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THE lStPREPARATORY SURVEY

ON
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lN
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ELECTRICITE DE DJIBOUT:(EdD)
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JiCA PREPARATORY SURVEY TEAM
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Director of lnterconnection Prolect

Electncite de DiiboulJICA Preparatory SuⅣ ey Team
Yachiyo Engineering Co.,Ltd.

ML KyOjI FUJII

Chief ConsuLant



Electttctte du DiibouJ(hereinafter referred to as“ EdD")and JiCA Preparatory SuⅣ ey
Team forthe ProieCtfOrlmprovement of Power Supply in the Republic of DiibouJ

(hereinafter refered to as“ the Team")had Settes oftechnical discussion to form a
mutual understanding on the scope ofthe Proiect and pending items to be fulfi‖ ed by
the both parties before the cornrrlencement of second field survey. Both parties agreed

to record the fo‖ owing points as a conclusion ofthe discussions.

1.Claritcation of requested components

丁he deta‖s of requested components atthe tirne ofthe first field suⅣey are clarified as
fo‖ows:

(1)631KV trans■ lission lines

l)OVerhead line

From PK12 substation to Nagad,double circuits

2)UndergrOund cable

From Nagad to Boulaos substation,single circuit

3)ConneCtiOn point at Nagad

EdD requested Jl(〕 A to include Nagad switching station instead of Nagad

connection point which sirnply cOnnects overhead lines and underground cables

without switching function. 丁he relevance ofthe request vvi‖ be evaluated by the
Tearn and reported to JICA forits consideration. The results wi‖ be inforrned to
EdD atthe beginning ofthe second field survey.

(2)Expansion of PK12 Substation

l)Additiona1 230/63 kV transfonner

A)One 230/63 kV,63 MVA transformer
B)One Set Of 230kV swnchgearfOrthe transformerincluding circul breaker,

disconnecting switches,instrument transforrners,arrestor,etc.

C)One Set of 63kV switchgearforthe transformerincluding circul breaker,

disconnecting switches,instrument transforrners,arrestor,etc.

D)ProteCtiOn and supervisory equipmentincluding exisung panel
modification

E)Power&COntrol cables

2)Addliona1 63/20 kV transformer

A)One 63/20 kV,40 MVA transformer
3)One set Of 63kV switchgearforthe transformerincluding circul breaker,

disconnecting switches,instrument transformers,arrestor,etc.

C) PrOtection and supervisory equipmentincluding existing panel

modification

D)Power&COntЮ l cables

E) (Existing 20 k1/SVVGR wi!l be utilized for receiving the secondary power of

the transformeり



3)Additiona1 63 kV Transmission Line Bays

ハo Expansion of 63 kV substation building for 6 bays
B) 63 kV double bus expansion to the new building for 6 bays

C) Four sets of 63kV swltchgear for 4 transrnission lines(out90ing fOr Nagad

and Dorale)in the new building including circutt breakers,disconnecting

switches,instrument transforrners,arrestors,etc.

D) ProteCtiOn and supervisory equipmentincluding existing panel

modification

E)Power&COntrol cables
F)Gantry for 2 new transmission lines for Nagad

4)Additiona1 20 kV Capacitor Bank

A) 12.6 Mvar Capaclor Bank for 20 kV bus
B)Supervisory equipment modricaJOn
C)POWer&cOntrol cables
D)(Exislng 20 kV SWGR willbe u」 lized for connecting the capacitor.)

(3)Mod:fiCation of 8oulaos Substation

l)MOdittCa‖ on for new underground cable transmission iine

A)One 63 kV circutt breaker and instrumenttransformers
B) PrOtection and supervisory equipmentincluding existing panel

modification

C)Cabies
D)(Exisung bay in the 63 kV substa‖ on building with p画 mary equipment will

be uulized except circutt breaker and instrument transfOrmer.)

2.Data and inforrnat:on requested

The fo‖ owing data and inforrnation sha‖ be co‖ected by EdE)and provided tO the
Consultant atthe beginning Ofthe second field suⅣ ey which is scheduled fronl 1 9th
October 2013.

(1)TransmissiOn

Urban development Master plan ofthe Diibouu City

(Railway,New Airport and Transmission line)

(2)SubstatiOn

Boulaos substation

丁he specifications Ofthe existing equiprnent for 63 kV Boulaos substation

which wi‖ be utilized for new underground cable transrnission line to PK1 2

should be provided such as ones ofline switch,instrument transforrner those of

which can be obtained from their name plates and ones oflnsulator and bus

bar mate百 al&size.
And the bus bar and equipment arrangement drawing forthe above

mentioned transnlission line bay should be provided forthe deta‖ ed design of
circuit breaker and instrument transforrner replacement.

(3)Ceneral

MeteoЮ logical Data(aVerage of past 10 years)

仔
r
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3.Preparation of presentation rnaterials

恥 e Tearn sha‖ prepare presentation rnaterials which describe the outline and contents

ofthe reluested」 apanヽ grant aid proiect and submttthem to EdD atthe beginning of
the second field suⅣ ey.

(End)
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TECHN:CAL MEMORANDUM

FOR

THE 3rd PREPARATORY SURVEY

ON

THE PROJECT FORIMPROVEMENT OF POWER SUPPLY

:N

THE REPUBL:C OF DJiBOUTl

AGREED UPON BETWEEN

ELECTRICITE DE DJ:BOuT:(EdD)

AND

JICA PREPARATORY SURVEY TEAM

Diibouti,3rd Ap‖ 12014

惚 ↓笙
つ

髪
」 乙

ヽ ・

ME Kyoli FUJII

Chief ConsuLant
JICA Preparatory SuⅣ ey Team

De百ng Co.,Ltd.Yachiyo Engin(

Director of interconnection Prolect

Elect面cite de Diibou轟

一



Elect“ cle du DiibouJ(hereinafter referred to as“ EdD")and」 :CA Preparatory Survey

Team forthe ProieCtfOrlrnprovement of Power Supply in the Republic of Diibou廿

(hereinafter refered to as“ the TearTl")had series of technical discussion to forrn a

mutual understanding on the scope ofthe Proiect,priority order and technical

specifications of prolect cOmponents and items to be undertaken by each party. Both

parties agreed to record the fo‖ owing points as a conclusion ofthe diSCussiOns.

1.Final priority order for Components of the proieCt

The Tearn explained to EdD that some components rnust be dropped from the scope of

the proiect due to the limitation ofthe budget a1located from the government of Japan.

Firstly,both sides agreed to drop 63/20kV transforrner and 20kV capacitor banks at

Jaban As substation in accordance with the priority order agreed on the 2nd Technical

Memorandum. Sti‖ ,the proiect COStiargely overruns the budget.Then EdD offered to

drop Nagad swnching Stalon because ra‖ way proleCt requires 132kV power supply

and 63kV is not necessary forit. Fina‖ y,botれ Sides agreed on the final priority order

for componentS Ofthe Prolect as described in Tabie l.

EdD stЮngly requested the Team to include compOnents l.(1)α )(3③ ,1・ (2)and 2.(1)

in the ProieCt・  EdD rnentioned thatifthe final cost ofthe prolect components overruns

the ce‖ ing ofthe budget,EdD will bearthe balance to supplementthe proiect COSt・

丁able l Final p面 o面ty order for∞ mponents ofthe PrOlect

ltem

Candidate Components agreed
On

2nd Technical Memorandum
(5th November 2013) _

3碍器 謁`需譜‖:lm
f3rd Ap‖ 12014)

丁
酎指額ま撻藤蠣|

(1)63kV OVerhead
Transmission Line from
Jaban As substation to一

ざ¶諜
i¶i眼

詣
t‰

Ыe
circuits

耐Wじvσhead  l
Transmission Line

d配鳳:::鼻 駕埋きstaJon
」°謄懸‖iSll:器lttbЮ

C)F慮諄;(lbadsubstation
site to Nagad connection

∫嘱gh 39h gnge
circuit

③ Nagad connectio,pOint

(2)63kV Underground
Transmission Line from
Nagad SwIChing stalon to
Boulaos substation
● Length:  7.5km,  single

circuit

o63巣Ⅷ
d9rgrittfЮ

m
Nagad connection pointto
Boulaos substation
● Lengthi  7.8km,  single

circuit

2. Expansion of Jaban As

(PK12)substalon “
)[IE]]計

:1(品ノ』V:id3S
● 230/63kV1 63MVAxlunI

IPriOrity2Lameasleft

ー

%乃



ltem

Candidate Components agreed
On

2nd Technical Memorandum
(5th November 2013)

3碍Ⅷ 圏
tl酬

:祗‖跳m
(3rd AD‖ 12014)

(2)Expansion of Jaban As
substa‖ on(63/20kV side)
● 63/20kV,40MVAxlunt

Dropped

(3)20kV Capacitor banks Dropped
3 Nagad Switching statton (1)63kV swlchgears, 20kV

distribution panels,etc

Dropped

2.Final transnlission line route

FinaltransrTlission line route which was approved by Directione de liHabitat et de

l:Urbanisme and Direction des Domaines et de la ConseⅣ ation Fon91ё re is shown in

Attachment-1. Deta‖ s of overhead transrnission line route near Jaban As area is

shown in Attachment¨2.

3.Modification of technlca:specincatiOns from the 2nd Techn:cal Memorandum

(1)Number of circuls for 63kV overhead transmission line

Number of circuits for 63kV overhead transnlission line is rnodified as shown in ttable 2.

One circuit which ends at Nagad substation site wi‖ be terrninated on a transrnission

tower and another single circuit wi‖ continue up to Nagad connection point.

EdE)explained that new development prolects around Nagad area,such as new airport

lAeropOrt de Chebeleh),Domestic animal exporting port(Port Betail)and rnetal

facto百 es in Damerdiog willrequire 63kV pOwer supply from Nagad.This is the reason

why double circuits are necessary fronl Jaban As to Nagad even though the 63kV

overhead transrnission line fronl Jaban As to Nagad does not supply pOwerfor railway.

EdD will provide eslmated power demand forthose proiectS tO the Team.

Table 2 Modificat:on cf number of circuits for overhead transrnission line

(2)CrosSing point of existing 230kV,63kV and new 63kV transrnission lines

As shown in Attachment… |:,new 63kV transmission iine will go over or underthe

existing 230kV and 63kV transrnission lines. The Team will study and propose the

least cost rnethod ofline crossing.

ltem 2ng Technical Memorandum
(5th November 2013)

3[u Technical Memorandum
(3rd Ap‖ 12014)

63kV          oVerhead
transnlisslon line between
Jaban As and Nagad

Double circuitsi frorn Jaban As

substation to― Nagad
switching station

(1)Double circuits:from」aban
As substation to Nagad
substation site

(2)Single circul:from Nagad
substation site to Nagad
connection ooint

ステ



4.Land Acquisi薔 on for TransFniSSion Corridor

Since Direction des Domaines et de la Conservation Fon91ёre agreed to pЮvide

necessary transrnission line coridorto EdE)and it assures that no private land is

existing along the transrnission line corridor,no land acquisition is required for the

PrOied.Diredion des Domaines et de la ConseⅣ atton Fon91ё re approved to al!ocate

100m width fЮ m point A to B and 24m width from B to C for exclusive transmission

corridorto EdD. 丁he pOints A,B and C are shown in Attachment― :and ll.

End

χル
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A-6 電力潮流解析  
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電力潮流解析  
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I. 電力系統モデルの主要入力データ 
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表 1 発電機 

 

G21 Boulaos G.M.T FINCANTIERI B550/18 1984 15.2 5.5 19.00 80 10.0 115025 休止 25.0 99 重油

G22B Boulaos Wartsila GMT 18V46 2007 17.0 15.0 21.35 80 14.0 21108 ベース 22.2 205 重油

G25 Boulaos Wartsila 18V46 2000 14.4 5.5 18.00 80 13.4 59551 ベース 19.6 175 重油

G1 Boulaos Alstom Pielstick 18PC2-2 1976 6.0 5.5 7.60 80 4.0 124435 ピーク 25.0 99 重油

G12 Boulaos Caterpilar 2004 7.25 5.5 9.06 80 6.5 38296 ベース 10.5 140 重油

G13 Boulaos Wartsila GMT 16VA32 2001 6.0 5.5 7.50 80 4.5 43535 ベース 22.3 206 重油

G14 Boulaos Wartsila GMT 16VA32 2001 6.0 5.5 7.50 80 4.5 25957 ベース 22.3 206 重油

G15 Boulaos Wartsila GMT 16VA32 2001 6.0 5.5 7.50 80 4.5 24387 ベース 22.3 206 重油

G16 Boulaos Wartsila GMT 16VA32 2001 6.0 5.5 7.50 80 4.5 33559 ベース 22.3 206 重油

G17 Boulaos Caterpilar 2003 7.25 5.5 9.06 80 6.5 35041 休止 10.5 140 重油

G18 Boulaos Caterpilar 2004 7.25 5.5 9.06 80 6.5 33405 ベース 10.5 140 重油

G23B Boulaos MAN 9L52/55A 2011 8.5 5.5 10.64 80 6.5 4474 ベース 23.9 214 重油

G24 Boulaos MAN 9L52/55A 1988 5.5 10.5 6.88 80 4.5 106745 ベース 25.0 99 重油

G32 Boulaos SEMT PIELSTICK PA6 2010 4.5 10.5 5.50 80 4.0 2593 ピーク 25.0 99 軽油

G31 Boulaos SEMT PIELSTICK PA6 2010 4.5 10.5 5.50 80 4.0 1443 ピーク 25.0 99 軽油

M6 Marabout Wartsila GMT 16V25 1999 3.0 15.0 3.75 80 2.4 23305 ピーク 15.2 147 軽油

M4 Marabout Wartsila GMT 16V25 1999 3.0 15.0 3.75 80 2.4 26872 ピーク 15.2 147 軽油

M2 Marabout Wartsila GMT 16V25 1999 3.0 15.0 3.75 80 2.4 33593 ピーク 15.2 147 軽油

M5 Marabout Wartsila GMT 16V25 1999 3.0 15.0 3.75 80 2.4 30812 ピーク 15.2 147 軽油

M3 Marabout Wartsila GMT 16V25 1999 3.0 15.0 3.75 80 2.4 30085 ピーク 15.2 147 軽油

M1 Marabout Wartsila GMT 16V25 1999 3.0 15.0 3.75 80 2.4 24079 ピーク 15.2 147 軽油

注: 1) 想定値, 2) 2012年の実績値

場所 メーカー

PF

(%)
(MW) (KV) (MVA)

221

254

(h) 需要対応

インピーダンス

(%: MVA ベース)
定格 通常運用

燃料消費率

(g/kWh)
Xd”

燃料発電機 運開年

Xd(MW)

1) 1)

1) 1)

1) 1)

1) 1)

1) 1)

2)
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表 2 変圧器 

 

電力

 (MVA)

1次 2次 定格

No1 PK/H Jaban As Jaban As_230kV Jaban As_63kV GETRA 230 63 63 13.56 -10 10 1.25 17

NO2 PK/H Jaban As Jaban As_230kV Jaban As_63kV GETRA 230 63 63 13.46 -10 10 1.25 17

No1 PK/L Jaban As Jaban As_230kV Jaban As_40kV GETRA 63 20 40 11.96 -12.5 12.5 1.25 21

No1 A/L Ali Sabieh Ali Sadieh_63kV Ali Sadieh_20kV GETRA 63 20 12 9.91 -12.5 12.5 1.25 21

No1 B/L Boulaos Boulaos_63kV Boulaos_20kV CEM 63 21 36 17.1 -12 12 1.500 17

No2 B/L Boulaos Boulaos_63kV Boulaos_20kV CEM 63 21 36 17 -12 12 1.500 17

No1 M/L Marabout Marabout_63kV Marabout_20kV CEM 63 21 36 17 -12 12 1.500 17

No1 M/G Marabout Marabout_20kV Marabout_15kV AREVA 21 15 12 7.97 -5 5 2.500 5

No2 M/G Marabout Marabout_20kV Marabout_15kV AREVA 21 15 12 9.85 -5 5 2.500 5

T21 Boulaos Boulaos_63kV G21 CEM 66 5.5 19 8.21 -7.5 7.5 3.75 5

T22B Boulaos Boulaos_63kV G22B AREVA 66 15 18 10.05 -7.5 7.5 3.75 5

T25 Boulaos Boulaos_63kV G25 IEC 66 5.5 18 11.48 -7.5 7.5 3.75 5

T32 Boulaos Boulaos_20kV G32 AREVA 21 10.5 6.7 6.07 -7.5 7.5 3.75 5

T31 Boulaos Boulaos_20kV G31 AREVA 21 10.5 6.7 6.7 -7.5 7.5 3.75 5

T11 Boulaos Boulaos_20kV G11 Metz 21 5.5 7.7 9.1 -7.5 7.5 3.75 5

T12 Boulaos Boulaos_20kV G12 ALSTOM 21 5.5 9.1 8.21 -5 5 2.5 5

T13 Boulaos Boulaos_20kV G13 Usine de METZ 21 5.5 7.55 9.42 -5 5 5 3

T14 Boulaos Boulaos_20kV G14 Usine de METZ 21 5.5 7.55 9.42 -5 5 5 3

T15 Boulaos Boulaos_20kV G15 Usine de METZ 21 5.5 7.55 9.42 -5 5 5 3

T16 Boulaos Boulaos_20kV G16 Usine de METZ 21 5.5 7.55 9.42 -5 5 5 3

T17 Boulaos Boulaos_20kV G17 ALSTOM 21 5.5 9.1 8.12 -5 5 2.5 5

T18 Boulaos Boulaos_20kV G18 ALSTOM 21 5.5 9.1 8.21 -5 5 2.5 5

T23B Boulaos Boulaos_20kV G23B AREVA 21 5.5 11 8.19 -5 5 2.5 5

T24 Boulaos Boulaos_20kV G24 ALSTOM 21 10.5 6.7 8.36 -7.5 7.5 3.75 5

注:  1) PB POWERの検討値,  2) 想定値

 (kV)

定格値

インピーダンス

(%:MVA ベース)
変圧器

場所

From To

メーカー
電圧

負荷時タップ切替装置 (LTC)

Min.

(%)

Max.

(%)

Step

(%)
タップ数

1)

2)

2)

2)
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II. ロードフロー図 
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表 1 電力潮流解析シナリオ一覧（１／２） 

 

Base Case1 Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 Case10 Case11 Case12 Case13 Case14 Case15 Case16
2012 2016 2018 2022 2023 2024
-4 -1 2 6 7 8

● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ●

● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ●

0.94 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
MW 27.0 23.9 24.4 24.4 7.1 24.9 25.5 25.5 26.2 7.7 26.9 26.9 26.9 7.9 27.7 29.1 30.7

MVar 9.8 11.6 11.8 11.8 3.5 12.0 12.4 12.4 12.7 3.7 13.0 13.0 13.0 3.8 13.4 14.1 14.9
MVA 28.7 26.6 27.1 27.1 7.9 27.6 28.3 28.3 29.1 8.5 29.9 29.9 29.9 8.7 30.8 32.3 34.1
MW 45.5 51.3 58.6 47.6 13.9 62.1 65.7 50.1 51.1 14.9 52.3 52.3 52.3 15.3 53.5 54.7 56.1

MVar 16.5 24.8 28.4 23.1 6.7 30.1 31.8 24.3 24.7 7.2 25.3 25.3 25.3 7.4 25.9 26.5 27.2
MVA 48.4 57.0 65.1 52.9 15.4 69.0 73.0 55.7 56.8 16.6 58.1 58.1 58.1 17.0 59.4 60.8 62.3
MW 2.5 27.3 28.6 28.6 8.4 30.0 31.4 31.4 32.8 9.6 37.7 37.7 37.7 11.0 43.2 48.8 51.6

MVar 0.9 13.2 13.9 13.9 4.0 14.5 15.2 15.2 15.9 4.6 18.3 18.3 18.3 5.3 20.9 23.6 25.0
MVA 2.7 30.3 31.8 31.8 9.3 33.3 34.9 34.9 36.4 10.6 41.9 41.9 41.9 12.2 48.0 54.2 57.3
MW 0.0 0.0 0.0 11.0 3.2 0.0 0.0 15.6 17.9 5.2 20.2 20.2 20.2 5.9 22.5 22.5 22.5

MVar 0.0 0.0 0.0 5.3 1.6 0.0 0.0 7.6 8.7 2.5 9.8 9.8 9.8 2.9 10.9 10.9 10.9
MVA 0.0 0.0 0.0 12.2 3.6 0.0 0.0 17.3 19.9 5.8 22.4 22.4 22.4 6.6 25.0 25.0 25.0
MW 0.0 15.1 15.4 15.4 4.5 15.8 16.1 16.1 16.6 4.8 17.0 17.0 17.0 5.0 17.5 18.0 18.5

MVar 0.0 7.3 7.5 7.5 2.2 7.7 7.8 7.8 8.0 2.3 8.2 8.2 8.2 2.4 8.5 8.7 9.0
MVA 0.0 16.8 17.1 17.1 5.0 17.6 17.9 17.9 18.4 5.4 18.9 18.9 18.9 5.5 19.4 20.0 20.6
MW 1.9 4.7 4.7 4.7 1.4 4.7 4.7 4.7 4.8 1.4 4.8 4.8 4.8 1.4 4.8 4.9 4.9

MVar 0.7 2.3 2.3 2.3 0.7 2.3 2.3 2.3 2.3 0.7 2.3 2.3 2.3 0.7 2.3 2.4 2.4
MVA 2.0 5.2 5.2 5.2 1.5 5.2 5.3 5.3 5.3 1.5 5.3 5.3 5.3 1.5 5.4 5.4 5.4
MW 76.9 122.3 131.7 131.7 38.5 137.5 143.4 143.4 149.4 43.6 158.9 158.9 158.9 46.4 169.2 178.0 184.3

MVar 27.2 57.0 61.5 61.5 18.0 64.3 67.2 67.2 70.0 20.4 74.6 74.6 74.6 21.8 79.6 83.8 86.9
MVA 81.8 135.9 146.3 146.3 42.7 152.7 159.4 159.4 166.0 48.5 176.5 176.5 176.5 51.5 188.0 197.8 204.8

MW 57.7 91.7 98.8 98.8 28.8 103.1 107.6 107.6 112.0 32.7 119.2 119.2 119.2 34.8 126.9 133.5 138.2
% 79 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75

MW 15.0 30.6 32.9 32.9 9.6 34.4 35.9 35.9 37.3 10.9 39.7 39.7 39.7 11.6 42.3 44.5 46.1
% 21 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

MW 72.7 122.3 131.7 131.7 38.4 137.5 143.5 143.5 149.3 43.6 158.9 158.9 158.9 46.4 169.2 178.0 184.3

MW 1.12 2.62 3.05 1.83 0.18 3.38 3.73 2.13 2.33 0.21 2.56 2.48 2.39 0.22 2.61 2.83 3.01
% 1.54 2.14 2.32 1.39 0.47 2.46 2.60 1.48 1.56 0.48 1.61 1.56 1.50 0.47 1.54 1.59 1.63

送電損失

損失
(ジャバナス－20kV Bus間)

輸入

国内

合計

合計

輸入・発電電力

電力需要（変電所別）
力率

マラブ

ブラウス

パルムレ

アリザビエ

ジャバナス

ナガド

「ジ」国マスタープラン

No2 63/20kV 変圧器
（ジャバナス）

No2 and No3 63/20kV Tr
（マラブ）

No3 63/20kV 変圧器
(ブラウス)

提言事項
No.4 230/63kV Trの検討
（ジャバナス）

ジャバナス発電所

63kV 送電線
（ジャバナス－ブラウス間）

他ドナーによるプロジェクト

運用年数 1 4 5
2019

3

ケース
西暦 2017 2020 2021

キャパシタ
（ジャバナス、ブラウス、マラブ）

最低需要

プロジェクト

No3 230/63kV 変圧器
（ジャバナス）

イベント (●: 運用)
電力需要

最大需要

Semera 国際連系線

パルムレ変電所化
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表 1 電力潮流解析シナリオ一覧（２／２） 

 

Case17 Case18 Case19 Case20 Case21 Case22 Case23 Case24 Case25 Case26 Case27 Case28 Case29 Case30 Case31 Case32
2026 2027 2028 2029 2030 2034 2035
10 11 12 13 14 15 15 18 19

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ●

● ● ●

● ● ● ● ●

0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
MW 32.1 32.1 9.4 33.7 35.4 36.4 37.5 38.6 39.8 39.8 41.0 41.0 42.3 42.3 43.7 45.2

MVar 15.5 15.5 4.5 16.3 17.1 17.6 18.2 18.7 19.3 19.3 19.9 19.9 20.5 20.5 21.2 21.9
MVA 35.7 35.7 10.4 37.4 39.3 40.4 41.7 42.9 44.2 44.2 45.6 45.6 47.0 47.0 48.6 50.2
MW 57.2 57.2 16.7 58.7 60.3 61.9 63.6 65.4 67.3 67.3 69.2 69.2 71.3 71.3 73.5 75.8

MVar 27.7 27.7 8.1 28.4 29.2 30.0 30.8 31.7 32.6 32.6 33.5 33.5 34.5 34.5 35.6 36.7
MVA 63.6 63.6 18.6 65.2 67.0 68.8 70.7 72.7 74.8 74.8 76.9 76.9 79.2 79.2 81.7 84.2
MW 54.3 54.3 15.9 55.7 57.2 58.7 60.2 61.7 61.8 61.8 62.0 62.0 62.1 62.1 62.3 62.5

MVar 26.3 26.3 7.7 27.0 27.7 28.4 29.2 29.9 29.9 29.9 30.0 30.0 30.1 30.1 30.2 30.3
MVA 60.3 60.3 17.6 61.9 63.6 65.2 66.9 68.6 68.7 68.7 68.9 68.9 69.0 69.0 69.2 69.5
MW 22.5 22.5 6.6 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5

MVar 10.9 10.9 3.2 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9
MVA 25.0 25.0 7.3 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
MW 19.0 19.0 5.6 19.6 20.2 20.8 21.5 22.2 23.0 23.0 23.8 23.8 24.6 24.6 25.5 26.4

MVar 9.2 9.2 2.7 9.5 9.8 10.1 10.4 10.8 11.1 11.1 11.5 11.5 11.9 11.9 12.4 12.8
MVA 21.2 21.2 6.2 21.8 22.4 23.1 23.9 24.7 25.6 25.6 26.4 26.4 27.3 27.3 28.3 29.3
MW 4.9 4.9 1.4 5.0 5.0 5.1 5.1 5.2 5.2 5.2 5.3 5.3 5.4 5.4 5.4 5.5

MVar 2.4 2.4 0.7 2.4 2.4 2.5 2.5 2.5 2.5 2.5 2.6 2.6 2.6 2.6 2.6 2.7
MVA 5.4 5.4 1.6 5.6 5.6 5.7 5.7 5.8 5.8 5.8 5.9 5.9 6.0 6.0 6.0 6.1
MW 190.0 190.0 55.5 195.2 200.6 205.4 210.4 215.6 219.6 219.6 223.8 223.8 228.2 228.2 232.9 237.9

MVar 89.7 89.7 26.2 92.1 94.7 97.0 99.4 101.9 103.8 103.8 105.8 105.8 107.9 107.9 110.2 112.6
MVA 211.2 211.2 61.7 216.9 222.9 228.2 233.8 239.6 244.0 244.0 248.7 248.7 253.6 253.6 258.8 264.3

MW 142.5 142.5 41.6 146.4 150.5 154.1 157.8 161.7 164.7 164.7 167.9 167.9 171.2 171.2 174.7 178.4
% 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75

MW 47.5 47.5 13.9 48.8 50.2 51.4 52.6 53.9 54.9 54.9 56.0 56.0 57.1 57.1 58.2 59.5
% 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25

MW 190.0 190.0 55.5 195.2 200.7 205.5 210.4 215.6 219.6 219.6 223.9 223.9 228.3 228.3 232.9 237.9

MW 3.26 3.06 0.24 3.32 3.23 3.37 3.66 3.83 4.07 3.86 4.11 3.95 4.11 3.86 4.04 4.30
% 1.72 1.61 0.43 1.70 1.61 1.64 1.74 1.78 1.85 1.76 1.84 1.76 1.80 1.69 1.73 1.81

ケース
西暦

キャパシタ
（ジャバナス、ブラウス、マラブ）

最低需要

プロジェクト

No3 230/63kV 変圧器
（ジャバナス）

イベント (●: 運用)
電力需要

最大需要

Semera 国際連系線

2025 2031 2032
運用年数 9 16

パルムレ変電所化

ジャバナス発電所

63kV 送電線
（ジャバナス－ブラウス間）

他ドナーによるプロジェクト

ナガド

「ジ」国マスタープラン

No2 63/20kV 変圧器
（ジャバナス）

No2 and No3 63/20kV Tr
（マラブ）

No3 63/20kV 変圧器
(ブラウス)

提言事項
No.4 230/63kV Trの検討
（ジャバナス）

合計

輸入・発電電力

電力需要（変電所別）
力率

マラブ

パルムレ

アリザビエ

ブラウス

ジャバナス

送電損失

損失
(ジャバナス－20kV Bus間)

輸入

国内

合計

2033
17
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図 1 ロードフロー図 2012年（Base） 
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図 3 ロードフロー図 2017年（Case2） 

 

Jaban As S/S H

31.5 kA230 kV

227
.5 

kV
2000 A

Semera

230 kV

233
.4 

kV

Jaban As S/S L

20 kA63 kV

63.
919

 kV

2000 A

Jaban As PS

15 kV

14.
615

 kV

Jaban As Load

25 kA20 kV

20.
161

 kV
2500 A

Ali Sabieh S/S H

20 kA63 kV 62.
933

 kV

2000 A

Ali Sabieh S/S L

25 kA20 kV 20.
04 

kV
2500 A

Palmeraie Connection P1

63 kV 62.
401

 kV

Marabout S/S H

20 kA63 kV

61.
73 

kV

2000 A

Marabout S/S L

20 kV

20.
109

 kV

Boulaos S/S H

20 kA63 kV

61.
496

 kV
2000 A

New Nagad S/S2

63 kV

New Nagad S/S1

63 kV

Boulaos S/S L

25 kA20 kV
19.

666
 kV

2500 A

Palmeraie Connection P2

63 kV

61.
964

 kV

Palmeraie S/S L

25 kA20 kV

19.
93 

kV
2500 A

Dire Dawa

230 kV

233
.4 

kV Adigala

230 kV

SR4

15 MVA 0 MW

15 MvarEthiopia1

51 MW

-1.7 Mvar

25.2 MW

11.5 Mvar

SR1
10 MVA

0 MW

10 MvarTL(Ash) 163km

SR2

10 MVA

0 MW

10 Mvar

TL(Ash) 120km

SR3

10 MVA

0 MW

10 Mvar

SR5

15 MVA

0 MW

15 Mvar

TL(Ash) 283km

25 MW

10.5 Mvar

No1 J/H

230/63 kV
63 MVA

50 MW

15.5 Mvar

TL4(Aster366) 8.2km

Palmeraie Load

17.129 MVA

15.4 MW

7.5 Mvar

CAP8

6.3 Mvar

0 MW

6.3 Mvar

CAP9

6.3 Mvar

0 MW

6.3 Mvar

15.4 MW

-5 Mvar

No1 P/L

63/20 kV
40 MVA

C
a
b
l
e
(
1
x
8
0
0
m
m
2
)
 
3
.
8
k
m

G24

5.5 MW

T24

21/10.5 kV

6.7 MVA

No1 B/L

63/21 kV
36 MVA

29.2 MW

14.2 Mvar

G23B

8.5 MW

T23B

21/5.5 kV

11 MVA

G18

7.25 MW

T18

21/5.5 kV

9.1 MVA

G17

7.25 MW

T17

21/5.5 kV

9.1 MVA

G16

6 MW

T16

21/5.5 kV

7.55 MVA

G15

6 MW

T15

21/5.5 kV

7.55 MVA

G14

6 MW

T14

21/5.5 kV

7.55 MVA

G13

6 MW

T13

21/5.5 kV

7.55 MVA

G12

7.25 MW

T12

21/5.5 kV

9.1 MVA

G 1

6 MW

T11

21/5.5 kV

7.7 MVA

G31

4.5 MW

T31

21/10.5 kV

6.7 MVA

G32

4.5 MW

T32

21/10.5 kV

6.7 MVA

Boulaos Load

65.119 MVA

58.6 MW

28.4 Mvar

No3 B/L

63/21 kV
36 MVA

29.4 MW

14.2 Mvar

No2 B/L

63/21 kV
36 MVA

G25

14.4 MW

T25

66/5.5 kV
18 MVA

G22B

17 MW

T22B

66/15 kV
18 MVA

G21

15.2 MW

T21

66/5.5 kV
19 MVA

T
L
6
(
A
s
t
e
r
3
6
6
)

Nagad Load

0 MVA

T
L
5
(
A
s
t
e
r
3
6
6
)

Cable(1X800mm2)

C
a
b
l
e
(
1
x
4
0
0
m
m
2
)
 
4
.
8
k
m

M6

3 MW

M4

3 MW

M2

3 MW

No2 M/G

20/15 kV

12 MVA

M5

3 MW

M3

3 MW

M1

3 MW

No1 M/G

20/15 kV

12 MVA

CAP1

1.54 Mvar

0 MW

1.6 Mvar

CAP2

1.54 Mvar

0 MW

1.6 Mvar

Marabout Load

27.104 MVA

24.4 MW

11.8 Mvar

No3 M/L

63/21 kV

36 MVA

No2 M/L

63/21 kV

36 MVA

24.4 MW

8.7 Mvar

No1 M/L

63/21 kV

36 MVA

Cable(1X800mm2) 5km

TL3(Aster366) 8.2km

T
L
2
(
A
s
h
)
 
7
2
k
m

Ali Sabieh Load

5.233 MVA

4.7 MW

2.3 Mvar

4.7 MW

2.3 Mvar

No1 A/L

63/20 kV

12 MVA

T
L
1
(
A
s
h
)
 
7
2
k
m

JabanAs Load

30.635 MVA

27.3 MW

13.9 Mvar

No2 J/L

63/20 kV

40 MVA

27.3 MW

13.9 Mvar

No1 J/L

63/20 kV
40 MVA

G4

8 MW

6 MW

6.8 Mvar

G3

8 MW

7 MW

6.5 Mvar

G2

8 MW

7 MW

6.5 Mvar

G1

8 MW

7 MW

6.5 Mvar

G7

8 MW

G6

8 MW

G5

8 MW

5.9 MW

6.9 Mvar

No1 J/G

63/15 kV

70 MVA

16.4 MW

16.6 Mvar

16.4 MW

16.6 Mvar

No2 J/G

63/15 kV

70 MVA

No3 J/H

230/63 kV

63 MVA

No4 J/H

230/63 kV

63 MVA

50.3 MW

15.7 Mvar

No2 J/H

230/63 kV
63 MVA

Ethiopia2

51.2 MW

-2.1 Mvar

SR12

15 MVA 0 MW

15 Mvar

25.2 MW

10.4 Mvar

TL(Ash)281km

SR11

15 MVA

0 MW

15 Mvar

SR8

15 MVA

0 MW

15 Mvar

TL(Ash) 281km

SR7

15 MVA 0 MW

15 Mvar

25.2 MW

10.4 Mvar

Ali Sabieh Load

5.233 MVA

Boulaos Load

65.119 MVA

Marabout Load

27.104 MVA

JabanAs Load

30.635 MVA

SR2

10 MVA

SR3

10 MVA

SR5

15 MVA

SR4

15 MVA

SR1
10 MVA

Nagad Load

0 MVA

Palmeraie Load

17.129 MVA

SR7

15 MVA

SR8

15 MVA

SR12

15 MVA

SR11

15 MVA

Ethiopia2

M6

3 MW

G24

5.5 MW

G23B

8.5 MW

G18

7.25 MW

G17

7.25 MW

G16

6 MW

G15

6 MW

G14

6 MW

G13

6 MW

G12

7.25 MW

G 1

6 MW

G25

14.4 MW

G22B

17 MW
G21

15.2 MW

G31

4.5 MW

G32

4.5 MW

M4

3 MW

M2

3 MW

M5

3 MW

M3

3 MW

M1

3 MW

G7

8 MW

G6

8 MW

G5

8 MW

G4

8 MW

G3

8 MW

G2

8 MW

G1

8 MW

TL(Ash) 163kmTL(Ash) 120km

TL(Ash) 283km

TL(Ash) 281km

TL(Ash)281km

T
L
1
(
A
s
h
)
 
7
2
k
m

TL3(Aster366) 8.2km

T
L
2
(
A
s
h
)
 
7
2
k
m T
L
5
(
A
s
t
e
r
3
6
6
)

T
L
6
(
A
s
t
e
r
3
6
6
)

C
a
b
l
e
(
1
x
8
0
0
m
m
2
)
 
3
.
8
k
m

C
a
b
l
e
(
1
x
4
0
0
m
m
2
)
 
4
.
8
k
m

Cable(1X800mm2) 5km

Cable(1X800mm2)

No2 M/G

20/15 kV

12 MVA

No1 M/G

20/15 kV

12 MVA

T24

21/10.5 kV

6.7 MVA

T23B

21/5.5 kV

11 MVA

T18

21/5.5 kV

9.1 MVA

T17

21/5.5 kV

9.1 MVA

T16

21/5.5 kV

7.55 MVA

T15

21/5.5 kV

7.55 MVA

T14

21/5.5 kV

7.55 MVA

T13

21/5.5 kV

7.55 MVA

T12

21/5.5 kV

9.1 MVA
T11

21/5.5 kV

7.7 MVA

T25

66/5.5 kV
18 MVA

T22B

66/15 kV
18 MVA

T21

66/5.5 kV
19 MVA

T31

21/10.5 kV

6.7 MVA
T32

21/10.5 kV

6.7 MVA

No2 J/L

63/20 kV

40 MVA

No3 J/H

230/63 kV

63 MVA

No4 J/H

230/63 kV

63 MVA

No2 M/L

63/21 kV

36 MVA

No3 M/L

63/21 kV

36 MVA

No3 B/L

63/21 kV
36 MVA

Jaban As S/S H

31.5 kA230 kV 2000 A

Jaban As S/S L

20 kA63 kV 2000 A

Jaban As Load

25 kA20 kV 2500 A

Palmeraie Connection P2

63 kV
Palmeraie Connection P1

63 kV

Marabout S/S H

20 kA63 kV 2000 A

Boulaos S/S H

20 kA63 kV 2000 A

Marabout S/S L

20 kV

Boulaos S/S L

25 kA20 kV 2500 A

Ali Sabieh S/S H

20 kA63 kV 2000 A

Ali Sabieh S/S L

25 kA20 kV 2500 A

Adigala

230 kV

Dire Dawa

230 kV

Semera

230 kV

Palmeraie S/S L

25 kA20 kV 2500 A

Jaban As PS

15 kV

New Nagad S/S1

63 kV

New Nagad S/S2

63 kV

CAP1

1.54 Mvar

CAP2

1.54 Mvar

CAP8

6.3 Mvar

CAP9

6.3 Mvar

21.4 MW

8.4 Mvar

37.5 MW

30.3 Mvar

46.4 MW

16.9 Mvar

2.4 MW

1.3 Mvar

2.4 MW

1.3 Mvar

46.4 MW

16.9 Mvar

53.3 MW

23.4 Mvar

No1 A/L

63/20 kV

12 MVA

No1 B/L

63/21 kV
36 MVA

No1 J/G

63/15 kV

70 MVA

No1 J/H

230/63 kV
63 MVA

No1 J/L

63/20 kV
40 MVA

No1 M/L

63/21 kV

36 MVA

No1 P/L

63/20 kV
40 MVA

No2 B/L

63/21 kV
36 MVA

No2 J/G

63/15 kV

70 MVA

No2 J/H

230/63 kV
63 MVA

50.1 MW

21.3 Mvar

50.5 MW

21.4 Mvar

27.4 MW

16.7 Mvar

46.9 MW

18.7 Mvar

54.1 MW

26 Mvar

2.4 MW

0.5 Mvar

2.4 MW

0.5 Mvar

37.9 MW

27.6 Mvar

21.3 MW

9.5 Mvar

24.5 MW

12.1 Mvar

29.5 MW

20 Mvar

4.7 MW

2.5 Mvar

29.3 MW

19.9 Mvar

45.9 MW

20.5 Mvar

25.6 MW

-0.4 Mvar

25.4 MW

-1.3 Mvar

25.6 MW

-1.1 Mvar

25.6 MW

-1.1 Mvar

15.4 MW

-4.2 Mvar

TL4(Aster366) 8.2km

20.
04 

kV

62.
933

 kV

20.
109

 kV

61.
496

 kV

61.
73 

kV

62.
401

 kV61.
964

 kV

20.
161

 kV

63.
919

 kV

227
.5 

kV

50.1 MW

21.3 Mvar

50.5 MW

21.4 Mvar

50.3 MW

15.7 Mvar

50 MW

15.5 Mvar

46.9 MW

18.7 Mvar

54.1 MW

26 Mvar

53.3 MW

23.4 Mvar

37.9 MW

27.6 Mvar

21.4 MW

8.4 Mvar

37.5 MW

30.3 Mvar

24.5 MW

12.1 Mvar

29.5 MW

20 Mvar

19.
666

 kV

29.4 MW

14.2 Mvar

29.3 MW

19.9 Mvar

29.2 MW

14.2 Mvar

2.4 MW

0.5 Mvar

2.4 MW

0.5 Mvar

2.4 MW

1.3 Mvar

2.4 MW

1.3 Mvar

4.7 MW

2.5 Mvar

4.7 MW

2.3 Mvar

0 MW

1.6 Mvar

0 MW

1.6 Mvar

27.4 MW

16.7 Mvar

27.3 MW

13.9 Mvar

4.7 MW

2.3 Mvar

58.6 MW

28.4 Mvar

24.4 MW

11.8 Mvar

27.3 MW

13.9 Mvar

21.3 MW

9.5 Mvar

25.2 MW

11.5 Mvar

25 MW

10.5 Mvar

233
.4 

kV

51 MW

-1.7 Mvar

25.6 MW

-0.4 Mvar

25.4 MW

-1.3 Mvar

0 MW

10 Mvar

0 MW

10 Mvar

0 MW

15 Mvar

0 MW

15 Mvar

0 MW

10 Mvar

233
.4 

kV

51.2 MW

-2.1 Mvar

25.6 MW

-1.1 Mvar

25.2 MW

10.4 Mvar

25.6 MW

-1.1 Mvar

19.
93 

kV

15.4 MW

7.5 Mvar

15.4 MW

-5 Mvar

15.4 MW

-4.2 Mvar

0 MW

6.3 Mvar

0 MW

6.3 Mvar

14.
615

 kV

6 MW

6.8 Mvar

16.4 MW

16.6 Mvar

7 MW

6.5 Mvar

7 MW

6.5 Mvar

7 MW

6.5 Mvar

5.9 MW

6.9 Mvar

16.4 MW

16.6 Mvar

0 MW

15 Mvar

0 MW

15 Mvar

0 MW

15 Mvar

0 MW

15 Mvar

25.2 MW

10.4 Mvar

46.4 MW

16.9 Mvar

45.9 MW

20.5 Mvar

46.4 MW

16.9 Mvar

24.4 MW

8.7 Mvar

Ethiopia1



11 

 

図 4 ロードフロー図 2017年（Case3） 
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図 5 ロードフロー図 2017年（Case4） 
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図 6 ロードフロー図 2018年（Case5） 
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図 12 ロードフロー図 2021年（Case11） 
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図 23 ロードフロー図 2028年（Case22） 
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図 24 ロードフロー図 2029年（Case23） 
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図 25 ロードフロー図 2030年（Case24） 
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図 27 ロードフロー図 2031年（Case26） 
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図 28 ロードフロー図 2032年（Case27） 
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図 30 ロードフロー図 2033年（Case29） 
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図 31 ロードフロー図 2033年（Case30） 
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0 MW

10 Mvar

0 MW

15 Mvar

0 MW

15 Mvar

0 MW

10 Mvar

233
.4 

kV

94.4 MW

20.5 Mvar

47.2 MW

10.2 Mvar

45.8 MW

16.5 Mvar

47.2 MW

10.2 Mvar

19.
887

 kV

26.4 MW

12.8 Mvar

26.4 MW

0.3 Mvar

26.4 MW

2.5 Mvar

0 MW

6.2 Mvar

0 MW

6.2 Mvar

15 
kV

7 MW

4.5 Mvar

24.5 MW

15.8 Mvar

7 MW

4.5 Mvar

7 MW

4.5 Mvar

7 MW

4.5 Mvar

7 MW

4.5 Mvar

7 MW

4.5 Mvar

7 MW

4.5 Mvar

24.5 MW

15.8 Mvar

0 MW

15 Mvar

0 MW

15 Mvar

0 MW

15 Mvar

0 MW

15 Mvar

45.8 MW

16.5 Mvar

45.7 MW

12.1 Mvar

45.8 MW

16.9 Mvar

45.7 MW

12.1 Mvar

45.8 MW

16.9 Mvar

61.
789

 kV

22.5 MW

10.9 Mvar

22.5 MW

10.9 Mvar

49.6 MW

10.2 Mvar

49 MW

13.7 Mvar

49.6 MW

10.2 Mvar

15.1 MW

4.6 Mvar

15.1 MW

4.6 Mvar

15.1 MW

4.6 Mvar

15.1 MW

5.9 Mvar

15.1 MW

5.9 Mvar

25.4 MW

12.5 Mvar

25.3 MW

8.8 Mvar

0 MW

10.1 Mvar

0 MW

10.2 Mvar

0 MW

5.1 Mvar

2000 A  20 kA
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