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PREFACE

In response to a request from the Government of Lao People’s Democratic
Republic, the Government of Japan decided to conduct the Study on Master Plan
of Transmission and Substation System in Lao P.D.R. and entrusted the study to
the Japan International Cooperation Agency (JICA).

JICA sent a study team headed by Mr. Ko NAKAJIMA of Nippon Koei Co., Ltd.
organized by Nippon Koei Co., Ltd. and Tokyo Electric Power Company to Lao
P.D.R. six times from March 2001 to September 2002.

The team held discussions with the officials concerned of the Government of
Lao P.D.R., and conducted related field surveys. After returning to Japan, the
team conducted further studies and compiled the final results in this report.

| hope this report will contribute to the improvement of the situation of
electricity supply in Lao P.D.R. and to enhancement of friendly relations between
our two countries.

| wish to express my sincere appreciation to the officials concerned of the
Government of Lao P.D.R. for their close cooperation throughout the study.

September 2002

\/\/] v 74 ﬁ[%

Takao KAWAKAMI
President
Japan International Cooperation Agency




September 2002

Mr. Takaaki Kawakami

President

Japan International Cooperation Agency
Tokyo, Japan

Dear Mr. Kawakami,

Letter of Transmittal

We are pleased to submit you the final report on the Study on Master Plan of Transmission
and Substation System in Lao People’s Democratic Republic.

This study was conducted by the joint venture of Nippon Koei Co., Ltd. and Tokyo
Electric Power Company under a contract to JICA, during the period from March 2001 to
September 2002. In conducting the study, we have formulated the Master Plan for the
optimum transmission and substation systemin Lao P.D.R. up to 2020.

We wish to take this opportunity to express our sincere gratitude to the officials concerned
of JICA, the Ministry of Foreign Affairs and the Ministry of Economy, Trade and Industry.
We would also like to express our gratitude to the officials concerned of the Ministry of
Industry and Handicrafts, the Electricite du Laos and Embassy of Japan in Lao P.D.R. for
their cooperation and assistance throughout our field survey.

Finally, we hope that this report will contribute to further promotion of the project.

Very truly yours,

PN

Ko NAKAJMA
Team Leader

The Study on Master Plan of Transmission and
Substation Systemin Lao P.D.R

Nippon Koei Co., Ltd.



THE STUDY ON MASTER PLAN
OF
TRANSMISSION LINE AND SUBSTATION SYSTEM
IN
LAO PEOPLE’S DEMOCRATIC REPUBLIC

FINAL REPORT
(Main Report)

CONTENTS

Executive Summary

Part -1 Master Plan

Chapter 1 Introduction

1.1 Background Of the STUAY ... 1-1
1.2 Objective and SCOPE Of thE STUAY .....uuuuui e 1-2
1.2.1 ODJECHIVE OF thE STUAY ......vuveiiiiiiiiiiiiiiiiiiitiibbbbbbe bbb eee e e eeeeeeeeeneeeeerennes 1-2
1.2.2  SCOPE OF tE STUAY .....ueiiiiiiiiiiiiiiitiietiiibbibbbebb bbbttt s e s e e eeeeeneees 1-2
L.2.3  STUAY ATCA ...ttt ettt et en e e e e e nrnnnee 1-3
1.3 Approach and Methodology Of the STUAY .......cooeiiiii 1-4
1.3.1  INVESHQGALION STAYE .. . uuuttttuiiiiiitiiiiitieetbbeeettetbeebe bbbttt e bbbttt e et eessseesnnsnenes 1-4
1.3.2  SyStem PIAnNiNG STAQGE ........uuuuuuuuuutunutntittiiernnnteeueeereeeeeareeeeeeeeeeeeeeeseeeeesseereeseeessseeeerernes 1-5
1.3.3 MaSter Plan StUAY SEAQGE ........uuuuuuiiiiiiuitiiiiiiiitiitetieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeseeeseseeeereenes 1-6
1.4  The Study Team and Counterpart STaffs .........cccooioiiioi 1-8
1.5  Schedule and Progress of the StUAY.........ccooiiii s 1-9
1.6 ProviSion Of EQUIPMIENT. ... ... as 1-9
1.7  Transfer of Knowledge and TEChNOIOGY .........cooeiiiooeieeie s 1-10

Chapter 2 Lao People’'s Democratic Republic

2.1 Profile of the COUNTIY ..o -1
2.1.1 Geography and POPUIALION ......ccooiiiiieeeeeee s -1
2.1.2 Climate, FIOra and FAUNG .........couuiiiiiiiie e eeans -2
2.1.3 AdMINISIIAtIVE STIUCTUIE ...uuuiiiieeeiieeiii et e e e e et e s e e e e e eaata e e e e e eeenennnn -3

2.2 Social and ECONOMIC CONUItIONS.......uuiiiiiiiiiiiiiiise e ee e e e et e e e e e eaeaa e es -4
2.2.1 Overall SOCIal CONUITIONS ....uuiieeeiiiiiiiie e e et e et e e e e e e ea e s e e e aeearee e aeeeaeesennnn -4
2.2.2 Overall ECONOmMIC CONAItIONS ....civvviiiiiiieei it e e e e e e e e et e e e e e aeeaennns I1-5
2.2.3 NAONAl BUAGEL. ... -7
2.2.4 BalanCe Of PaymMENT .....ccooiiiiiiiiieeeeee e I1-9
2.2.5 EXIEINAI DEDL ...oeeiiiiiiiii i aaaaarana I1-10
2,28 TrAAE i I1-10
2.2.7 Foreign Investment and ASSISIANCE ......cccoiiiiiiiiiieee e I-11
A = T 11 = 1S3 € 0o (0 | = USSP I-11
2.2.9 National Economic Policy and PIANS .......ccooiiiiiiiiiiee e I1-13

2.3 OULliNE Of ENEIGY SECION......ciiiii it I1-18



2.3.1 ENEIGY POlICY ..o I1-18
2.3.2 Indigenous ENErgy RESOUICES .....cciiiiiiiiieiiiieee e I1-19
2.3.3 Demand and SUupply Of ENEIGY ...ccooiiiiiiiieeee e I1-21

Chapter 3 Current Situation of Power Sector

il OVBIVIBW e -1
Ll GBNEIAL i -1
3.1.2 Electrification Of the COUNTIY......cooiiiiiiiee e -2
3.1.3  AdmINiStration Of POWEN SECLON .....cciiiiiiieieieee s -2

3.2 Organizations and Functions of INSHIUtIONS..........coooiiiiiiiii e -3
3.2.1 Ministry of Industry and Handicraft (MIH) ........cooooiiiiiii e -3
3.2.2 EIeCtricite du LAOS (EDL) ....ccoiiiiiieiieeeeee e -4
3.2.3 Department of Investment Promotion (DIP) ......coooiiiiiiiiioieeee e -5
3.2.4 Committee for Planning and Cooperation (CPC).......ccouiiiiiiiiieieieieeeee e -5
3.2.5 Science, Technology and Environment Agency (STEA) ...cooooviiiiiiiiieeeeeeeeeeeeeeeeeeeeee e -6
3.2.6 Lao National Committee for Energy (LNCE) ....coooiiiiiiiiiie e -6
3.2.7 Provincial and District AUTNOKITIES .....ccciiieiiieeee e -6
3.2.8 Private Sector Participation to Power Development ACtVItIes ..........ccooeeveeeeiiiiiiieieieenn. -6
3.2.9 Power Sector Construction COMPANY ....ccoiiiiiiiiiaiaaaae e -6

3.3 EXIiStiNg POWET FACIItIES ..o -7
3.3.1 Generation Facilities iNCIUdiNg IPP ... -7
3.3.2 Transmission Line and Substation FACIlIties ..........coooiiiiiiiiii e -8
3.3.3  DIStribUtioON FaCIlIti®S ... -9
3.3.4 International CoNNECHNG LINES ....oiiiiiiiiiieieieee e I-10
3.3.5 Communications FacilitieS in POWET SECIOT .......ccoiiiiiiiiieieeeeeeeeee e I -11
3.3.6  Load DiSpatChing CoNTEN ....cciie i - 11

3.4 Historical Electricity Demand and SUPPIY ......cooiiiiiiii e - 12
3.4.1 Past Energy Consumption RECOM .......ccoiiiiiiiiiieieie e - 12
3.4.2 Past Record of Peak LOAG .......cccoiiiiiiiiiieeeeieeee e 1-13
3.4.3 Energy Consumption DY CONSUMET TYPE ...iiiiiiiiiieiee e - 14
3.4.4 Gross Generation iN La0 PDR ... I -15

3.5 EIECHICIY LAW .o - 17

3.6 Power Sector POliCY StateMENT .......ccoiiiiiiiii i I -18
3.6.1 SPECIfIC ODJECHIVES ...t I-18
3.6.2 Policy Implementation PIAN ... - 19

3.7 EIECHACItY StANGAITUS ..o 1-19

3.8 POWET Tariff SY S OM i 1 -20
3.8.1 Domestic POWer Tariff SYStEIM ..o 1 -20
3.8.2 EDL's Export and IMpPort Tariffs ..o - 21
3.8.3 IPP Tariffs for EXport to EGAT and EDL .....cccooiiiiiiiieiieeeeeeeeeeeeeeee e 1 - 22

3.9 O & MOf TranSMISSION SYSIEIM ....ciiiiiiii i 1 - 23
3.9.1 Present O & M Organization Of EDL ........ccooiiiiiiiiiiiieeeeee e I - 23
3.9.2 Present O & M Manuals for Power Facilities ..........coooiioiiiiii e I - 25
3.9.3 Education and Training of EDL EMPIOYEES ......ccooiiiiiiiiiiieeieeeeeeeeeeeeeee e - 25
3.9.4 Costs of O & M Of TransSmMISSION SYSIEIM ....cciiiiiiiiie e I - 26
3.9.5 Issues of O & M for Transmission Lines and Substations ..., Il - 26

3.10 Environmental Law and LegiSIation...........cooiiiiiiiiii 1 - 27



TR0 I R = (=YY= a1 AR (U = (o] I -27

3.10.2 Major ArtiCles Of the LaW .....ccooiiiiiieeeee s 1 - 27
3.11 Existing Expansion Plan of POWEr SYSIEM ......cooiiiiiiiiii e 111- 30
3.11.1 Generating FaCilltieS......ccii i 111- 30
3.11.2 DOMESLIC TranSMISSION GriOS . ...ccii i 11 - 30
3.11.3 Transmission Systems for POWEr EXPOIS ....ccoooiiiiiiieiieeeeee e - 31
3.11.4 Current Plan of 500 kV Power System in Lao PDR ........cccoooiiiiiiiiiiiieeeeeeeeeeeeeee 1 - 32
3.11.5 Export Plan to Thailand and Vietham by 500 KV LIiN€S ........coooiiiiiiiiiiiiiiieeeeeeeee Il -35
3.11.6 Lao National Grid Company (LNGC) ...ccceiiiiiiiiieeeeeeeeee e 1l - 36
3.11.7 On-going EIeCtrification ProJECE .......ccoiiiiiiiieeeeeee e 1 - 37
3.11.8 ADB Study for the Northern Area Rural Power Distribution Project (TA).......cccoeveeiieeennn. 1l - 38
3.12  Foreign ASSIStaNCe t0 POWETN SECION ......ccoiiiiiii i 1l - 38
3.12.1 Recent EXterNal ASSISTANCE .....ccoiiiiiiei e 1 - 38
3.12.2 New Projects expected for Immediate FULUIE .........ccooiiiiieiiiii e 1-39
3.13  Financial Situation Of EDL .......ccoiiiiiiiiiiiie e 11-39

Chapter 4 Generation Development Plan

4.1  Generation Development PIAn ...........ccccciiiiiii V-1
A.11 OVEIVIEW ..o V-1
4.1.2 Plans for EXPOIt PUIMPOSE......ccoiiiiiiiiiieieee e V-2
4.1.3 Plans for DOMESHC PUIPOSE .......ccoiiiiiiiiiiiiiiie V-4
4.1.4 Off-Grid SYSIEIMS ...ccoiiiiiiiiiii e IV-5

4.2 Development Plan for the STUAY ... V-8

Chapter 5 Electricity Demand Forecast

5.1  EXxisting Power Demand FOrECASE .........couiiiiiiiiiiieeeeeee s V-1
5.2  Methodology of Team's Demand FOrECASE..........ccouiiiiiiiiiieie e V-3
5.3  Socio-Economy and Demography........ccoooiiiiiiiiiii V-4
5.4  Electricity Demand Forecast by the Team ..o V-6
5.4.1 DemographiC ANAIYSIS......coiiiiiiioeieee e V-6
5.4.2 Forecast of Residential Demand.........coooiiiiiiiiiiii V-7
5.4.3 Demand Forecast for Industry and Commercial & Service Sector ..........cccceeeeveeerivennnnn. V-10
5.4.4 Demand Forecast for AQriCUltUre SECTON ......cccoiiiiiiiieeiee e V-14
5.4.5 Electricity Demand for Particular ProJECES .......cccoeiiiiiiiieieee e V-15
5.4.6  SYSIEIM LOSS ..iiiiiiiiii ettt nnnaan V-15
5.4.7 Peak POWEr DEMANA......ccoiiiiiiiieieeeee e V-16
5.4.8 Result of Electricity Demand Forecast (Base Case) .......ccoeuvveeiiiiiiiiiieaiaeeeeeeeeeeeeeeaeeeen V-16
5.4.9 Electricity Demand Forecast in High and LOW SCENAriOS........ccooviiiiiieiiiieiieeeeeeeeeeeeeennn V-17
5.5  Electricity Demand Forecast for EDL's Power Supply SYStem ..., V-19
5.5.1 Energy and Peak Demand by SUDSIation ...........coooiiiiiiiiiiii e V-19
5.5.2 Energy and Peak Demand for EDL'S Transmission Network...........ccooeveivieeiiiiiinnnnnennnns V-19
5.6  Demand - SUPPIY BAIANCE .......cooiiiiiiiii e V-20

Chapter 6 Formulation of the Optimum Transmission System

6.1  Methodology Of FOrMUIALION .......cooiiiiii i Vi-1
6.2  Principles for Formulation of EXpansion Plan ... VI-2
6.2.1 Conditions for Formulation of EXpansion Plan ... VI-2

6.2.2 MajOr DEMANGT ATCAS.....coi i i VI-3



6.2.3 Power Source t0 DEMANT AMBAS ........ciuueiiiiiiee et e e e e e e e eans VI-5

6.2.4 Basic Technical Criteria and Conditions for the Study.............cooooiiiiiiiii, VI-5
6.2.5 Environmental CoNSIAEIratioN ... ...coiiiiiiiieie e VI-6
6.3  Criteria for Selection of the OptimuM SYSIEMS.......ooiiiiiiii i VI-7
6.4  Current System and EXpansion PIaN ... VI-8
6.4.1 Current TranSmMIiSSION SYSEM . ..ciii i VI-8
6.4.2 CUrrent EXPanSion Plan ..o VI-9
6.5  ProSpective SUDSTALIONS. .......cooiiiiiiiiiie e Vi-11
B.5.1  SEIECHON CrItBITA. .. it Vi-11
6.5.2 Prospective Substations in the Northern Region..........cooooiiiiiiiiiiin VI-12
6.5.3 Prospective Substations in the Central 1 REGION ........cooieiiiiiiiiiiie e VI-13
6.5.4 Prospective Substations in the Central 2 REgION ........ccoiiiiiiiiiiiiieeeeee e VI-14
6.5.5 Prospective Substations in the Southern RegIiON .........coooviiieiiiiiiiiiieee e VI-14
6.6  Prospective TranSmMiSSION LINES ......coiiiiiiiiiiiiiie e VI-15
B.6.1  PrOSPECHVE LINES ..t VI-15
6.6.2 Alternative TransSmiSSION SYSIEMIS ....ciiiii i VI-15
6.6.3 Circumstances along LiNe ROULES.......ccoiiiiiiiiiiie s Vi-21
6.7  Methodology of Analysis for the Optimum SYStEM .......cooiiiiiiiiiii e VI - 25
B.7. 1 GBNEIAL ..o VI-25
B.7.2  TOOIS fOF ANAIYSIS .. VI - 27
6.7.3 Basic Particulars for ANAIYSIS ....coii i VI - 27
6.8  Optimum Development Plan (Base Plan) ... VI -33
B.8.1  SelECtEd SYSIOIMS. ..ttt VI -33
6.8.2 Optimization Of Selected SYSIEIM ... VI - 36
6.8.3 ReSUILS Of SYSIEM ANAIYSIS...ciiiiiiiiee i VI-41
6.9  Case Study 0N SyStem OPEIratioN .......ccoiiiiiiiiie e VI - 46
6.9.1 Coexistence of IMPOrt and EXPOrt.......cccooiiiiiiiiiii VI - 46
6.9.2 Example of System Operation for Base Plan in 2005..........ccoooiiiiiiiiiiiiiiieeeeeeee VI - 47
6.9.3 Example of System Operation for Base Plan in 2020 ..........ccoooeiiiiiiiiiiiiieeeeeeeeeeeeeeene VI - 49
6.10 Case Study on Alternation of Generation Development Program ...........ccooevveeeieiiiineenenennns VI -51
6.10.1 Alternation of Present Generation Development Program ... VI-51
6.10.2 ReSUItS Of SYSIEM ANAIYSIS. i VI-51

Chapter 7 Conceptual Design and Cost Estimate of the Projects

7.1 BaSIC DESIGN CrteIIa ... i Vil -1
7.1.1 National Standards and RegUIAtIONS .........coooiiiiiiii e Vil -1
7.1.2 CHMALIC CONAILIONS ... VIl -1
7.1.3 Design Particulars for TransmisSiON LINES .....ccooiiiiiiiiiieieeieeeeeeeeeeee e VIl -3
7.1.4 Design Particulars for Substation EQUIPMENT .......cooiiiiiiiiiieeeee e Vil -4

7.2 Preliminary Design of 115 KV Transmission LINES .........coooiiiiiiiiiiieeeeeeeeeeee VIl -5
7.2.1 Selection of Conductor and GroUNG-WIr€ .........cccoiiiiiiiiiieeeaeeee s VIl - 6
7.2.2  INSUIALON DESIGN ... VIl -7
7.2.3  GroUNd ClEAIANCE ... oot i VIl - 8
7.2.4 TOWEr CONFIGUIBLION ... e e e VIl -9
7.2.5 Preliminary TOWET DESION ....ccoiiieiieeeeee e VIl - 10
7.2.6 Preliminary Design of FOUNAAtION ........cooiiiiiiiiieeee e Vil -11

7.2.7 Standard Quantities of 115 KV Transmission LINEeS........ccooiviiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeenn VIl - 12



7.3 Preliminary Design of SUDSIAtiONS ........oooiiiiiiii e VIl - 13

RS B R B T T | ¢ W Ofo ] [o1=T o | ST PP PP PP T PP PP PP PPPPP PPN VIl - 13
7.3.2 BUSDAr ArTaNgEMENT ... VIl - 15
7.3.3  Main TranSfOrMErS ... VIl - 16
7.3.4 Switchgear and other EQUIDIMENT ......cooiiiiiiiii e VIl - 17
7.4  Reinforcement Plan for Transmission and Substation System ..., VIl - 19
7.4.1 Sub-projects for TransmMiSSION LiNe......cccoiiiiiiiiiieieeee e VIl - 19
7.4.2 Sub-projects for SUDSTAION ......cccoiiiii e Vil - 21
7.5  COSt EStMAte Of PrOJECIS....coi i VIl - 26
7.5.1 Cost Estimate of TransmiSSION LINES ......ccoiiiiiiiiiiiieeeeeeeee e VIl - 26
7.5.2 Cost Estimate of SUDSTAtION ......cccoiiiiiiiieee e VIl - 29
7.5.3 Total Construction Cost for Optimum Transmission SYSteM .........ccoevvvviiiiiiiiiinieiieeenns VIl - 31
7.6  Implementation Schedule and Cost Disbursement Schedule ............covvviiiiiiniiiiiiiicenen, VIl - 31
7.6.1 Implementation SCREAUIE .......ccooi i VIl - 31
7.6.2 Disbursement Schedule of the Project COStS......ccoiiiiiiiiiiieeeeeeeeeeeeeeee e VII - 32
7.7  Economic Analysis of the Optimum SYStEM ......ooiiiiiiiii VIl - 34
T T L P IS S ittt ettt VIl - 34
T 7 2 BN IS i VIl - 35
7.7.3 ECONOMIC COSES ...ttt a e e e e e e e e e e as VII - 36
7.7.4 ReSUIS Of EVAIUATION. ..ot VII - 36
7.7.5 Financial Analysis of the Project .......ccoooii i VIl - 37
7.8  Recommendation on Dispersed POWEr SUPPIY ....ccoiiiiiiiiiieeeeeee e VIl - 37

Chapter 8 Selection of the Highest Priority Project

8.1 Candidates for the Highest Priority ProjECt.........ccooiiiiiiiiiiii e VIl -1
8.2  Selection Criteria for the Highest Priority Project ... VIII - 2
8.3  EVAlUAION MEhOT ... ..o VIl -3
8.4  RESUIS Of EVAIUALION ..ot VIl - 4

8.4.1 Specific Information of Subproject to Each Evaluation Item............cccooeeiiiiiiiiiiiieieeenn, VIII - 4

8.4.2 Summary of Evaluation and the Selected Highest Priority Project.............cooeviiiiiiinnnn. VIII - 8
8.5  Effect of the Highest Priority ProjeCt..........cooiiiiiiiii e VIl -9

Chapter 9 Conclusion and Recommendation

0.1 CONCIUSION <. IX-1
9.1.1 Optimum TranSMISSION SYSTEIMS .. .ciii it IX-1
9.1.2 The Highest Priority PrOJECT.....cccii i IX-3

9.2 RECOMMENUALION ... IX-4
9.2.1 Updating of the Formulated Master Plan..........coooiiiiiiiii IX-4
9.2.2 New Organization for Operation and MaintENANCE .........ccoveiiiiiiiiiiee e IX-5
9.2.3 Electrification in the Off-grid Ar€as........coooiiiiiiii IX-6
9.2.4 Optimum Operation of the Comprehensive Power System of EDL ............ccooeveiiiiiennnn. IX-6
9.2.5 Establishment of the Central Load Dispatching Center..........ccooovviiiiiiiiiiieieieeeeeeeeeeeene IX-7
9.2.6 Examination on the ReSErvoir OPeration..........coouieieiiiaiieeeaeeeeeeeeee e IX-7

9.2.7 Energy from IPP PIANTS .....ccoiiiiiiiiiieeeeee e IX-8



Table 1.2-1
Table 1.4-1
Table 1.5-1
Table 1.6-1

Table 2.1-1
Table 2.1-2
Table 2.1-3
Table 2.2-1
Table 2.2-2
Table 2.2-3
Table 2.2-4
Table 2.2-5
Table 2.2-6
Table 2.2-7
Table 2.2-8
Table 2.2-9
Table 2.2-10
Table 2.2-11
Table 2.2-12
Table 2.3-1
Table 2.3-2

Table 3.1-1
Table 3.3-1
Table 3.3-2
Table 3.3-3
Table 3.3-4
Table 3.4-1
Table 3.4-2
Table 3.4-3
Table 3.4-4
Table 3.4-5
Table 3.4-6
Table 3.4-7
Table 3.4-8
Table 3.4-9
Table 3.8-1
Table 3.8-2
Table 3.8-3
Table 3.8-4
Table 3.8-5
Table 3.8-6
Table 3.11-1
Table 3.11-2
Table 3.11-3
Table 3.12-1

Tables in Part |

STUAY SEAGE - .veveenreiteeie ettt bbbt bt bbbt a bbbt h bbbt b e r et nr e 1-3
The Study Team and Counterpart StaffS...........cocviiiiiiiiii s 1-8
TOWNS VISIEEA ...ttt bbbt bbbt bbbt b ekt b e b nreeee s -9
EQUIPMENT LIST....t ittt bbbt b bbbt bt nne e 1-9
COUNTTY SUMIMBIY ...ttt ittt sttt sttt r e s b et sb e sb e e e bt e sb e e sbs e e bt e sre s sen e e r e e sressaneeree e -1
Records of Weather (1976-1999).........cuiiiiiiiiieiiieei ettt -2
POWET REGION ...ttt bbb bbbt b bbbt eb e bt bt sb et r b -3
Structure of the Economy in 1989 and 1998...........ccciiiiiiiiiiiiinie et -5
GDP Growth, Inflation and Current ACCOUNt DEFICIt...........coivviiiiiiieiiiie e -6
Economic Growth INICALONS ..........coiiiiiiiiiii bbb -6
Average Exchange Rate from 1990 t0 2001 ........cc.oiuiiieriiirieiiniesieese sttt -7
General Government Budget, 1996 - 99........cciiiiiiiiiiiieiie sttt see et ree e -7
Basic Hypothesis for the 5 Year Plan (GDP Growth & Public Investment Plan) ..........ccccccovvveviieinnnnne. -8
Public Sector Expenditure (Actual and ProjeCted)............oovrieiirieiieiiiice et II-8
Macro Economic Indicator (Actual & Planned) ............c.coiiiiiiiiniiiiiiicec e -9
BalanCe Of PAYMENES ......ccuiiiiiiitiii et b et bbb e -9
External Debt and RESOUICE FIOWS ...........cciiiiiiiiiiiiieie st II'- 10
LI Lo [ TS TP TP P T U PO PPV PP OPR VPRI II'- 10
Foreign Direct Investment and DONOF ASSISTANCE. .........c.eiiiieiiiieieiirie et II-11
Hydraulic POWET POLENTAL...........ciiiiiitiiiiii it II-19
Historical Commercial Energy CONSUMPLION .......ccuiiiiiiiiiiiiieiiniieee sttt I-21
EleCtrfICAtION RAIES .....c.uiitiiiiei ittt bbbt b e -2
EXIStING POWET PIANTS .......ueiiiiiiitiiit ittt bbb bbbt -7
Existing 115/22 kV Substations (as 0f JUIY 2002) ............cccueieiiriiieninieee e -9
Existing Distribution FACIlIEIES ..........ccuiiiiiiiiiiie e Il -10
INEEr-CONNECHION LINES ....oviiiiiiiitieit ettt bbbt bbbttt nn e e In-11

Energy and Peak Demand for the Year 1990 — 2000 (1) (5)

Summary of Energy Consumption and Peak LOad ..............ccccviiiiieiiiiiieieiesieee e I-13
Energy Consumption by Category for 1991 - 2000

Shares of Energy Consumption by Category for whole Country............ccceoeiiiieiiiiiieicnesecc s I-15
Number of CUSIOMET DY CAEUOTY ......ooviiuieiiitiiieiie ittt bbbt I -15
Statistics of Historical Generation in Laos by Power Station

Statistics of Import Energy for 1975 - 2000

Statistics of Export Energy by Power Sources 1971 - 2000

Energy Balance for Whole Country

Historical EDL'S POWET TATTS ......c.viitiiiiiiitiiiieeie ittt I -21
New Power Tariffs (Effective on May 2002) ...........oovieieiiiiiieiiniieee et I -21

Trading Tariffs for Export and Import............ v 1= 22
Other Import Tariffs..........cccecveninennn. I - 22
Historical Tariff (Theun Hinboun IPP). I -23
Historical Tariff (Houay Ho IPP)..........ccccooveee v 1= 23
National Transmission Grid Development Plan .. I-31
Planned Transmission Lines for Exports ... - 32
IPP Export to Vietnam...... Il - 36

(= L R (oI o 1YY G- Tox (o ] PRSP PRPTN 1l - 38



Table 3.13-1
Table 3.13-2
Table 3.13-3

Table 4.1-1
Table 4.1-2
Table 4.1-3
Table 4.1-4
Table 4.1-5
Table 4.1-6
Table 4.2-1
Table 4.2-2

Table 5.1-1
Table 5.1-2
Table 5.1-3
Table 5.1-4
Table 5.1-5
Table 5.3-1
Table 5.3-2
Table 5.3-3
Table 5.3-4
Table 5.3-5
Table 5.3-6
Table 5.4-1
Table 5.4-2
Table 5.4-3
Table 5.4-4
Table 5.4-5
Table 5.4-6
Table 5.4-7
Table 5.4-8
Table 5.4-9
Table 5.4-10
Table 5.4-11
Table 5.4-12
Table 5.4-13
Table 5.4-14
Table 5.4-15
Table 5.4-16
Table 5.4-17
Table 5.4-18
Table 5.4-19
Table 5.4-20
Table 5.4-21
Table 5.4-22
Table 5.4-23
Table 5.4-24
Table 5.4-25
Table 5.5-1

Brief Compiled EDL INCOME SAtEMENT ........ooiiiiiiiiieiieiie ittt I -41
EDL Operation Indicators

EDL BAIANCE SHEEL ...ttt
MOSES Ranking of EXPOrt SChEME. .........coiiiiiiiiiii e V-3
MOSES Ranking of Domestic Supply Scheme by HDSS ..........ccccooiiiiiiiiiiicc e V-4
Present Level of Off-Grid SUPPHES ........ccviiiiiiiieiiice et IV-6

List of Existing Small/Micro Hydropower Plants

Small/Micro Hydropower DevelopmeNnt PIANS ............ccoviiiiiiiiiinieee st V-7
List of Existing Diesel Generation Plants

Domestic Generation Development Projects Prepared by EDL...........ccocoecveiiiiiicniniec e V-9

IPP Generation Development Program Estimated by EDL ...........cccceiiiiiieiinieie e V-9

EDL's Electricity Demand Forecast

Summary of Power Demand FOrecast BY EDL..........cccccoiiiiiiiiiiiiie e V-2
Base Case Domestic Load Forecast by PSSS.........ccccoiiiiiiiiiiic e V-2
High Domestic Load FOrecast By PSSS.........coiiiiiiiiiic e V-3
Demand FOreCast DY HDSS ........coiiiiiiiiiiiieee ettt bbb V-3
Gross Domestic Products by Sector at Constant Price 1990.........cccccuviruierieiiininieenieesieesee e sieeniee e V-4
Shares 0f GDP DY SECIOT .......cviiiiiiiiiitice bbb V-5
Summary of Population CENSUS 1995 ........cciiiiiiiiiiiieiie ettt bbb V-5
District-wise Population and Households

Population Projection (WhOIE COUNTTY) ......ccuiiiiiiiiiiieieii sttt V-6
POPUIALION GrOWEN RAIE.........citiitiiiieii ittt b e bt nne e V-6

Population Forecast by District

Number of Households by District (Total)
Number of Households by District (Urban Area)
Number of Households by District (Rural Area)

Estimated Electrification Ratio by District

Electrification Ratio for WHole COUNTTY...........cuiiiiiiiiiciic et V-8
Annual Energy ConsumPpPtion (PSSS).......ccuiiiiiiiiiiiiei ittt V-8
Average Energy Consumption per HOUSENOI .............ccccviiiiiiiiiiiieiie e V-9
Average Energy Consumption per Household (Actual in 1999).........cccuvvivininiiicnininiene e V-9
Average Energy Consumption per Household (Applied to Demand Forecast) ..........ccccvevvvevvnieernenennnn V-9
Relation of Growth Rates in GDP and Energy CONSUMPLIONS............coviiiiieriinieienienieeee e V-12
Relation FACIOr (EIASHCITY) ... c.viiveeieeiiitiiiieittsiee ettt bbbttt

Estimated Growth RAtES Of GDP...........cciiuiiiiiiie ettt sttt s b e e st e e e sabe e e sbeeeseraeeeaaes

Estimated Growth Rates of Energy Consumptions

Principal Non-Residential POWEr DEMAaNG...........c.oiiiiiiiiiiieiinieee et
Detail of Engine Driven Pumps installed under NIPMP ...........c.ccooiiiiiiiiiiiiiee e V-14
Electricity Demand for PartiCular PTOJECES ...........coiiiiiiiiiiiiiesi st V-15

Summary of Power Demand Forecast for Whole Country
Summary of Electricity Demand Forecast (Whole COUNIY) ........ccceecviiiiieiininiee e V-16
Energy Demand Forecast of All Districts

Peak Demand Forecast of All Districts

Estimated Growth of GDP for High and LOW SCENANIOS ..........cccuriiiiiiiiiieiinieeee e V-17
Estimated Growth Rates of Energy CONSUMPLIONS .........cooiiiiiiiiiieiiiieee st V-17
Electricity Demand Forecast (High SCENA0) ...........ccccviiiiiiiiiiiicicc e V-18
Electricity Demand Forecast (LOW SCENANIO)..........cuuiveriiriirieriisieeiee sttt sre e V-18

Energy Demand by Substation (Including Transmission & Distribution Losses)



Table 5.5-2
Table 5.5-3
Table 5.5-4
Table 5.5-5
Table 5.6-1

Table 6.4-1
Table 6.4-2
Table 6.4-3
Table 6.5-1
Table 6.5-2
Table 6.5-3
Table 6.5-4
Table 6.6-1
Table 6.7-1
Table 6.7-2
Table 6.7-3 (1)
Table 6.7-3 (2)
Table 6.7-3 (3)
Table 6.7-3 (4)
Table 6.7-4 (1)
Table 6.7-4 (2)
Table 6.7-4 (3)
Table 6.7-4 (4)
Table 6.7-5
Table 6.7-6
Table 6.7-7
Table 6.8-1
Table 6.8-2
Table 6.8-3
Table 6.8-4
Table 6.8-5
Table 6.8-6
Table 6.8-7
Table 6.8-8
Table 6.8-9
Table 6.8-10
Table 6.8-11

Table 6.8-12
Table 6.8-13
Table 6.8-14
Table 6.8-15
Table 6.8-16
Table 6.8-17

Table 6.8-18
Table 6.8-19

Peak Loads by Substation (Including Transmission & Distribution Losses)

Peak Loads by Substation (Excluding Transmission Losses)

Peak Load of Each TransmisSion NETWOTK..........c.coiiiiiiiiiiieiiniisee et V-20
Energy Demand of Each Transmission NEtWOTK ...........cccuiiiiiiiniiiiiiniee e V-20
Electricity Supply Capacity of EDL's Power Stations for 2000 - 2020

Characteristics of Existing Transmission Lines (as of the year 2001)

Characteristics of Existing HV Substations (as of the year 2001)

EDL'S EXPANSION PIAN ...ttt bbbttt VI-10
Prospective Substations in the Northern REgioN ... VI-13
Prospective Substations in the Central 1 REGION............cccviiiiiiiiiiieiiie e VI-13
Prospective Substations in the Central 2 REGION............c.cuviiiiiiiiiie e VI-14
Prospective Substations in the SOUthern REGION ... VI-14

Existing and Planned 115 kV Transmission Lines

MaxXimum FaUIt CUITENT LEVEL..........ccivieeiiie ettt eete ettt ettt e e st e e st e e s sabe e e sabeeeseraeeeaaes VI -28
Normal Fault Clearing Time by Main Protective Relay .............ccovieiiiiiiiiiiiiice e VI-29
GeNErator MOOEI GENSAL ........oiiiiie ettt ettt s ettt e et e et e e st e e s sab e e e st e e e st aeeseabeeesabeeesbaeesasaeeeas VI-30

Exciter Model; SCRX.......... ... VI-30
Governor Model; IEEEGS... VI-30
PSS Model; IEEEST .......... .o VI-30
Generator Model; GENROU.. VI-31
Exciter Model; SCRX....... VI-31
Governor Model; IEEEGL... VI-31
PSS Model; IEEEST .....ccccovevvvieeninnns e VI-31
Rated Capacity of TranSmiSSION LINE ........c.oiiiiiiiiiiiii ittt VI-31
LINE CONSLANES ...ttt ettt bbbt bbbt b e eb et b bt sb bt nr e nne e VI - 32
Characteristics Of TTANSTOMMEIS ..ottt e VI - 32
ONQOING TranSMISSION LINES .....cueiuiiiiiiiiieii ittt ettt bbbttt nr b nre e en VI-33
Transmission Lines to be installed by 2005.............ccoiiiiiiiiie e VI-33
Transmission Lines to be installed by 2010...........cociiieiiiiiiii e VI-34
Transmission Lines to be installed by 2015...........cociiiiiiiiii e VI-35
Transmission Lines to be installed by 2020.............coiiiiiiiiii e VI-35
Conditions Of EXAMINATIONS .......coueiiiiiiiiiieii ittt abe e nre e e VI - 36
Relationship between “Conductor Size with Lowest Annual Cost” and “Power Flow” ..............c.c.cooueee. VI - 36
The Route Adopted the Different Conductor from the Most Economical Size ...........ccccccovniiicnineenn. VI -39
Annual Costs of 115 kV and 230 KV TransmisSSioN LINES ...........cocuiveririiieniniciese e VI-40
Construction Costs of 115 kV and 230 KV SUDSLAtIONS ..........c.coiiiieiiiiiieiceec e VI - 40
Results of Power Flow and Voltage Analysis at any Single Contingencies in 2005

(Base Plan, Generation: Rated Capacity)

Results of Power Flow and Voltage Analysis at any Single Contingencies in 2010

(Base Plan, Generation: Rated Capacity)

Results of Power Flow and Voltage Analysis at any Single Contingencies in 2015

(Base Plan, Generation: Rated Capacity)

Results of Power Flow and Voltage Analysis at any Single Contingencies in 2020

(Base Plan, Generation: Rated Capacity)

Maximum 3 phase Short Circuit Currents and LOCALIONS ..........ccceeveiiniiieiiiieie s VI -42
Maximum One Phase to Ground Fault Currents and LOCALIONS ...........ccceeverireeienenieee e VI-42
Results of Stability Analysis (Base Plan in 2005, Generation: Rated Capacity) ..........ccccccovvrveverenenn. VI -43
Results of Stability Analysis (Base Plan in 2010, Generation: Rated Capacity) ..........cccccoovvreeverenenn. VI - 44

Results of Stability Analysis (Base Plan in 2015, Generation: Rated Capacity) ..........ccccccovvveevereneenn. VI - 44



Table 6.8-20
Table 6.9-1
Table 6.9-2

Table 6.9-3

Table 6.9-4

Table 6.9-5

Table 6.9-6

Table 6.9-7

Table 6.10-1
Table 6.10-2

Table 6.10-3

Table 6.10-4

Table 6.10-5

Table 6.10-6

Table 6.10-7

Table 7.1-1
Table 7.1-2
Table 7.1-3
Table 7.1-4
Table 7.1-5
Table 7.1-6
Table 7.1-7
Table 7.1-8
Table 7.2-1
Table 7.2-2
Table 7.2-3
Table 7.2-4
Table 7.2-5
Table 7.2-6
Table 7.2-7
Table 7.2-8
Table 7.2-9
Table 7.2-10
Table 7.2-11
Table 7.2-12
Table 7.2-13
Table 7.2-14

Results of Stability Analysis (Base Plan in 2020, Generation: Rated Capacity) ..........ccccccovvreeverenenn. VI - 45

Situations of Import and Export

Import and Export under Recommendable System Operation
(Base Plan in 2005, Generation: Rated Capacity)

Results of Power Flow and Voltage Analysis at any Single Contingencies in 2005

(Base Plan, Opened System Operation, Generation: Rated Capacity)

Results of Stability ANalysis iN 2005 ..........coiiiiiiiiiiie e VI - 48
(Base Plan, Opened System Operation, Generation: Rated Capacity)

Import and Export under Recommendable System Operation in 2020...........c.ccocovevivinineinniceenn, VI-49
(Base Plan, Generation: Firm Capacity)

Results of Power Flow and Voltage Analysis at any Single Contingencies in 2020

(Base Plan, Opened System Operation, Generation: Rated Capacity)

Results of Stability ANalySiS iN 2020 ..........coiiiiieiiiiiee e VI-50

(Base Plan, Opened System Operation, Generation: Firm Capacity)

Alternation of Generation Development Program
Results of Power Flow and Voltage Analysis at any Single Contingencies in 2010

(Alternation of Generation Development Program, Generation: Rated Capacity)

Results of Power Flow and Voltage Analysis at any Single Contingencies in 2015

(Alternation of Generation Development Program, Generation: Rated Capacity)

Results of Power Flow and Voltage Analysis at any Single Contingencies in 2020

(Alternation of Generation Development Program, Generation: Rated Capacity)

Results of Stability ANGIYSIS .........coviiiiiiiieii e VI -52
(Alternation of Generation Development Program in 2010)

Results of Stability ANGIYSIS .........coiiiiiiiiieii e VI -53
(Alternation of Generation Development Program in 2015)

Results of Stability ANGIYSIS .........coviitiiiiiei e VI -53

(Alternation of Generation Development Program in 2020)

Maximum Temperature in

Minimum Temperature in

Mean Temperature in

Maximum Wind Velocity (Gust)

Annual Precipitation in MM

Thunderstorm Days

INSUIALION CO-OMTINALION ...ttt bbb bbbt sb bt nr e
Standards APplied t0 the DESIGN.......c..iiiiiiiiiieie e
ConNAUCEOrS AN GIOUNG-WITE .......ccuvetitieiteitiiteeie ettt ettt sb ettt sb et sb et e nbesbe e nrenieen
Safety factors of Conductors and GroUNG WITES .............coiiiiiiiinieie it
Maximum Working Tension and Every Day Stress (EDS)
INSUIBIOT SIZE.....c.viitiiee et b bbbt b e bt bt bttt sn b
Safety FACLOrs Of INSUIALOT SO .........coiiiiiiiiiicie e
Minimum Conductor’s Height above Ground.............cccccoiiiiiiiiiniiicii s
INSUIBLION GAPS ...ttt ettt bbb bbbt b bt bbbt b r e nne e
Swinging Angle of Conductor and applied CIEAranCe.............cccoirieiiiiiieie e
Values Of ClIEAranCe DIAGIAM ..........cuiiiiieie ittt nb e b bt sne b

Typical TOWET CONFIGUIALIONS ........veeueiiiitieiteitiste ettt bbb bbbttt nre s

Loading Conditions and Safety FACIOrS ..........cccveiiiiiiiiiiiciee et
Tower Weights and Foundation Loads transferred from TOWEIS..........ccovvvviiiiieiieninsiee e sie e VIl - 11
Concrete Volumes of Pad and Chimney Type FOUNALiIONS ...........ccccoiiiieiiiiniee e VIl -12

Tower Type and Tower Number per 10 KM LONG.........cucviiiiiaiiiiicie st VIl - 12



Table 7.2-15
Table 7.3 -1
Table 7.3-2
Table 7.3-3
Table 7.3-4
Table 7.3-5
Table 7.4-1
Table 7.4-2
Table 7.4-3
Table 7.4-4
Table 7.4-5
Table 7.5-1
Table 7.5-2
Table 7.5-3
Table 7.5-4
Table 7.5-5
Table 7.5-6
Table 7.5-7
Table 7.5-8
Table 7.6-1
Table 7.6-2
Table 7.6-3
Table 7.6-4
Table 7.6-5
Table 7.7-1
Table 7.7-2
Table 7.7-3
Table 7.8-1

Table 8.4-1
Table 8.4-2
Table 8.4-3
Table 8.4-4
Table 8.4-5
Table 8.4-6
Table 8.4-7
Table 8.4-8
Table 8.4-9
Table 8.4-10

Average Quantities of 115 kV Transmission Lines per 10 KM LONG........cccceriririeninenienineee e VIl -12
Standard ClearanCe Of BUSDAIS...........coiiiiiiiiiiie ittt

Transformer Arrangement for a new 115 kV Substation
Standard Ratings Of CirCUIT BIEAKETS ........ciuviiiieiieiiiiiee sttt stae et steessbeabeesseesnseenree e
Standard Constitution of EQUIPIMENT ..........oiiiiiiiiiii e

Unit Capacity Of StatiC CAPACITOT ..........iiiitiitiiieie bbb

Transmission Line Sub-projects up to the year 2005............ccciiiiiiiiiinie e
Transmission Line Sub-projects from the year 2006 t0 2010 ........cccvereereriirnieeniesieeriee e e snieeseee e VIl - 20
Transmission Line Sub-projects from the year 2011 t0 2015.........ccceiierieiiriiienie e e see e VIl - 21
Transmission Line Sub-projects from the year 2016 t0 2020 .........ccceoeeveeiiriiiiesiesie e e seesieeseee e VIl - 21
Transformer Additional and Replacement Program

Standard Unit Prices for 115 kV Transmission LiNES Per KM..........cccooiiieiiiinieiiiineeeseseee e VIl - 27
Estimation for 115 kV T/L Construction Cost

Share of FC and LC for @ach WOTK ITEIM ........c.ooiiiiiiiieiiiec e

Construction Costs for Transmission Line Projects
Commissioning Year and Construction Costs for each Transmission Line project

Standard Unit Prices for Substation Projects

Construction Costs for the SUBStation PrOJECES...........ccoiiiiiiiiiii e VIl - 30
Total Construction Costs for the Optimum Transmission SYSteM .........cccceviririeniniiici e VIl - 31
Disbursement Schedule Of ProjeCt COSES..........cuciiiiiiiiiiiiice et VIl - 33
Disbursement Schedule of TL PrOJECES ........oiiiieiiiiiieie it VIl - 33

Disbursement Schedule of Transmission Line Projects
Construction and Disbursement Schedule of Substation Projects

Investment Schedule for the Master PIan ... VIl - 34
EIRR Calculation for TL/SS Development Project

Disbursement of the Project Costs excluding UXO Cost by 2010

Results of Economic Analysis and its Sensitivity ANAlYSIS..........cccooveiiiiiieiii e

Alternative Power Supply Sources for Rural Electrification

Cost fOr ClearanCe Of UXO ......c.uiiiiiie ittt s ettt e st e e st e e s st e e e st e e e sbae e s ebbe e e sabeeesbaeesasaeeeas VIl - 4

Conditions for Calculation of Saving Energy Import

Saving Of IMPOIEA ENEIGY .....c.viitiiiiiiiiiiiiei ittt bbbt b bbb nre e en VIIl - 6
NUMDBET Of BENETICIAMNES .......eivtiieiiiiete it VIl -7
SUMMAY Of INVESIMENT......cveiiiitiiit ettt b bt sr e sbe e nreaieen VI -7
Additional Energy Sales per INVESIMENT .........oiiiiiiiiieii e VIl -7
Beneficiaries Per INVESIMENT ..........ooiiiiiii bbb VIl - 8
SCOMNG Of SUDPIOJECLS ...ttt bbbttt b bbbt nbesbe e nre i en VIl - 8
Result of Priority Evaluation DY AHP ..........cciiiiiiiii e VIIl -9

Evaluation Process by AHP Method



Figure 1.2-1
Figure 1.5-1

Figure 2.1-1
Figure 2.1-2

Figure 3.1-1
Figure 3.2-1
Figure 3.2-2
Figure 3.3-1
Figure 3.4-1
Figure 3.4-2
Figure 3.4-3
Figure 3.4-4
Figure 3.9-1
Figure 3.11-1

Figure 5.3-1
Figure 5.4-1
Figure 5.4-2
Figure 5.4-3
Figure 5.4-4
Figure 5.4-5
Figure 5.4-6
Figure 5.4-7
Figure 5.6-1
Figure 5.6-2
Figure 5.6-3

Figure 6.1-1
Figure 6.2-1
Figure 6.2-2
Figure 6.4-1
Figure 6.6-1
Figure 6.6-2
Figure 6.6-3
Figure 6.6-4
Figure 6.6-5
Figure 6.7-1
Figure 6.7-2
Figure 6.8-1

Figures in Part |

FIOW OF the STUAY ...t bbb bbb 1-3
Work Schedule

AdMINISITALIVE SIUCTUIE. ......eeiueiiiitiee e b bbbt r e e -3
POWET REGION ...ttt bbb bbb bbb bbbt bt et b bt sb et n e e -4
POWET SECLOr OFQANIZAIION .......cviiiieeiiitieie ettt bbb bbbt b bbbt nn e e -3
Organization Of MIH..........ooiiiiiiii bbbt b bbb e nreneeen -3
Organization Of EDL ........coiiiiiiiiiiieiti ettt bbbt bbbt et b b nee e -5
Nam Ngum 115 kV Transmission System (as 0f 2002)...........cccuvieveiiniiieiinieee e -8
Past Trend of ENergy CONSUMPLION.........uiitiiiiiiiiiiei ettt nre e I -12
Past Trend of PEak DEMANM .........coiviiiiiiiiiiie bbb - 14

Daily Load Curve at Substations

Energy Balance iN 2000.........c..ouiiieiiiiiieiiieee ettt - 16
Organization of the TraiNiNG CENTET ..........c.ciiiiiiiiiii et Il - 26
ASEAN 500 KV INtErconNECtion PIAN ..........c.coiiiiiiiiiiieii ittt Il - 34

Administrative Map of Lao PDR

Relation between Growth Rates of GDP and Energy CONSUMPLION .........ccceoviiieierineeiienieneeee e V-10
Relation between Growth Rates of GDP and Energy Consumption (Industry Sector)...........cccccoovvuee. V-11
Relation between Growth Rates of GDP and Energy Consumption (Service Sector)............cccccovnueee. V-11
Historical Trend Of SYSIEM LOSS......ccuiiiiiiiiiiiieii ittt bbb bbb nne e V-15
Peak Power Demand by District in 2020

Energy Demand FOrecast in 3 SCENAMOS .........cueiiiiiieriiiieieie sttt V-18
Peak Load FOreCast iN 3 SCENAIOS .......ccueitiiiiieiiiieie ettt bbbt V-18
Demand - Supply Balance of Central 1 & 2 plus Northern Region ..........cccccevvevieiiieneesinsiee e V-21
Demand - Supply Balance of SOUthern REGION ...........c.coiiiiiiiiiiiieii e V-21
Demand - Supply Balance of EDL'S National Grid..............ccccueiiriiieiiniiee e V-22
FIOW OF SYSEM PIANMNING ...ttt bbbt VIi-1

National Biodiversity Conservation Areas
UXO Impact and Bombing Data (1965-75)

Existing Transmission System (as of the year 2001)

Transmission lines from Nam Beng PS..........cccooiiiiiiiiiiiic e s VI-15
Transmission Line between Nam Leuk PS and Phonsavan SS ............ccoceviiiiieninenicnencseeesee VI - 16
Transmission SYStEM iN VIENTANE. ........ccueiiiiiiiii it VI-18
Transmission System in Central 2 and Southern RegioNns ...........ccccoiiiiieiiniiieieec e VI-19
SOULNEIM SYSIEIM ...t bbbttt b bbbt sbe e nreneeen

FIOW Of SYSEEM ANGIYSIS ...ttt bbbt eb e sb et nne e

Relation among Elements for System Analysis

The Optimum Transmission System for Domestic Supply in 2020

Figure 6.8-2 (1) Power System Diagram in Lao PDR in 2005
Figure 6.8-2 (2) Power System Diagram in Lao PDR in 2010
Figure 6.8-2 (3) Power System Diagram in Lao PDR in 2015
Figure 6.8-2 (4) Power System Diagram in Lao PDR in 2020

Figure 6.8-3 Relationship between Power Flow and Annual CoSt...........ccoveiivieiiiinicciesee s

Figure 6.8-4 Power Flow & Voltage in 2005 (Base Plan, Generation: Rated Capacity)



Figure 6.8-5
Figure 6.8-6
Figure 6.8-7
Figure 6.8-8
Figure 6.8-9
Figure 6.8-10
Figure 6.8-11
Figure 6.8-12
Figure 6.8-13
Figure 6.8-14
Figure 6.8-15
Figure 6.9-1
Figure 6.9-2
Figure 6.10-1
Figure 6.10-2
Figure 6.10-3

Figure 7.1-1
Figure 7.2-1
Figure 7.2-2
Figure 7.2-3
Figure 7.2-4
Figure 7.2-5
Figure 7.2-6
Figure 7.3-1
Figure 7.3-2
Figure 7.3-3
Figure 7.4-1
Figure 7.4-2
Figure 7.4-3
Figure 7.4-4
Figure 7.6-1
Figure 7.6-2
Figure 7.8-1

Power Flow & Voltage in 2010 (Base Plan, Generation: Rated Capacity)

Power Flow & Voltage in 2015 (Base Plan, Generation: Rated Capacity)

Power Flow & Voltage in 2020 (Base Plan, Generation: Rated Capacity)

Short Circuit Current in 2005 (Base Plan, Generation: Rated Capacity)

Short Circuit Current in 2010 (Base Plan, Generation: Rated Capacity)

Short Circuit Current in 2015 (Base Plan, Generation: Rated Capacity)

Short Circuit Current in 2020 (Base Plan, Generation: Rated Capacity)

One Phase to Ground Fault Current in 2005 (Base Plan, Generation: Rated Capacity)

One Phase to Ground Fault Current in 2010 (Base Plan, Generation: Rated Capacity)

One Phase to Ground Fault Current in 2015 (Base Plan, Generation: Rated Capacity)

One Phase to Ground Fault Current in 2020 (Base Plan, Generation: Rated Capacity)

Power Flow & Voltage in 2005 (Base Plan, Opened System Operation, Generation: Rated Capacity)
Power Flow & Voltage in 2020 (Base Plan, Opened System Operation, Generation: Firm Capacity)
Power Flow & Voltage in 2010 (Alternation of Generation Development Program)

Power Flow & Voltage in 2015 (Alternation of Generation Development Program)

Power Flow & Voltage in 2020 (Alternation of Generation Development Program)

Meteorological Situations

Flow of Preliminary Design of 115 KV TransmisSSion LiNE..........cccveveriiiiieiiiieee e
Conductor Clearance Diagram of 115 kV Transmission Line

115kV, lcct: ACSR 240 sg.mm, 410 sq.mm Suspension Tower

115kV, lcct: ACSR 240 sg.mm, 410 sq.mm Tension Tower

115kV, 2cct: ACSR 240 sg.mm, 410 sq.mm Suspension Tower

115kV, 2cct: ACSR 240 sq.mm, 410 sg.mm Tension Tower

Typical Single Diagram of New Substation applying Double Busbar System

Typical Single Diagram of New Substation applying Single Busbar System

GrouNd FAUIE CUITENT ......oouiiiiiiiitiei ettt r bbbt b bt sbesbe e nreneeen
Single Line Diagram of Substation/Switching Station in Northern Region

Single Line Diagram of Substation/Switching Station in Central 1 Region

Single Line Diagram of Substation/Switching Station in Central 2 Region

Single Line Diagram of Substation/Switching Station in Southern Region

Common Implementation Schedule for Transmission LiN€ ProJeCts...........cccovvvveiiiiiniciiniseecnesiens
Common Implementation Schedule for SUbStation Projects..........cccviiiieiiiiieiiecseseee e
Extension Plan of EDL's 115 kV and 22 kV Grid

VIl -5
VIl - 16
VII - 32
VII - 32



Part - Il Facility Design for the Highest Priority Project

Chapter 1 Overview of the Facility Design

1.1 SeleCtion Of FACIHTIES ... 1-1
1.2 DESIGN PONCY ... s 1-2
1.2.1  DESIGN PriNCIPI L. utttttitiiiiittitttttbtee bttt ettt e bt n s e r e e e e rnnees 1-2
1.2.2 LOCAtiONS Of SUDSTALIONS ... ..uuuiiiiiiiiiiiiiiiiiiiiieiibebbbebbeebbeeb bbb eeeee e e eeeeeeeeeeeennnees 1-2
1.2.3 Selection of TransmisSioN LiNE ROULES ...........uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiieeeneerenernneeeenenneeeeene 1-2
1.2.4 CliMAtiC CONUITIONS .. .tutttttiiittiitiitiiteeteeeeeeeeeeeeebee bbb e bbb bbb see e e seeeseeesseennennenes 1-3
N SR = 01V (o] 111 o | TP PP P PP PP PP P PP PPPPPPPPPPPPPPPR 1-4
1.2.6 Stability Of SYStemM OPEIaALION .........uuuuuiiiiiiiiiiiiitiiiiteeeieeeeereeeeeeeeeeeeeeeeeeeeeeeeeerereerereerreeee 1-4
1.2.7 Results Of Preliminary DESIGN . .......uu e uuuuiiiiiiitiiiiiiiiieeiieieeeeeerseeeeeeeeseeeeeseeneeeeeeeeereeeereene 1-5
1.3  Basic Plan of the Project Implementation ..........cccoooo s 1-5
1.3.1 Rationale of the Project IMplementation ..................uuueuuieuiiiiieiiiriieiieieereeeerereeeeee. 1-5
1.3.2 Procedures for IMplemMENtatiON ..............uueuuuueeiiiiiiiiiiieiiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereereene 1-5

Chapter 2 Transmission Lines

2.1 TransmissSion LiNE ROULE ..o -1
2.1.1 Outling Of LINE ROULE......cii i -1
2.1.2 Land Preparation and ENVIFONMENT........ccooiiiiiiiiiie e -3

2.2 Design of TranSmiSSION LINES ....ccoiiiiiiiiiiiiiie s -4
2.2.1 Determination of Design CoNAItIONS.......ccoiiiiiiiiiieee e I1-5
2.2.2 Conductor and Ground-Wir€ DeSIGN ......ccceeiiiiiieeaeaa e I1-6
2.2.3  INSUIALOT DESIGN ..t -7
2.2.4 GrouNd ClEAIAINCE ... .coi i -9
2.2.5 Determination of Tower CoNfiQUIatoN ........ccooiiiiiiiiieeie e I1-9
2.2.6  TOWET DSION ..t I-11
2.2.7 FOUNAION DESIGN ...t I1-13
2.2.8 Crossing Point with 230 kV Theun Hinboun Line..........coooiiiiiiiie I1-14
2.2.9 Quantities of LINe MaterialS .......ccoiiiiiiieieeeeeee e I1-15

Chapter 3 Substations

.1 DESIGN COMCEPL it -1
3.2 SUBSIALION S it -2
3.2.1 PakXan SUDSLAtION .....ccoiiiiiiiiieieee e -2
3.2.2  Thakhek SUDSIAtION......ciiiiiiiiieeeee s -3
3.2.3  PakbOo SUDSTAtION ... -4
3.3 Design for Pakxan SUDSTAtION ........cooiiiiiiii -5
3.3l GBNEIAL i -5
3.3.2 Design and SCOPE Of WOTKS ....ieiiiiiieieeeee e -5
3.4 Design for Thakhek SUDSTatioN ..........cooiiiiiiiii -7
BiA.L GBNEIAL i -7
3.4.2 Design and SCOPE Of WOTKS ....cceiiiiiieieeeeeee e -7
3.5  Design for Pakbo SUDSLAtION.........cooiiiiiii -8
B 5. L GBNEIAL . -8
3.5.2 Design and SCOPE Of WOTKS ....ciiiiiiiieeieeee e -9

3.6 Y =TT IR = (o1 PR - 11



3.6.1 General Electrical REQUIFEMENTS......cciii i - 11

3.6.2 Specification and Quantity of the Main Facilities ..., 1 -11
3.6.3 Protection RelaY SYSEM ... - 13
3.6.4  Spare Parts and TOOIS.......ccoiiiiiiiiiieieee e - 14

Chapter 4 Implementation Plan

4.1 Implementation POLICY ..........couviiiiiiii V-1
4.1.1 OVErall PONCY ...cciiiiiiiiiiiiee V-1
4.1.2 Procurement of FACIlItIES ........covviiiiiiiiii V-3

4.2 Particular CONAILIONS ........couviiiiiiiiiiii V-4

4.3 SCOPE OF WOIKS ..ot IV-5

4.4 Plan of SUPEIVISION........ccuiiiiiiiiii V-6

4.5  Quality CONrol Plan ........ccouviiiiiiiiii V-8

4.6  Implementation SChEdUIE...............ccoviiiiiiiiii V-9

Chapter 5 Project Operation Plan

5.1 OrQANIZALION .. V-1
5.1.1 PreSent OrganiZation ... ....ooeeioeeeeee e V-1
5.1.2 Reinforcement of Operation and Maintenance of 115 kV Systems.............coeeveeiiieeennn. V-3

5.2 O & MManuals and EAUCALION.........cooiiiiiiiiiiie e V-7

Chapter 6 Estimate of the Project Costs

6.1 [ T o = Tg o I ) PSSP Vi-1
6.1.1 Compensation Costs for Lands and Right of Way (ROW) ... Vi-1
6.1.2 Costs for UXO Survey and ClearanCe........coouiiiiiiiieeeeeeeeeeeeee e Vi-1

6.2  Construction Cost of TransmisSSION LINES ......ccoiiiiiiiiii e VI-2

6.3  Construction Cost of Substation FaCilitieS ..o VI-4

6.4 TOtAl ProjECE COSES ...ttt VI-5

6.5  Disbursement Schedule of the COStS.........cooiiii i VI-6

Chapter 7 Project Evaluation

7.1 V= [N = LT o I O 1 (=T 4 - PSPPI Vil -1
7.1.1 Criteria for ECONOMIC EVAlIUALION ........uiiiiiiiiiiiii e e e Vil -1
7.1.2 Criteria for Financial EValuation..............oouiviiiiiiiiciie e e e e VIl -3

7.2 Results of Evaluation and Sensitivity ANAlYSIS........ccooiiiiiiiiii Vil - 4
7.2.1 Economic Internal Rate Of REIUM ........iii i e e e e e Vil - 4
7.2.2 Financial Internal Rate Of REIUIN ........iiiiiiiiee e e e e aeaeeees Vil - 4

Chapter 8 Conclusion and Recommendation
S 701 R O o Tox 11 ] T o SRR VI -1
8.2 LR d=Toto] 141 00 =T o To F- o] o L PSSP VI - 4



Table 2.2-1
Table 2.2-2
Table 2.2-3
Table 2.2-4
Table 2.2-5
Table 2.2-6
Table 2.2-7
Table 2.2-8
Table 2.2-9
Table 2.2-10
Table 2.2-11
Table 2.2-12
Table 2.2-13
Table 2.2-14
Table 2.2-15
Table 2.2-16
Table 2.2-17
Table 2.2-18
Table 2.2-19
Table 2.2-20
Table 2.2-21
Table 2.2-22

Table 3.6-1

Table 4.3-1

Table 5.1-1

Table 6.2-1
Table 6.2-2
Table 6.2-3
Table 6.2-4
Table 6.3-1
Table 6.3-2
Table 6.4-1
Table 6.5-1

Table 7.1-1
Table 7.1-2
Table 7.2-1
Table 7.2-2
Table 7.2-3
Table 7.2-4

Table 8.1-1
Table 8.1-2
Table 8.1-3

Tables in Part Il

Design Conditions of Conductor and GrOUNG-WIFE .............cceueiiriireninieere ettt -6
CoNAUCEOr NG GIOUNT-WITE .......ueiuietiitieiieite sttt sttt sb ettt nb e sb e nb bbb e nbeabe e nneaieen -6
Maximum Working Tension and EVEry DAy SIrESS ........c.couiiveiiriiieiiniieee sttt -7
INSUIBIOT SIZE......viteieeet et b bbb bbbt b bt sb et nnenne e -7
INSUIALOr ASSEMDIIES ...ttt bbb bbbt sb et n e nne e -8
IMPOIANTt CrOSSING SECHOMN ...ttt b bbbt b bbbt nrenne e -8
Size Of INSUIALOT ASSEMDIY ..ottt bbbt aie e -9
Minimum Height of Conductor aboVe GrOUNG............ccueriiiiiieiiniiee et -9
INSUIBEOT GAPS ... vttt bbb bbb bbb bbbt b bbb r e nne e II-10
Swinging Angle of Conductor and applied CIEAranCe.............cccovirieiiiiiieie e II-10
Values Of CIEAranCe DIAGIAM .........cccviiiiieieiiie ettt bbb bt b II-10
TOWET CONfIGUIALIONS ...ttt bbbt b bbbttt b kbbbt b bbbt nre s II-11
DESIGN SPAN LENGEN ...ttt bbb II-12
Loading Conditions and Safety FACOIS ..........ccccueiiiiiieiiiieiee et II-12
Tower Weights and Foundation Loads transferred from TOWETS............cocveiiiinieninenicneneseee e II-12
Loading Conditions and Safety FACIOIS ..........cccveiiiiiiiiiii et II-13
Results 0f FOUNAAtION DESIGN .....cc.vitiiriiiiiiiitiei ettt bbbt II-14
Number of Towers and the Total Weight Of TOWETS...........ccciiiiiiiiiiiiiiice e II-15
Quantities of ConAUCTOr aNd GIOUNT-WITE ............civiriiiieriiiiieie ittt II-15
Quantities of Insulators and Insulator ASSEMDBIIES ..........c.civiiiiiiiiii e II-16
Quantities of Fittings of Conductor and GroUNT-WIIE ............cc.ciiiieiiiinieie et I-17
Quantities of TOWET FOUNGALIONS .........coiiieiiiitieieii ittt bbb I-17
Quantity of the Main FaCIlITIES ...........coiiiiiiiiii e I-13
SCOPE OF WOTKS ...ttt bbb bbbt bbbtk b bt et n bt bt e b b aneen IV-6
115 kV Substation and Switching Station in Nam Ngum 1/Nam Leuk System .........c.cccccevvveviveiineneenne V-2
Share of FC and LC for ach WOrK EIM .........cciiiiiiiieiiicc e VI-3
Construction Costs Of TranSMISSION LINES .........c.coiiiiiiiiiiiii e VI-3

Total Construction Cost of Transmission Lines for the Project
Cost of Foundation Work for the Project
Construction Cost of SUDSTAtION FACIIItIES .......veeiiiiiiiieeiie e VI-5

Construction Cost of Substation Facilities

TOLAl PrOJECE COSES ..ttt ettt b bbbkt b ekt b kbbbt e bbbt nneeee s VI-6
Disbursement SChHEAUIE ..ot e VI-7
Construction Costs (Project and MV/LV NEIWOTKS)........c.covieiiiiiiiiiiiiieie e VIl -2
Energy Required By SUDSEAIONS ..........coviiiiiiiieii it VIl -2
EIRR of the Project

Results of Computation fOr EIRR .........coiiiiiiiiei et VIl - 4
FIRR of the Project

Results of Computation fOr FIRR .........coiiiiiiiieii et VIl - 4
ESHMALEA PrOJECE COSE.....ueiuiitiitiiii ettt bbbt sb bt r e nne e VIl - 3
Estimated Disbursement Schedule of Project COSt............cucoviiiiiiiiiiiicc e VI -3

Project Implementation SChEUIE ............c.ooiiiiiiii e VIl - 3



Figure 2.1-1
Figure 2.1-2
Figure 2.1-3
Figure 2.1-4
Figure 2.1-5
Figure 2.2-1
Figure 2.2-2
Figure 2.2-3
Figure 2.2-4
Figure 2.2-5
Figure 2.2-6
Figure 2.2-7
Figure 2.2-8
Figure 2.2-9
Figure 2.2-10

Figures in Part Il

Selected Transmission Line Route from Pakxan SS to Pakbo SS
Selected Transmission Line Route from Pakxan SS to Thakhek SS
Proposed Route of Nam Kading River Crossing (Scale 1:50,000)
Selected Transmission Line Route from Thakhek SS to Pakbo SS
Geological Features Map

Flow of DeSIgN fOr the PIOJECT ........eeitiiiiiiiiitiitiee bbb -5
String Insulator Unit with Ball and Socket coupling

Suspension Set

Tension Set

Suspension Tower: Al Type

Suspension Tower: A2 Type

Tension Tower: B1 Type

Tension Tower: C1 Type

Tension Tower: D1, DE Type

Tension Tower: D2 Type

Figure 2.2-11(1)Geological Features Map
Figure 2.2-11(2)Boring Data

Figure 2.2-12
Figure 2.2-13
Figure 2.2-14
Figure 2.2-15

Figure 3.2-1
Figure 3.2-2
Figure 3.2-3
Figure 3.3-1
Figure 3.3-2
Figure 3.3-3
Figure 3.3-4(1)
Figure 3.3-4(2)
Figure 3.3-5
Figure 3.4-1
Figure 3.4-2(1)
Figure 3.4-2(2)
Figure 3.5-1
Figure 3.5-2
Figure 3.5-3
Figure 3.5-4(1)
Figure 3.5-4(2)
Figure 3.5-5

Figure 4.1-1
Figure 4.6-1

Figure 5.1-1

Figure 6.1-1

Figure of Foundation
Image of the Cross Point with 230 kV Transmission Line
Gantry Structure: GA Type

Design of the Cross Point with 230 kV Transmission Line

PaKXAN SS LOCALON ....eeeiuviieitieeiitiee e it e sttt e s stveeestbeeesbeeesetaeeestbeeesbeeesebbeeesabeeesabeeesasbeesssbeeesabeeesaseeessaes -2
Planned ThaKNeK SS LOCALON...........ccuteiiieiiiieeeiree e sttt e e etre e sbee e st e e s ebbe e e sbeeesbeeesetbeessabeeesbaeesaraeesaaes -3
L LT IS o Tor- L1 (oo OO RRR PP PROUPROY -4

Pakxan Substation Single Line Diagram (as of July 2002)

Pakxan Substation Existing 115 kV Switchyard Layout (as of July 2002)

Pakxan Substation Single Line Diagram (after the Project)

Pakxan Substation 115 kV Switchyard Layout Plan

Pakxan Substation 115 kV Switchyard Layout Plan (Side View)

Pakxan Substation 115 kV Switchyard Layout Plan..............ccccoriiiiiiniiceee e -5
Thakhek Substation Single Line Diagram (after the Project)

Thakhek Substation 115 kV Switchyard Layout Plan

Thakhek Substation 115 kV Switchyard Layout Plan (Side View)

Pakbo Substation Single Line Diagram (after the SPRE project)

Pakbo Substation Existing 115 kV Switchyard Layout (after the SPRE project)

Pakbo Substation Single Line Diagram (after the Project)

Pakbo Substation 115 kV Switchyard Layout Plan

Pakbo Substation 115 kV Switchyard Layout Plan (Side View)

Pakbo Substation 115 kV Switchyard Layout PIan ...........c.cccceiiiiiiiiiiiece s -9

Organization for the Project IMpIemeENntation ..............ccccveiiiiiiiiii e V-1

Implementation Schedule

Organizations of BrancCh OffiCES .........cociiiiiiiiiii e V-2

UXO Map along Pakxan SS to Pakbo SS Transmission Line



ABBREVIATIONS

ACSR : Aluminum Conductor Steel Reinforced
ADB : Asian Development Bank

AFTA : Association of Southeast Asian Nations Free Trade Area
ASEAN : Association of Southeast Asian Nations
BOT : Build, Operate, and Transfer

BOOT : Build, Own, Operate, and Transfer

CA : Concession Agreement

CB : Circuit Breaker

CIF : Cost, Insurance, and Freight

CPC : Committee for Planning and Cooperation
CPI : Consumer Price Index

CT : Current Transformer

DIP : Department of Investment Promotion

DL : Distribution Line

DOE : Department of Electricity in MIH

DS : Disconnecting Switch

EDS : Every Day Stress

EDL : Electricite du Laos

EGAT : Electricity Generating Authority of Thailand
EIA : Environmental Impact Assessment

EIRR : Economic Internal Rate of Return

EU : European Union

FIRR : Financial Internal Rate of Return

FOB : Free on Board

GEF : Global Environment Facility

GDP : Gross Domestic Product

GMS : Greater Mekong Sub-region

HDI : Human Development Index

HDSS : Hydropower Development Strategy Study
HV : High Voltage (230 kV and 115 kV in Laos)
ICB : International Competitive Bidding

IEC : International Electro-technical Committee
IDA : International Development Association
IKL : Isokeraunic Level

IMF : International Monetary Fund

IPP : Independent Power Producer

IRR : Internal Rate of Return

ISO : International Standards Organization
JBIC : Japan Bank for International Cooperation
JICA : Japan International Cooperation Agency
JIS : Japanese Industrial Standard

LAO P.D.R. : Lao People’'s Democratic Republic

LDC : Load Dispatching Center



LF
LNGC
LOLP
LRMC
Lv

MIH
MOSES
MOU
MV

NBCA
NEAP
NETG
NPV
NTL

OocCcC
OH
OoPGW
o&M

PEA
PIP
PLC
PPA
PS
PSS/E
PSSS
PT

RUS

SS
STEA
STEP
SCF
SHS
SwS

TA
TL
TOR
TR

UNDP
UNHCR
Uxo
WB

WTP

Load Factor

Lao National Grid Company
Loss of Load Probability

Long Run Marginal Cost

Low Voltage (380/220 V in Laos)

Ministry of Industry and Handicrafts
Multi-Objective Scenario Evaluation System
Memorandum of Understanding

Medium Voltage (34.5 kV and 22 kV in Laos)

National Bio-diversity and Conservation Area
National Environmental Action Plan

National Electricity Transmission Grid

Net Present Value

Non-Technical (Energy) Loss

Opportunity Cost of Capital
Overhead (line)

Optical fiber Ground-wire
Operation and Maintenance

Provincial Electricity Authority (in Thailand)
Public Investment Program

Power Line Carrier (communications)
Power Purchase Agreement

Power Station

Power System Simulator for Engineering
Power Sector Strategy Study (by ADB)
Potential Transformer

Rated Ultimate Strength

Substation

Science, Technology, and Environmental Agency

JICA Study Team for Electric Power Standard Establishment
Standard Conversion Factor

Solar Home System

Switching Station

Technical Assistance
Transmission Line
Terms of Reference
Transformer

United Nations Development Program
United Nations High Commissioner for Refugees
Unexploded Ordnance

World Bank
World Trade Organization
Willingness to Pay



UNITS

LENGTH

mm : Millimeters

cm : Centimeters (10.0 mm )

m : Meters (100.0 cm)

km : Kilometers (1,000.0 m)

EXTENT

cm? : Square-centimeters (1.0 cm x 1.0 cm)
m? : Square-meters (1.0 m x 1.0 m)

km? : Square-kilometers (1.0 km x 1.0 km)
ha : Hectares (10,000 m?)

VOLUME

cm?® : Cubic-centimeters (1.0 cm x 1.0 cm x 1.0 cm)
m?® : Cubic-meters (1.0 mx 1.0 m x 1.0 m)
WEIGHT

g : grams

kg : kilograms (1,000 g)

ton : Metric ton (1,000 kg)

TIME

sec. : Seconds

min. : Minutes (60 sec.)

hr. : Hours (60 min.)

CURRENCY

KIP : Lao Kip

uss$ : United State Dollars

J¥ : Japanese Yen

ECU : Euro Currency Unit

ELECTRIC

\% : Volts (Joule/coulomb)

kv : Kilo volts (1,000 V)

A : Amperes (Coulomb/second)

kA : Kilo amperes (1,000 A)

W : Watts (active power) (J/s: Joule/second)
kW :© Kilo watts (10° W)

MW : Mega watts (10° W)

GW : Giga watts (10° W)

Wh : Watt-hours (watt x hour)

kWh : Kilo watt-hours (10° Wh)

MWh : Mega watt-hours (10° Wh)

GWh : Giga watt-hours (10° Wh)

VA : Volt-amperes (apparent power)

kVA : Kilo volt-amperes (10° VA)

MVA : Mega volt-amperes (10° Wh)

var : Volt-ampere reactive (reactive power)
kvar : Kilo volt-ampere reactive (103 var)

Mvar : Mega volt-ampere reactive (106 var)



EXECUTIVE SUMMARY



Executive Summary

1)

(2)

Executive Summary

Background of the Study

Lao PDR has an estimated hydropower generation potential of more than 18,000 MW in its territory.
The Government of Lao PDR (GoL) has a basic policy for the power sector that aims to acquire
foreign currencies by exporting electric energy to its neighboring countries and to raise electrification
ratio of the country.

Export of eectricity has greatly contributed to the country’s revenue since commissioning of the Nam
Ngum power station in 1971.  Contribution of the energy export from Nam Ngum - Nam Leuk and
Xeset systems to Thailand was US$ 22 million (796 GWh) in 2001. This was 8 % of total foreign
currency earnings of the country in the year. On the other hand, due to lack of the domestic
transmission facilities, some areas of the country should import electricity at higher rate than that for
export. Total amount of imported energy was US$ 6.5 million (183 GWh) in 2001.

Recently, the World Bank (WB) and the Asian Development Bank (ADB) are assisting in
development of transmission systems in combination with distribution networks in the northern area
and the southern area.  However, a master plan for the development of a comprehensive transmission
system to cover the whole country has not been established.

Under the situation, GoL proposed in May 2000 to the Government of Japan a request for the Study
on Master Plan of Transmission Line and Substation System in the country for the domestic power
supply purpose. The Government of Japan entrusted to the Japan International Cooperation Agency
(JCA) to examine the request. JICA discussed details of the request with officials of Ministry of
Industry and Handicraft (MIH) and Electricite du Laos (EDL) during November 2000 and decided to
conduct the Study.

Objective of the Study

Specific objectives of the study were to formulate an optimum devel opment plan up to the year 2020
of the transmission lines and substations for domestic power supply over the country, to select the
highest priority project from the optimum plan, and to design of the facilities for the highest priority
project, taking into account the development program of EDL's power plants and efficient utilization

of energy from IPPs power plants.

The Study was carried out during a period of February 2001 to September 2002 in cooperation with
the counterparts from EDL and accomplished in three (3) study stages; the investigation stage, system
study stage, and the master plan formulation stage.




3)

Results of Study

(3-1) Review on Existing Transmission Systems and Current Generation Development Plan

(3-2)

At present there are only 4 independently operated power systems in the country including importing
systems as seen in Figure 6.4-1 of Part |.

EDL establishes its own generation development program for the domestic supply and IPP projects by
the year 2020 in consultation with MIH as shown on Tables 4.2-1 and 4.2-2 of Part I, which was the
base of the master plan study of the study team. Tota 15 new power stations are programmed for
domestic supply use with total installed capacity of 852 MW for annual average production of 3,936
GWh. The capacity to be developed is equivalent to 300 % of the current capacity, and the tota
production is 360 % of the current generation. Tota installed capacity and average annual
production of IPP plantsin the year 2020 are planned to be 7,013 MW and 33,243 GWh, respectively.

Electricity Demand Forecast

Electricity demand forecast was examined by year and by district until 2020. Both annua energy
consumption in GWh and pesk demand in MW were forecasted. Energy demand in each district was

forecasted for four categories, residential, industrial, commercial & service and agricultural sectors.

The general eectrification policy of the country in the Socio-Economic Development Strategy
published by the GoL in March 2001 stipulates a rate of electrification of al households by the year
2020 to be 90%. Residential energy demand was forecasted based on this electrification policy for
household. Energy demands of industrial sector and commercia & service sector were forecasted on
the base of elasticity between growths of GDP and energy consumption in the respective sector.
Energy demand for agricultura sector was separately forecasted. Following table summarizes
results of the electricity demand forecast of the Team by the year 2020.

Descriptions Unit Scenari 2005 2010 2015 2020
Energy Demand (Gwh) High 1,374 2,196 3,350 4,715
(GWh) | Base 1,337 2,093 3,138 4,320
(GWh) Low 1,302 1,997 2,945 3,975
Losses (GWh) High 343 493 670 832
(GWh) Base 334 470 628 762
(GWh) Low 326 448 589 701
Total Energy Demand | (GWh) High 1,672 2,688 4,020 5,547
(GWh) Base 1,672 2,563 3,765 5,082
(GWh) Low 1,628 2,445 3,534 4,676
Peak Demand (MW) High 340 512 765 1,055
(MW) Base 331 488 716 967
(MW) Low 322 465 672 890
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(3-3) Supply and Demand Balance

Balance of the total supply capability in the development plan of MIH/EDL and base-case €electricity
demand forecasted by the study team indicates the following:

- In the year 2005 when Central 1 and Central 2 will be interconnected, total installed capacity
of interconnected transmission network is exactly the same as the assumed peak load of the
network in 2005.

- In the year 2006, the completion of Nam Ngum 2 and Nam Beng 3 power stationswill realize
remarkable increase in the supply capacity of the interconnected network to meet the demand
with sufficient reserved margin.

- After the year 2008 when the most demanding areas will be interconnected to form a unified
national grid, supply capacities in both peak load and energy demand of the grid will
continue to increase with the completion of various power plants in the generation
development program of MIH/EDL, which are quite sufficient to meet the growing demand

till the year 2020 as seen in Figure 5.6-3 of Part I.

(3-4) Formulation of Optimum Transmission System

Power plants for domestic supply are basically EDL’s own plants only excluding IPP plants.  While,
agreements of 1PPs with the GoL have and will have such a particular term that approximately 5 % of
total energy and power produced at its plant should be delivered for the domestic consumption. The
team planned that only such IPP plants providing with generator(s) for solely supplying to the
domestic demand and being separated from export-use facilities would be connected with the EDL’s
domestic transmission grid, for reasons of stable operation of the grid and a reliable supply. Other
IPP plants having no solely generator(s) will not be connected to the national grid, but agreed energy
for domestic supply will be delivered to their surrounding areas through 22 kV feeders from the plants
for contributing to rural electrification.

The expansion plan of transmission systems was chronologically formulated taking into account the

following elements.

(@ Demands of power and energy forecasted in Chapter 5,

(b) Policy of the GoL on electrification rate of the country to be 90% by 2020,

() Linkage with availability of power and energy at the time, i.e., development program of
power plants,

(d) Effective utilization and reinforcement of the existing transmission facilities, and
programmed development of transmission systems in the country under internationa
organizations,

(e) Satisfaction of criteriafor systems and reliability,




(3-5)

(3-6)

3-7)

() Impact to social and environment, and

(g) Facilitiesto be on the least cost basis

Results of the examinations on electricity demand, transmission distance and power flow concluded
that 115 kV is the most economical system voltage for domestic supply by 2020. The plans of
interconnections among power plants, substations and demand points were determined in comparisons
of various alternatives for each section. Figure 6.8-1 of Part | shows the connections of points thus
formulated till the year 2020.

The study team indicated the areas where EDL grids will not cover and recommended such alternative

electricity sources as solar, mini/micro hydro, or diesel generator adequate for those aress.

Analysis of Optimum Transmission System

For verifying adequacy of the formulated system for the system planning criteria, the optimum system
was analyzed by PSS/E computer software.  The analyses were conducted for power flow, stability,
fault current, line loss, etc. on various cases in every 5-year system. Results of the analyses
concluded that the formulated optimum systems in each year were quite appropriate satisfying al the
system planning criteria.  Further, the study team recommends several operation plans of the future

systems as one of the results of analyses.

Conceptual Facility Design and Cost Estimate of the Optimum System

The study team conducted the conceptual design of facilities for transmission lines and substations for
the formulated optimum system applying the design criteria agreed between EDL and the team and
also referring to the technical standards established by JJCA STEP team. On the basis of the design,
the study team estimated the total project cost of the optimum transmission and substation system over
the whole country. Estimated total project cost on the ICB base was US$ 480 million including the

currently progressing and planned projects under assistance of IDA, ADB and other organizations.

Evaluation of Optimum Transmission Lines and Substation System

With the reasons that most of trunk transmission systems will be completed by the year 2008 and there
might be some uncertainties in the EDL's development program of power stations after 2010,
evaluation of the optimum system in the year 2010 was conducted. Cost included those for
transmission lines and substations and MV & LV distribution networks (estimated by the study team)
required for 2010 systems. Benefit was assumed to be incremental sales of energy to the areas
through the formulated system, applying energy tariff that was estimated from the weighted
willingness to pay of the existing and new customers deducted by generation cost. The generation
cost was estimated from the ADB TA report. EIRR (Economic Internal Rate of Return) of the
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(3-8)

(3-9)

optimum system thus computed was 23 % which turns out to be higher than the said OCC
(Opportunity Cost of Capital) 11 % of Lao PDR and was judged as viable in economic terms.

EDL, an implementing agency of the project, is a power corporation that owns every facility from
generation through transmission to distribution networks, and is responsible for the entire flow from
power production to retail saleto energy users. This indicates uncertainty of hand-over or wholesale
price between generation outlet and transmission inlet.  Furthermore, this Project is to develop the
transmission and sub-station facilities over the country, the project covers many remote and scattered
demanding points, and the present power tariff includes subsidy. Under those conditions, revenue
related to the transmission lines and substations is difficult to be identified. Assuming that 40 % of
the current tariff regulated toward the year 2005 would be alocated for the portion of transmission
lines, substations and distribution network, trial calculation of FIRR for the Project was carried out.

Result of the calculation was however negative.

Selection of Highest Priority Project

The highest priority project was selected from candidates systems in the formulated optimum system
to be developed by 2005, but the progressing project and the certain projects to be implemented under
the international funds were excluded from candidates. The evaluation items for the candidate

projects were determined through discussions with EDL as below:

(8 Urgency of the subproject in the respect of the governmental development program,
(b) Impact for environmental and UXO circumstances,

() Saving of imported energy by a subproject,

(d) Number of beneficiaries from a subproject, and

(e) Efficiency of investment (e-1) : Energy sales per investment

(e-2) : Beneficiaries per investment

The evaluation concluded that the section of Pakxan-Thakhek-Pakbo system was the highest priority

project.

Facility Design of the Highest Priority Project

The study team achieved the preliminary design of the 115 kV double circuit of ACSR 240 mm?
transmission line of Pakxan - Thakhek - Pakbo and the 115 kV substations at Pakxan, Thakhek, and
Pakbo of the highest priority project.

The transmission line route was aligned over 300 km almost along the national road No.13 as seen in
Figures 2.1-1 to 2.1-4 of Part Il. The route was selected in details taking into account results of the

examinations on environment, regiona restriction of land use, security of the facilities, easiness of




construction and maintenance, and also referring to the advice of EDL.  Most of the route passes in
flat area, and soil conditions for towers deem to be quite solid so that no special foundations will be
required for the line. Fina route and soil condition will be confirmed by the field survey to be

carried out in the detailed design stage of the project.

Each substation for the project is to be provided in the premises of the existing EDL substations or
premises of the substation newly to be completed during 2004. No issues for land and environment

are anticipated for the substations, accordingly.

Design of the facilities was done so as to meet various articles ruled in the Laotian Electric Power
Technical Standard of the JICA STEP team and also to satisfy the design criteria agreed between EDL
and the study team.

In accordance with results of the design, the team prepared the implementation schedule and estimated
the project cost with its disbursement schedule. Estimated project cost for both transmission lines
and substations was approximately US$ 27.7 million. The Project needs 36 months to be completed
from assignment of the consultants to the commissioning of al the facilities including 13 months for

preparatory works and 23 months for manufacturing, construction, and tests.

The highest priority project was economicaly and financialy evauated in IRR analysis. EIRR for
the project was worked out to be 23.9 % on the basis of save of import energy. FIRR of the Project
was calculated to be 14.9 % on the basis of incremental energy sales. Both EIRR and FIRR are
higher than OCC of 11 % assumed for the country, and the Project was judged to be viable.

Besides, following Project effects are assured by its implementation.

(3 Reduction of import energy estimated at approximately 6,290 GWh or US$ 32 million for a
period of 15 years from 2006 to 2020.

(b) Electrification of 980,000 persons in the area,

() Contribution to development of regional industrial, agricultural, and commercial sectors,

(d) Contribution to improvement of Basic Human Needs, and

(e) Start-up of the comprehensive national transmission network.

Thus, the Project is recommended to be implemented at the earliest time.

In addition, the study team made various recommendations for the efficient and proper operation of

the power system in the country in Chapter 8 of Part I1.

Vi
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