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5.5. WIND MONITORING SYSTEM WIND MONITORING SYSTEM 
AND STUDY OF WIND POWERAND STUDY OF WIND POWER

Site selection for wind monitoring

Supervise of wind monitoring system 
installation

Analysis of collected data

Wind power development plan

Pre-F/S on selected 3 projects

5.1 Study and Survey Conducted

5.2  Installation of Wind Monitoring 
System

List of Monitoring Site

La Paz
1.Achiri 2. General Gonzales
3.Is. Taquiri 4. Charana
5.Santiago de Llallagua

Oruro
1.Caripe 2. Chachacomani
3.Comjo / Coipasa 4.Sevaruyo
5.Salinas de Garci Mendosa

Anemometer and Wind Vane Tower Installation
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Wiring Work Data Logger Set-up

5.3  Monitoring and Data 
Collection

1)  Collected data and Analysis
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2)  Wind Power Potential

5.4  Selection of Candidate Sites 
for Pre-feasibility Study
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Selection Criteria

Wind Power Potential

Population of Canton

Priority Development Sites of Prefectures

La Paz Charana

Oruro Chachacomani
Caripe

Selected Pre-F/S Sites

5.5  Process of Pre-Feasibility 
Study and Result

1)  Work Flow of Pre-Feasibility Study

Socio-economic analysis

Alternative plans

Power demand estimation

Selection of optimum scheme

Preliminary design & cost estimation

Economical & Financial Evaluation

２２２２) Optimization Study

Alternative plans by hybrid system

Estimate project cost / benefit

Select a optimum scheme

Wind-PV
Wind-MHP
Wind-diesel 3)  Formulated Schemes
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Specification of Generation System 

Charana Caripe Chachacomani

Wind Turbine

PV

MHP

80

16

-

10

4

-

20

-

3

Inverter

Converter

Battery

64

20

44

8

-

8

14

10

4

(kw )

(kWp)

(kW)

(kVA)

(kVA)

(kAh)

Wind Generation 80 kWPhotovoltaic Generation 16 kWp

Inverter 64kVA Battery Bank 44 kAh

Existing Diesel 
Generator 135 kVA

Converter 20 kVA

DC Controller

Back up Power Source

Demand
Household
Micro-Enterprise
Cafe
Office
Store
School
Health Clinic
Community Center

150
10
8
7
5
3
1
1

Charana

CHARANA

Wind Generation 20 kWMicro-Hydro Power 3 kW

Inverter 14 kVA Battery Bank 4 kAh

Converter 10 kVA

Demand
Household
Cafe
Store
School
Health Clinic
Community Center

70
3
4
1
1
1

Chachacomani

DC Controller

CHACHACOMANI

Wind Generation 10 kWPhotovoltaic Generation 4 kWp

Inverter 8 kVA Battery Bank 8 kAh

DC Controller

Demand
Household
Cafe
Store
School
Health Clinic
Community Center

30
3
2
1
1
1

Caripe
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CARIPE

4)  Results of Evaluation

Project Cost Estimation

1. Wind Generator, PV systems, etc.

2. Distribution Line

3. Installation Works

4. Transportation

5. Direct Cost Total

6. Administration and 
engineering Service

Charana Caripe Chachacomani

478,822

35,885

144,000

88,405

11,040

21,000

209,242

15,000

30,000

92,946

751,653

66,145

14,938

135,382

11,914

16,598

270,840

23,834

Total Construction Cost 817,798 147,296 294,674

(Unit:  US dollar)

EIRR and Financial Evaluation of Pre-F/S 
Wind Development Projects

Charana Caripe Chachacomani

-2.9% -1.8% -3.1%

EIRR

Minimum Power Tariff to Cover 
O&M Cost

Residential per
Month

Residential  per
kWh

4.733.152.65

0.220.150.12

ChachacomaniCaripeCharana 6. Rural Electrification Plan 
by Renewable Energy
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6.1 Target Renewable Energy & Planning Methodology

1) Target Renewable Energy

Micro-hydro Power (MHP)
Wind Power
Photo-voltaic (PV)

2) Cost Comparison

Installed Capacity and Annual Electricity Generation/Consumption

Grid
Extension PV MHP Wind Diesel

Installed Capacity -
55W

x 100HH 20kW
20kW

(15kW Wind/
5kW PV)

20kW

Annual Electricity
Generation/Consumption
(kWh/Y)

58,400
70kWh/Y
x 100HH 55,480 51,120 52,560

Grid
Sm all Large PV MHP Wind D iesel

Economic  Cost 0.29 0.31 1.60 0.31 0.47 0.40
F inancial Cost 0.32 0.35 1.90 0.36 0.56 0.47

Energy Cost by Energy Source (US$/kWh)

3) Methodology of Rural Electrification Plan

MHP 
Develop. 

Plan

VMEH Policy

Estimated Annual 
Investment = Constraint

Evaluation & Assessment of 
Renewable Energy Sources

Projection of 
Grid Extension

Rural Electrification P lan (2002-2011)

Wind
Develop. 

Plan

PV
Develop. 

Plan

6.2 Rural Electrification Plan

(1) MHP Development Plan

1) MHP Development Plan
a) Development Plan Formulation

Hydropow er
Potential MapMHP Inventory 

List (Plan)

Cost (US$/kWh)

Comparison
MHP vs Gr id

Selection of Priority MHP Projects

Selection of MHP Projects

Prior ity Ranking

Ranking Crit eria
- Distanc e from Ex ist. Grid
- Com parativ e Inv est. Cost

(grid/M HP)
- Benefic iary HH S iz e
- Project Mat urity

Stage-w ise Implementation
of Selected Pr ior ity Projects Phase-I : 2002 ~ 2006

Phase-II: 2007 ~ 2011
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1) MHP Development Plan
b) Selected Priority MHP Projects

(La Paz)

L A PAZ

O RURO

Proposed MHP Plan for La Paz
Phase-I (2002~2006)

: 13 Projects (1,096 kW)
Phase-II (2007~2011)

: 17 Projects (1,220 kW)
(Total 30 Projects, 2,316 kW)

1) MHP Development Plan
b) Selected Priority MHP Projects

(Oruro)
Proposed MHP Plan for Oruro
Phase-I (2002~2006)

: 1 Project (62 kW)
Phase-II (2007~2011)

: 2 Projects (40 kW)
(Total 3 Projects, 102 kW) LA PAZ

O RU ROSajama
Tambo Quemado

Juro-Viluyo

1) MHP Development Plan
b) Selected Priority MHP Projects

Proposed Micro-Hydro Power Projects (La Paz)

Phase Year
Beneficiary
Household

(HH)

Installed
Capacity

(kW)

Investment Cost
(MHP)
(US$)

Phase - I 2002 - 2006 4,240 1,096 3,496,000
Phase - II 2007 - 2011 3,490 1,220 3,541,000
TOTAL (2002 - 2011) 7,730 2,316 7,037,000

Proposed Micro-hydro Power Projects (Oruro)

Phase Year
Beneficiary
Household

(HH)

Installed
Capacity

(kW)

Investment Cost
(MHP)
(US$)

Phase - I 2002 - 2006 45 62 240,000
Phase - II 2007 - 2011 140 40 128,000
TOTAL (2002 - 2011) 185 102 368,000

(2)  Wind Power Development 
Plan

Located in high wind potential area

Population over one hundred

No existing electrification plan

Estimated project cost is lower than that of 
grid extension

Selection Criteria
Site Selection for Wind Development 

Project

Oruro

La Paz
Cantons in high wind 

potential area Population Existing grid
or the plan

Population for
Project Result

1. Okoruro
2. Chinocabi

339
264

no
no

suitable
suitable

selected
selected

3. E. Abaroa
4. Greal. Perez

116
159

no
no

suitable
suitable

selected
selected

5. Ladislao Cabrera
6. Rio Blanco

237
287

no
no

suitable
suitable

selected
selected

7. Cat Acora
8. Pairumani Grande

278
124

no
no

suitable
suitable

selected
selected

9. Pojo Pajchiri
10. Charana

221
1,016

no
no

suitable
suitable

selected
selected

11. Caracollo
12. Thola Collo

61
87

no
no

not suitable
not suitable

not selected
not selected

Cantons in high wind 
potential area Population Existing grid

or the plan
Population for

Project Result

1. Sajama
2. Lagunas

449
235

existing
no

suitable
suitable

not selected
selected

3. Copasa
4. Carangas

685
152

no
existing

suitable
suitable

selected
not selected

5. Caripe
6. Chachacomani

208
476

no
no

suitable
suitable

selected
selected

7. Villa Rosario 96 nonot suitable not selected
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Wind Power Development Projects

Oruro

La Paz
Cantons

Okoruro
Charana
Chinocabi
E.Abaroa
Greal Perez
Ladislao Cabrera
Rio Blanco
Catacora
Pairumani Grande 
Pojo Pajchiri

Capacity of 
System 

(kW)
36
96
26
22
22
22
24
56
36
46

Obj ectiv e HHs

48
150
42
32
28
32
34
72
46
52

Distance 
from nearest 

grid (km)
100
80
96
60
44
74
94
46
50
46

Economic 
Cost 
(US$)

259,386
699,136
203,648
154,893
153,805
154,893
177,639
375,214
258,298
312,948

Financial 
Cost
(US$)

305,293
817,798
240,882
182,051
180,746
182,051
209,219
440,494
304,031
367,181

Selected 
Plan

Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV

Wind/MPV

Cantons

Caripe
Lagunas
Cosapa
Chachadomani

Capacity of 
System 

(kW)
23
521
0
0

Obj ectiv e HHs

30
60
140
70

Distance 
from nearest 

grid (km)
64
88
72
100

Economic 
Cost 
(US$)

125,382
282,132
445,512
271,738

Financial 
Cost
(US$)

147,296
332,462
525,313
294,674

Selected 
Plan

Wind/PV
Wind/PV
Wind/PV

Wind/MPVH

MAP

MAP

Distance from the grid

Size of households

Investment cost per household

Preparedness of the project

Priority of Project Implementation

Project Preparation (Wind Data, F/S) Score

Investment Cost (US$/HHs) Score

Size of Objectiv e Households Score

Allocated Scores for Priority Selection

Distance Score
A 80 km and over 1
B 60 km and over, less than 80 km 2
C Less than 80 km 3

A 80 and over 1
B 40 and over, less than 80 km 2
C Less than 40 3

A Less than 5,000 1
B 5,000 and over, less than 6,000 2
C 6,000 and over 3

A F/S report is existing 1
B Limited data available 2
C No F/S report 3

Wind Power Development Plan 
(Phase 1: 2002 to 2006)

Cantons Objective 
HHs

Capacity
(kW)

Investment 
Cost (US$)

La Paz

Okoruro

Charana

Chinocabi

48

150

44

36

96

26

251,624

678,437

198,042

Rio Blanco 36 24 172,464

Caripe

Copasa

Chachacomai

30

146

70

14

60

23

122,364

432,575

267,426

Total 524 279 2,122,931

Oruro
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Wind Power Development Plan 
(Phase 2: 2007 to 2011)

Cantons Objective 
HHs (A)

Capacity
(kW)

Investment 
Cost (US$)

La Paz

Eabaroa

Greal Perez

Ladislao Cabrera

32

30

34

22

22

22

150,150

149,062

150,150

Catacora 74 56 363,140

Pairumani Grande

Pojo Pajchiri

Lagunas

46

60

62

36

46

38

250,536

303,030

273,938

Total 338 242 1,640,006

Oruro

3) PV System Development Plan

Evaluation of the PV potential 

PV followed    
Grid Extension
Micro-Hydro,
Wind Power

Identification of Candidate Sites Outside the Plan of Grid Extension

Low Population Density

Basic Human Needs 

Criteria for Selection

Possible Sites for PV in La Paz Possible Sites for PV in Oruro
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Phase

Department

La Paz

Phase 1
(2002 - 2006)

177

Phase 2
(2007 - 2011)

3,361

Total

3,538

Oruro 2,235 4,637 6,872

Total 2,412 7,998 10,410

(Unit: PV system)

PV Implementation Plan

(4) Grid Extension Plan

Grid Line Extension Plan for 2002-2006 
Projected based on the grid line of 2001

Grid Line Extension Plan for 2007-2011 
Projected by prioritizing the non-electrified 

cantons by the criteria 
- Criteria

Population density
Distance from the existing grid line
Basic Needs

Grid Line Extension Plan (2011)
The cantons with the priority A and B

La Paz Oruro
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(5) Overall Projection of Rural Electrification

Ph as e  I ( 2 0 0 2 -2 0 0 6 ) P h as e  I I  ( 2 0 0 7 - 2 0 1 1 )
G rid 9 ,5 1 7                            1 0 ,4 8 4                          
PV 1 7 7 3 ,3 6 1

M H P 4 ,2 4 0 3 ,4 9 0
W in d 2 7 8 2 7 6
T o ta l 1 4 ,2 1 2 1 7 ,6 1 1

Phase I (2002-2006) Phase II (2007-2011)
Grid 6,084 6,221
PV 2,235 4,637

MHP 45 140
Wind 246 62
Total 8,610 11,060

Number of New Beneficiaries

5) Overall Projection of Rural Electrification

La Paz

Oruro

La Paz

Oruro

2000 2002 2006 2011
Total No. of Rural Household 62,566 61,981 60,846 59,473
Existing No. of HHswith Electricity  7,908 10,268 16,955 27,303
New Beneciary  HHs with Electricity 1,023 1,739 1,810 2,445
Decrease in No. of Electrified HHs by Diesel -44 -34 -20 -10
Total No. of RuralHHswith Electricity 8,887 11,973 18,746 29,739
Rural Electrification Rate (%) 14.2% 19.3% 30.8% 50.0%

2000 2002 2006 2011
Total No. of Rural Households 233,202 232,629 231,879 231,669
Existing No. of HHswith Electricity  54,906 70,673 81,436 97,916
New Benecifiary  HHs with Electricity 4,323 2,724 2,969 3,771
Decrease in No. of Electrified HHs by Diesel -190 -145 -85 -43
Total No. of RuralHHswith Electricity 59,039 73,252 84,321 101,643
Rural Electrification Rate (%) 25.3% 31.5% 36.4% 43.9%

Projected Rural Electrification Rate Total Beneficiaries and Breakdown by Energy Source 

La Paz

2000 2002 2006 2011
PV Total 693 916 1,070 4,431

Share 1.2% 1.2% 1.3% 4.4%
Micro-hydro Total 516 2,195 5,535 9,025

Share 0.9% 3.0% 6.6% 8.9%
Wind Total 0 30 278 554

Share 0.0% 0.0% 0.3% 0.5%
Total Total 1,209               3,141               6,883               14,010             
Renewable Energy Share 2.0% 4.3% 8.2% 13.8%
Grid Extension Total 56,510             69,102             76,848             87,332             

Share 95.7% 94.3% 91.1% 85.9%
Diesel Total 1,320 1,010 591 302

Share 2.2% 1.4% 0.7% 0.3%
Total Total 59,039 73,252 84,321 101,643

Share 100% 100% 100% 100%

2000 2002 2006 2011
PV Total 1,352 2,355 3,984 8,621

Share 15.2% 19.7% 21.3% 29.0%
Micro-hydro Total 365 365 410 550

Share 4.1% 3.0% 2.2% 1.8%
Wind Total 0 0 246 308

Share 0.0% 0.0% 1.3% 1.0%
Total Total 1,717               2,720               4,640               9,479               
Renewable Energy Share 19.3% 22.7% 24.8% 31.9%
Grid Extension Total 6,860               9,016               13,968             20,189             

Share 77.2% 75.3% 74.5% 67.9%
Diesel Total 310 237 138 71

Share 3.5% 2.0% 0.7% 0.2%
Total Total 8,887 11,973 18,746 29,739

Share 100% 100% 100% 100%

Oruro

(6) Environmental Impact
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6) Environmental Impact

Emission of Carbon Dioxide (ton) 
= Calorie Necessary for Electricity Generation (2,646 kcal/kWh x 
Electricity Generated x 1/109) x Common Energy Unit Conversion 
Factor (4.1868TJ/Tcal) x Carbon Emission Factor (17.2tC/TJ) x 
Fraction of Carbon Oxide (0.995) x 44/12

Estimate of Reduction Amount of CO2 (ton)

La Paz

Oruro

Phase I (2002-2006) Phase II (2007-2011)
PV 232 781
Micro-hydro 3,739 8,631
Wind 132 488

Total 4,104 9,900

Phase I (2002-2006) Phase II (2007-2011)
PV 743 1,692
Micro-hydro 431 598
Wind 95 347

Total 1,269 2,637

7. Institutional and Financial Plan 7.1 Implementing Structure

Proposed Implementing Structure

Source: JIICA Study Team

Guidance for rural electrification development

Application for finance Evaluation and approval of the project plan

Preparation of a project plan

Commission of project management
1) organization of REC
2) bidding

Application of a rural 3) contract
electrification project 4) supervision

Installation Training of Operation and Maintenance
for Cooperative / REC

Provision of labor forces Participation of training

Organizing Cooperative or Rural Electrification Committee (REC)
under a guidance of municipality  and/or consultants/NGO

DUF

Municipality

VMEH

Supplier / Operator (PV sy stem)
-

Engineering company  / consultants (Wind Power)

Cooperative / REC (Users or Beneficiaries)

Prefecture

Consultants / NGO
Consultants / NGOTechnical support

Consultants/NGO (Micro-hydro power)

Proposed Operation and Maintenance System for 
MHP and Wind Power Project

NGO / Contractor (Micro-hydro power)
Engineering Company (Wind power)

Technical services when REC/cooperative requests

Rural Electrification Committee (REC) / Cooperative

Staff: Chief (1) / Technical assistant (1-2) / Accountant (1)

(a) Daily operation and maintenance
(b) Periodical maintenance
(c) Monthly charge collection and accounting
(d) Request of technical services to NGO/consultant or engineering company

Chief (1)

Accountant (1)Technical assistant (1-2)

Maintenance contract Technical Services
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Proposed Operation and Maintenance System for 
PV System Project

Re que st Te chnical  se rvice

System Supplier / Operator
Technical service when requested

Rural Electrification Committee (REC)
Staff: Chief / Accountant (1) and Technical Assistants (1-2)
(a) Periodical maintenance
(b) Monthly charge coll ection and accounting
(c) Request of technical problems to supplier/operator

Chief / Accountant (1)

Technical Assistants (1-2)

Users
(a) Daily operation and maint enance
(b) Request of maint enance servi ces to REC

7.2 Fund Arrangement Plan

Phase I (2002-2006) Share
Public Investment 14,594 62.5%
   External Source 7,297 (50%)
   Internal Source 7,297 (50%)
Private Investment 8,739 37.5%

Total 23,333 100%

1) Required Fund (Phase I)

(US1,000)

- External Source
US$3.2 million (overseas agencies)
US$ 4.3 million (IBRD)     
= US$7.5 million

- Internal Source  
US$ 7.4 million 

2) Possible Source of Fund (Phase I) 

Planning Capacity Improvement

Improved Coordination

Research and Training 

7.3 Institutional Support

Proposed Re-Organization of Electrification 
Development Unit (EDU)

Information and 
Statistics
(2 staff)

Rural Energy 
Development

(2 staff)

(Policy
- Policy
- Strategy

(2) Norm
- Law
- Decree
- Regulation
- Norm

Rural Electrification Developemnt Unit
(1 chief)

Rural 
Electrification

(4 staff)

Administration of UNDP Project
(1 staff)ESMAP

(1) Isolated Small 
System
- Control of allocation 
for gas oil
- Conversion of 
cooperatives
- Registration
- Technical assistance

(2) National 
Interconected System 
(SIN) for small systems
- Conversion
- Registration
- Technical assistance

(1) Statistics
- Collection
- Compilation

(2) Processing
- System of 

integrated 
information

- Monitoring 
and 
Evaluation

- Inventory
- Planning
- Preparation 

of program

(1) Execution of Project / 
Program

- Pre-investment and 
Investment from foreign 
aids

(2) Financial support
- Negotiation
- Request of financial 

support
- Portfolio
- Agreement

(3) Sector Evaluation
- Reseach
- Scope of Works

Source: VMEH and JIICA Study Team

Policy and Norm

(1 staff)

Isolated System and 
SIN development

(2 staff)

Flow Chart of Strengthening of the EDU Staff

Source: JIICA Study Team

1) Redefinition of planning function 1) Redefinition of function
2) Training for EDU staff 2) Short-term training in VMEH

3) On the job training

Request to
dispatch

expert(s)

Continuous technology transfer after this program
G uidance

G uidance

Expert(s) of rural electrification planner 
dispatched from international organizations and foreign aids

Energy  Development Unit (EDU), 
VMEH

Energy  Unit,
Prefectures

Municipalities

Local communities
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Proposed National Council for Rural Electrification

Source: JIICA Study Team

National Council for Rural Electrification

Functions: 1) to share national policy /strategy  for rural electrification
2) to facilitate cooperation for rural electrification development
3) to promote renewable energy  development
4) to inform progress of rural electrification in prefectures
5) to discuss problems and constraints for rural electrification

VMEH
Vice Minister (chairman)

Energy  Development Unit (EDU) (coordinator)

Energy  unit of Prefectures
(rural electrification planner)

Private Sector
- sy stem supplier
- distribution company
- consultants
- engineering company

International aid organizations
Bilateral aid organizations

Public Organization
VIPFE and DUF (financial cooperation)
University  and NGOs (technical cooperation)

Proposed Regular Meeting with Local Government 
by VMEH Staff

Source: JIICA Study Team

(1) to inform national policy and strategy for rural el ectrification
(2) to assist technology for rural electrification developmen t
(3) to coordinate for financial arrangement

visit and have meetings
(quarterly)

(1) to inform current situation of  on-going projects and local demand

(2) to inform problems and constraints of  rural electrification

participate meetings

Energy Development Unit (EDU),
VMEH

Energy Unit,
Prefectures

Municipalities

to conduct an integrated research on 
renewable energies

to demonstrate the results to the pubic

to train the operation and maintenance skills 
for local users and rural electrification 
committee/cooperative as well as private 
sector

Establishing Research and Training Center 
for Renewable Energy Development

8. Recommendation

PV System

1. to follow up O&M of PV systems installed as a 
pilot project in La Paz and Oruro by VMEH and 
La Paz / Oruro prefectures 

Micro-hydro Power

1. to carry out continuous measurement of water 
level and discharge for the priority project sites 
by La Paz / Oruro prefectures 

Recommendation on Technical Matters

Wind Power

1. to continue the monitoring and wind data 
collection by La Paz / Oruro prefectures 

2. to assist the private sector for the technology 
development and promotion of wind power by 
VMEH

Recommendation on Technical Matters
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1. Function of EDU of the VMEH

2. Coordination between the VMEH and prefectures 
/ municipalities

3. Research and training function

4. Financial supporting function of the VMEH

5. Coordination between DUF and municipalities and
continuous support for municipality under PRSP

Recommendation on
Institutional Strengthening Japan International Cooperation Agency

Vice Ministry of Energy and Hydrocarbons, BOLIVIA

-- Third Seminar Third Seminar --
La Paz,La Paz, September 3, 2001September 3, 2001

The Study
On

Rural Electrification Implementation Plan
By Renewable Energy

In
The Republic Of BOLIVIA
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