for Taking Countermeasures against Technical Loss 
Reduction in the Medium Voltage System

Line Type : ACSR 2/0
Length : 1 km
Operation Ratio : 40%

Line Type : ACSR 4/0 or 336
Length : 1 km

* The loss reduction value and the construction fee, 
which include removable fee and O/M cost for 15 years 

241,814485,724727,538Changing from 
ACSR2/0 to ACSR336

155,064293,107448,171Changing from 
ACSR2/0 to ACSR4/0

000Not change

Benefit (PHP)Construction 
fee (PHP)

Loss reduction 
value (PHP)

The line thickening from the ACSR2/0 size line to ACSR336 size line 
is most effective in this case. 

 

1． Method of Loss Reduction for 
Medium Voltage Line

2． Criteria for Taking Countermeasures  
against Technical Loss Reduction 
in the Medium Voltage System

3． Result of Study 
on Loss Reduction Project

4． Sample Analysis of Loss Reduction 
for MV Line using SynerGEE at FLECO
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3.1 Appropriate Line Thickening conductor sizes 

Result of Study on Loss Reduction Project

 
Period of Economic Evaluation: 15 years

Displyed color
by SynerGEE

4 4 336.4

2 2 336.4

1/0 1/0 336.4

2/0 2/0 4/0 336.4

3/0 3/0 336.4

4/0 4/0 336.4

Operation
ratio

0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5
0-0.1

4/0

2/0

0.5-0.6

4

2

1/0

2/0

3/0

3/0

0.9-1.0
0.6-0.7 0.7-0.8

336.4

336.4

336.4

336.4

0.8-0.9

336.4

336.4

336.4336.4

1/0

336.4

336.4

336.4

336.4

2 3/0 4/0 336.4 336.4

3/03/0 4/0

4/0 336.4 336.4

2/0 336.4 336.4

336.4

3/0 336.4

4/0 336.44/0

Operation rate

Existing conductor size Suitable conductor size

* The loss reduction value and the construction fee, 
which include removable fee and O/M cost for 15 years 

40%

©2013 The JICA TA TEAM. All Rights Reserved.

 
Period of Economic Evaluation: 15 years

Displyed color
by SynerGEE

4 4 4*2

2 2 2*2

1/0 1/0 1/0*2

2/0 2/0 2/0*2

3/0 3/0 3/0*2

4/0 4/0 4/0*2

336.4 336.4 336.4*2336.4*2

1/0*2

2/0*2

3/0*2

4/0*2

0.9-1.0

4*2

2*2

2/0*2

1/0*2

3/0*2

4/0*2

1/0*2

2/0*2

4/0*2

1/0

2/0

4*2 4*2 4*2

3/0*2

2*2 2*2 2*2

0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9Operation
ratio 0-0.1

0.2-0.3 0.3-0.40.1-0.2

336.4 336.4 336.4*2 336.4*2 336.4*2 336.4*2

2 2*2

0.4-0.5

4 4*24*2

1/0*2 1/0*2

2/0*2 2/0*2

3/0 3/0*2 3/0*2

4/0 4/0*2 4/0*24/0

3.2 Appropriate conductors sizes of parallel circuit 

Result of Study on Loss Reduction Project

Operation rate

Existing conductor size Suitable conductor size

* The loss reduction value and the construction fee, 
which include removable fee and O/M cost for 15 years 
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Period of Economic Evaluation: 15 years

Displyed color
by SynerGEE

4 Single S Three

2 Single Three

1/0 Single Three

2/0 Single Three

3/0 Single Three

4/0 Single Three

336.4 Single Three

T

S

S

T

Three Phase

Three Phase

Two Three

Two Three

Three Phase

Three Phase

Single

Three Phase

Single

Single Phase

Two

Two

Two

Three

Three Phase

Operation
ratio

Three Phase

0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5

S

0-0.1 0.8-1.0
0.6-0.7 0.7-0.80.5-0.6

Three Phase

Three Phase Three Phase

Three Phase

Three Phase

Three Phase

Three Phase

Three Phase Three Phase

Three Phase

Three Phase

Three Phase Three PhaseThree Phase

Three Phase

Three Phase

3.3 Appropriate phase number 

Result of Study on Loss Reduction Project

Operation rate

Existing conductor size Appropriate phase number

* The loss reduction value and the construction fee, 
which include removable fee and O/M cost for 15 years ©2013 The JICA TA TEAM. All Rights Reserved.

 
Period of Economic Evaluation: 5 years

Demand
(MVA) 0-2 11-20

Application
Voltage

Application
Tr Capacity

13.2kV
5MVA

23kV
5MVA

23kV
20MVA

5-6 7-8 9-10 10-113-42-3 4-5 6-7 8-9

13.2kV
10MVA

23kV
10MVA

3.4 Appropriate voltage for newly installed transformer 

Result of Study on Loss Reduction Project

Demand (MVA)

Appropriate voltage for newly installed transformer

* The loss reduction value and the construction fee, which 
include removable fee and O/M cost for 5 and 15 years 

 
Period of Economic Evaluation: 15 years

Demand
(MVA) 0-2 11-20

Application
Voltage

Application
Tr Capacity

7-82-3 3-4 8-9 9-10 10-114-5 5-6 6-7

13.2kV
5MVA

23kV
5MVA

23kV
10MVA

23kV
20MVA

1． Method of Loss Reduction for 
Medium Voltage Line

2． Criteria for Taking Countermeasures  
against Technical Loss Reduction 
in the Medium Voltage System

3． Result of Study 
on Loss Reduction Project

4． Sample Analysis of Loss Reduction 
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4.1 Model of Sample Analysis (1)

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO

AREA:FLECO area
Substation: Lumban, 
Pakil, Mabitac S/S
Feeder: F1-F8
Demand: 10,953kW (2009)
Power factor: 85%
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4.1 Model of Sample Analysis (2)

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO
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4.2 Result of Sample Analysis before countermeasure
( Using SynerGEE Load Flow analysis)

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO

Feeder Feeder Name Substation Ampere
kW Var kVA A kW % Line(kW) Tr(kW)

F1 Pagsanjan Lumban1 2,370 1,460 2,784 119 145 6.10 99 46
F2 Lumban Lumban2 1,001 620 1,178 53 20 1.99 7 13
F3 Kalayaan Lumban2 770 477 906 40 35 4.57 24 11
F4 Cavinti Lumban2 786 485 923 41 60 7.65 42 18
F5 Paete/Pakil Pakil 1,579 977 1,857 80 57 3.63 28 30
F6 Pangil Pakil 727 450 855 37 18 2.45 5 13
F7 Siniloan/Famy Mabitac 2,034 1,259 2,392 104 77 3.80 41 36
F8 Mabitac/Sta. Maria Mabitac 1,686 1,044 1,983 86 77 4.54 43 34

Total 10,953 6,772 12,878 - 489 289 201

Demand Loss

Select load-flow
And Run 

Load flow 
report 
window 
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Period of Economic Evaluation: 15 years

Displyed color
by SynerGEE

4 4 336.4

2 2 336.4

1/0 1/0 336.4

2/0 2/0 4/ 0 336.4

3/0 3/0 336.4

4/0 4/0 336.4
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336.4

336.4

336.4

0.8-0.9

336.4
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4.3 Necessary countermeasure for loss reduction
(Line Thickening base on manual)

The condition is 
referred to the 
following table

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO

Feeder Feeder Name Existing Line
Size

Percentage
Loading Phase New Line

Size
Percentage

Loading Length

%(reference) A %(reference) m
F1 Pagsanjan 2/0 ACSR about 40-44 three 336 ACSR about 19-23 3,534
F2 Lumban 2/0 ACSR about 20 three - - -
F3 Kalayaan 1/0 ACSR about 20 single - - -
F4 Cavinti 2/0 ACSR about 15 three - - -
F5 Paete/Pakil 2/0 ACSR about 23 three - - -
F6 Pangil 2/0 ACSR about 15 three - - -
F7 Siniloan/Famy 2/0 ACSR about 34-37 three 336 ACSR about 17-20 1,425

F8 Mabitac/Sta.
Maria 2 ACSR about 43-45 three 4/0 ACSR about 23-24 189
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4.4 Result of Sample Analysis after countermeasure
(Line Thickening base on manual)

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO

Before Countermeasure After Countermeasure

F1 145 90 55
F7 77 60 17
F8 77 74 3

Loss Reduction (kW)
Loss (kW)

Feeder

Feeder Feeder Name Substation Ampere
kW Var kVA A kW % Line(kW) Tr(kW)

F1 Pagsanjan Lumban1 2,363 1,470 2,783 119 90 3.79 43 47
F2 Lumban Lumban2 1,001 620 1,178 53 20 1.99 7 13
F3 Kalayaan Lumban2 770 477 906 40 35 4.57 24 11
F4 Cavinti Lumban2 786 485 923 41 60 7.65 42 18
F5 Paete/Pakil Pakil 1,579 977 1,857 80 57 3.63 28 30
F6 Pangil Pakil 727 450 855 37 18 2.45 5 13
F7 Siniloan/Famy Mabitac 2,030 1,261 2,390 104 60 2.94 23 37
F8 Mabitac/Sta. Maria Mabitac 1,685 1,044 1,982 86 74 4.40 40 34

Total 10,941 6,784 12,874 - 414 212 203

Demand Loss

©2013 The JICA TA TEAM. All Rights Reserved.

4.5 Effect of countermeasure for loss reduction (Line Thickening)

 Cost for Measure

 Amount of Money for Loss Reduction (result from SynerGEE)

Construction Fee : 4/0  *    189m          85,515 PHP
336 * 4,959m 3,739,974 PHP

Removal Fee : 2     *    189m            2,758 PHP
2/0  * 4,959m        120,285 PHP

Loss Reduction : 75kW              17,787,450 PHP

Total Effect :  13,838,918  PHPTotal Effect :  13,838,918  PHP

Subtotal : 3,948,532 PHPSubtotal : 3,948,532 PHP

Subtotal : 17,787,450 PHPSubtotal : 17,787,450 PHP

Construction Fee : 4/0(3-phase)  452,458 PHP/km
336(3-phase)      754,179 PHP/km    

Removal Fee : 2(3-phase) 14,590 PHP/km
2/0(3-phase) 24,256 PHP/km

Before: 489kW
After:    414kW

*Total loss reduction value:237,166PHP/kW

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO
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4.6 Necessary countermeasure for loss reduction
(Capacitor Setting using SynerGEE Capacitor Placement)

The result of 
Capacitor Placement 
by SynerGEE

Feeder Feeder Name Var before
setting

pF before
setting Capacitor Size Var after

setting
pF after
setting

var % var %
F1 Pagsanjan 1,460 85 450 1,026 92
F2 Lumban 620 85 450 190 98
F3 Kalayaan 477 85 150 345 91
F4 Cavinti 485 85 450 84 99
F5 Paete/Pakil 977 85 450 531 95
F6 Pangil 450 85 300 143 98
F7 Siniloan/Famy 1,259 85 450 823 93

F8 Mabitac/Sta.
Maria 1,044 85 450 610 94

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO
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4.7 Result of Sample Analysis after setting Capacitor

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO

Before Countermeasure After Countermeasure

F1 145 130 15
F2 20 19 1
F3 35 31 4
F4 60 51 9
F5 57 51 6
F6 18 17 1
F7 77 71 6
F8 77 70 7

Feeder
Loss (kW)

Loss Reduction (kW)

Feeder Feeder Name Substation Ampere
kW Var kVA A kW % Line(kW) Tr(kW)

F1 Pagsanjan Lumban1 2,369 1,026 2,582 110 130 5.49 84 46
F2 Lumban Lumban2 1,001 190 1,019 45 19 1.87 6 13
F3 Kalayaan Lumban2 770 345 844 38 31 3.99 19 11
F4 Cavinti Lumban2 790 84 794 35 51 6.49 33 19
F5 Paete/Pakil Pakil 1,580 531 1,667 72 51 3.23 21 30
F6 Pangil Pakil 727 143 741 32 17 2.33 4 13
F7 Siniloan/Famy Mabitac 2,033 823 2,194 96 71 3.49 34 37
F8 Mabitac/Sta. Maria Mabitac 1,685 610 1,792 78 70 4.15 36 34

Total 10,955 3,752 11,633 - 440 237 203

Demand Loss
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4.8 Effect of setting Capacitor
 Cost for Measure

 Amount of Money for Loss Reduction (result from SynerGEE)

Construction Fee : 150var * 1 60,083 PHP
300var * 1          72,601 PHP
450var * 6        483,480 PHP

Loss Reduction : 49kW              11,621,134 PHP

Total Effect :  11,004,970  PHPTotal Effect :  11,004,970  PHP

Subtotal : 616,164 PHPSubtotal : 616,164 PHP

Subtotal : 11,621,134 PHPSubtotal : 11,621,134 PHP

Construction Fee : 150var(3-phase) 60,083 PHP/set
300var(3-phase)   72,601 PHP/set
450var(3-phase)   80,580 PHP/set

Before: 489kW
After:    440kW

*Total loss reduction value:237,166PHP/kW

Sample Analysis of Loss Reduction for MV Line 
using SynerGEE at FLECO
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Thank you for your attention!
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