5. WIND MONITORING SYSTEM
AND STUDY OF WIND POWER

5.2 Installation of Wind Monitoring

System

Anemometer and Wind Vane

5.1 Studyand Survey Conducted

Site selection for wind monitoring

Supervise of wind monitoring system
installation

Analysisof collected data
Wind power development plan
Pre-F/S on selected 3 projects

List of Monitoring Site

La Paz

1.Achiri 2. General Gonzales
3.1s. Taquiri 4. Charana
5.Santiago de Llallagua

Oruro

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

Tower Installation




Wiring Work Data Logger Set-up

1) Collected dataand Analysis
Monthly Wind Speed (La Paz)

SACHIRI

5.3 Monitoring and Data
CO”ECtIOI’] K SZGEAA‘IVQO\IZALES

XTAQUIRI
@®STGO. DE LLALLAGUA

9 10 11 12

Diurnal Wind Speed (La Paz) Monthly Wind Speed (Oruro)

& ACHIRI )
CHARANA ; # COMJO & COIPASA|
A GONZALES : e 2 3 ® CARIPE

A CHACHACOMANI
X TAQUIR

X SALINAS
® STGO. DE LLALLAGUA ® SEVARUYO
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Diurnal Wind Speed vs. Solar Radiation at

Diurnal Wind Speed (Oruro) Charana

# COMJO & COIPASA
CARIPE

a CHACHACOMANI
¢ SALINAS

® SEVARUYO

2) Wind Power Potential

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

m  Wind Power Potential
m Population of Canton

m Priority Development Sitesof Prefectures

5.5 Process of Pre-Feasibility

Study and Result

O) Optimization Study

Alternative plans by hybrid system

Wind-PV
I Wind-MHP
L1 Wind-diesd

Estimate project cost / benefit

Select a optimum scheme

Selected Pre-F/S Sites

La Paz Charana

Oruro Chachacomani
Caripe

1) Work Flow of Pre-Feasibility Study

Socio-economic analysis

Alternative plans

Power demand estimation

Selection of o'

[ |

|

ptimum scheme
Preliminary design & cost esimation
1

Economical & Financial Evaluation

3) Formulated Schemes
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Charana

Specification of Generation

Charana Caripe Chachacomani q.- -

. . Photowoltaic Generation 16 KWV| Wind Generation 80 KW
Wind Turbine 80 10 ’

PV 16 4 DC Controller -
|

+—* Converter 20 KVA
MHP

-
"h,‘ .
Inverter ‘

Inverter 64kVA Battery Bank44 kAh

1]
Converter

- a=
— -
Demand =

Household :
Battery WMo Emerprise - Distng Dlesel
——

Health Clinic Backup Power Source
Community Center

hachacomani

Micro-Hydro Power 3 kW Wind Generation 20 kW

> - » DC Controler

Converter 10 VA / L
-

J < “‘\‘;

Inverter 14 VA Battery Bank4 kAh

-

Demand
Household

Health Clinic
Community Center

CHARANA

£

i ]
W ]

| roR
-
. T p— T * Photovoltaic Generation 4 KWp Wind Generation 10 KW/
)
¢ ! 1 F
& - P - - & DC Controller
' f 1
g -, BTy 1 i B
-
s - - B s cdid Inverter 8 KVA Battery Bank8 kAh
) .
1 L
- ] L 1= Demand
Household
x . ’ ' ' 4 Cafe
e Store
- n School
b Health Clinic
Community Center




4) Results of Evaluation

CARIPE

Project Cost Estimation EIRR anc_i Financial Evaluat|on of Pre-F/S
Wind Development Projects

(Unit: USdollar)

Charana Caripe Chachacomani EI RR

1. Wind Generator, PV systems, etc. 478,822 88,405 209,242 Charana Caripe Chachacom ani

2. Distribution Line 35,885 11,040 15,000 -2.9% -1.8% -3.1%

3. Installation Works 144,000 21,000 30,000

4. Transportation 92,946 14,938 16,598

5. Direct Cost Total 751,653 135,382 270,840

6. Administration and

. : 66,145 11,914 23,834
engineering Sewvice

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

Minimum Power Tariff to Cover
O&M Cost

6. Rural Electrification Plan

Residential per 0.12 . 022 by Renewable Energy
kWh

Residential per 2.65 i 4.73
Month




6.1 Target Renewable Energy & Planning M ethodology

1) Target Renewable Energy
Micro-hydro Power (MHP)

Wind Power
Photo-valtaic (PV)

3) Methodology of Rural Electrification Plan

VMEH Policy

Estimated Annual = Constraint
I nvestment

Evaluation & Assessment of Projection of
Renewable Energy Sources Grid Extension
MHP Wind PV
Develop. Develop.
Plan Plan
Rural Electrification Plan (2 011)

(1) MHP Development Plan

2) Cost Comparison

6.2 Rural Electrification Plan

1) MHP Development Plan
a) Development Plan Formulation

Hydropow er
MHP Inventory Potential Map
List (Plan)

Selection of MHP Projects

Cost (usskwh)
Comparison
MHP vs Grid

Selection of Priority MHP Projects

Priority Ranking
Stage-w ise Implementation
of Selected Priority Projects
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1) MHP Development Plan
b) Selected Priority MHP Projects

(La Paz)

1) MHP Development Plan
b) Selected Priority MHP Projects

(Oruro)
Proposed MHP Plan for La Paz|
Phase-l (2002~2006)

: 13 Projects (1,096 kw)
Phase-l (2007~2011)

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

Proposed MHP Plan for Oruro
Phase-l (2002~2006)
: 1 Project (62 kW)
Phase-Il (2007~2011)
: 2 Projects (40 kw)
(Total 3 Projects, 102 KW)
@ Sajama

@ TamboQuemado

1) MHP Development Plan
b) Selected Priority MHP Projects

Proposed Micro-Hydro Power Projects (La Paz)

Benefidary Installed Investment Cost
Prese Year Household Capacity (MHP)
(HH) (kW) (Us$) | .
Prece-1 | 20022006 | 4240 109 349,000 (2) Wind Power Developmen
Phase- |1 2007 - 2011 3,490 1220 3,541,000
ToTAL (2002- 2011) 7,730 2316 7,037,000 Plan

Proposed Micro-hydro Power Proj ects (Or uro)

Bendficiay Installed Investment Cost
Phase Year Household Capecity (MHP)
(HH) (kW) (US$)
Phase- | 2002 - 2006 45 62 240,000
Phase- || 2007 - 2011 140 40 128000 |

(2002 - 2011) 185 102

Selection Criteria Proje

Cantons in high wind Populationfor | Existing grid

Population Result
. . . . potential area Project or the plan
Located in high wind potential area Ol < N I3 Selected
2. Chinocabl 264 Suntable 5} Selected
3. _E.Abaroa 116 suitable no selected
4. Greal. Perez 159 suitable no selected
H 5. Ladislao Cabrera 237 suitable no selected
Population over one hundred oo e e
7. Cat Acora 278 sultable no selected
8. Pairuman Grande 124 Suitable o Select
. . ape . 9. Pojo Pajchiri 221 suitable no selected
No existing electrification plan 10 Charana 106 uiable m < cecied
11._Caracollo 61 not suitable no not selected
12. Thola Collo 87 not suitable no not selected
Estimated project cost is lower than that of Oruro
. . Cantons in high wind Populationfor | Existing grid
gnd extension polenualglea (R pPro]ecl ur(hegpglan Rzl
T Sajama 749 Sunable exsting not selected
Lagunas 235 suitable no selected
Copasa 685 suitable no selected
Carangas 152 suitable existing not selected
Caripe 208 suitable. no Selected
Chachacomani 476 suitable no selected
Villa Rosario 96 not suitable no not selected




Wind Power Development Projects

Capacity of Distance Economic Financial
Cantons System | ObjectiveHHs | from nearest
kw) grid (km)
36 48 100 250,386 305,293 Wind/PV.
96 80 699,136 817,798 Wind/PV.
26 96 203,648 240,882
22 60 154,893 182,051
Greal Perez 2 44 153,805 180,746 Wind/PV
Ladislao Cabrera 22 74 154,893 182,051 Wind/PV
24 94 177,639 209,219 Wind/PV
375214 440494 Wind/PV.
258,298 304,031 Wind/PV.
312,948 367,181 WindMPV

Selected
Plan

Capacity of Distance Economic Financial
System from nearest Cost Cost
kw) grid (km) (USS) (Uss)
23 64 125,382 147,296 Wind/PV
521 88 282132 332462 Wind/PV
0 72 445512 525313 Wind/PV
Chachadomani 0 100 271,738 294,674 | WindMPVH

Selected
Plan

Priority of Project Implementation

Distance from the grid

Investment cost per household

Preparedness of the project

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

Allocated Scores for Priority Selection

Distance

80 km and over CEnis Objective Capacity Investment
60 km and over, less than 80 km HHs (kw) Cost (USS)
Lessthan 80 km
Size of Objective Households Okoruro 48 251,624
A 80 and over Charana 150 678,437
B 40 and over, less than 80 km
C Less than 40 Chinocabi 44 198,042
Investment Cost (US$/HHs)

A Lessthan 5,000
B 5,000 and over, less than 6,000 Caripe 30 122,364
C 6,000 and over
Project Preparation (Wind Data, F/S)
F/S report is existing Chachacomai 267,426
Limited data available
No F/S report

Rio Blanco 36 172,464

Copasa 146 432,575

Total 2,122,931




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

Objective Capacity Investment

Cantons HHs (&) (kw) Cost (US$)

Eabaroa 32 22 150,150

Greal Perez 30 22 149,062

Ladislao Cabrera 34 22 150,150

Catacora 74 56 363,140

Pairumani Grande 46 36 250,536

Pojo Pajchiri 60 46 303,030

Lagunas 62 38 273,938

Total 338 242 1,640,006

Identification of Candidate Sites

m Evaluation of the PV potential

m PV followed
Grid Extension
Micro-Hydro,
Wind Power

Possible Sites for PV in La Paz

3) PV System Development Plan

Criteria for Selection

m Outside the Plan of Grid Extension

m L ow Population Density

m Basic Human Needs

Possible Sites for PV in Oruro

(ERLTIELY
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Phase
Phase 1 Phase 2
Total
BT (2002 - 2006) (2007 - 2011)

LaP 177 3,361 3,538 i 1

aPaz , , (4) Grid Extension Plan

Oruro 2,235 4,637 6,872

Total 2,412 7,998 10,410

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

Grid Line Extension Plan (2011)
Grid Line Extension Plan for 2007-2011
Projected by prioritizing

- The cantons with the priority A and B
the non-electrified
cantons by the criteria
- Criteria
Population density

Distance from the existing grid line
Basic Needs

(ERLTIELY
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rall Projection of Rural Electrification

2000 2002

2
[Total Na of Rural Housholds 231,879

Existing No, o HHswith Electrici

[5a00ql
New Bereciiay HHswith Electrici

[Total Na of Rural HHswith Electricit 5
Rural Electification Rate (% 25.3%

ecreain N g HHs by Dies

cation Rak

5) Overall Projection of Rural Electrification

Number of New Beneficiaries

Phase | (2002-20 Phase |l ( 2011)

[ [ Preieoo22o0s) [ Preseii(or2oty
| Gid [ 0000000 e[| 00000 eox |
=V Y- =
YT - T
[ wing [ 000000 ae] 0000000 ez
[ Toa [ 000000 sew [ 00000 uoo |

(6) Environmental Impact
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6) Environmental Impact

Emission of Carbon Dioxide (ton)

= Calorie Necessary for Bectricity Generation (2,646 kcal/kWh x
Hectricity Generated x 1/10°) x Common Energy Unit Conversion
Factor (4.1868TJTcal) x Carbon Emission Factor (17.2tC/TJ) x
Fraction of Carbon Oxide (0.995) x 44/12

7. Institutional and Financial Plan

Proposed Implementing Structure

Guidarce far rural electrificationdevelopment
DUF

Application far firerce Evaltation and approval of the frqj ect plan
Preparation of a frq ect plan|
Consultants/ NGO

Prefecture Commission d frg ectmaragement
1) organization o
2) bidding
Application of arural 3) cantract
electrification prg ect 4) supervision

Supplier / Oparata (PV y/stam)
ConsiltantsNGO (Micro-hydropower)
Engineeringcangary /consuliants (WindPowe)

Installation Trainingof Operation andMainterance
for Coperative / REC

Provision of labar farces Paticipation of raining

Cooperative / REC (Users or Bereficiaries)

Organizing Cooperative o Rural Electrification Canmittee (REC)
under a guidarceof municipality and/ar consultantsNGO

Source: JIICA Study Team

Estimate of Reduction Amount of CO, (ton)

La Paz

| [ Phasel (20022006 | Phasell (2007-2011) |
_I—
Micoyaro | 379l  g6ai]

wind T ap| 0 s

[0}
| | Phacel(2002-2006) | Phaceli (2007-2010) |
v 0 000000 w0000 169]
Migohydro [ am] 00 sosl
wind [ 00000 o] 00000000 s
[ Tod | 000 agee] 0 2637

7.1 Implementing Structure

Proposed Operation and Maintenance System for
MHP and Wind Power Project

Staif. Chief (1) / Techrical assstart (1-2) / Accountart (1)

(a) Daily operation and maintenance
(b) Periodical mantenance | Technicd asdstart (1-2) I | Accountant (1) I
(c) MontHy charge collection and accounting

(d) Request of technical servicesto NGO/conaultart or engineering company

Maintenance contract Technical Services

NGO / Cantradtor (Micro-hydro power

Technica serviceswhen REC/cooperdtive requets

21



posed Operation and Maintenance System for
PV System Project

7.2 Fund Arrangement Plan

Usars
(@) Daily operation and maintenance
(b) Request of maintenance servi ces to REC

Staff: ?hi.ef/ Acc.uuntmt (1) and Technicd Assistants (1-2) Chief/ Accountant (1)
(@ Periodicd maintenance
(b) Monthly charge coll ection and accounting ’ .
R Technicd Assistants (1-2)
(9) Request of technical problems to supplier/operator
Request Technical service

System Supplier / Operator
Technicd savice when requested

2) Possible Source of Fund (Phase ) 7.3 Institutional Support

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

- Internal Source Research and Training
US$ 7.4 million

Planning Capacity | mprovement

Improved Coordination

Proposed Re-Organization of Electrification .
Development Unit (EDU) Flow Chart of Strengthening of the EDU Staff

Rural Electrifcation Developemnt Unit
(Lchief)
Expert(s) of rural dectrification planner
‘Administration of UNDP Project dispatched from international organi zations and foreign aids
ESMAP [N —— prpeie

1) Redefinition of planning function Reques to edefinition of furction
2) Training far EDU stalf dispatch term training in VM EH

Policyand Norm Information and Rural Energy Rural Isolated System and 3) On thejob training expert(s)
Statistics Dewelopment Electrification SIN development
(1 staffy (2 staff) (2 staff) (4 staff) (2 staff)

Enery Development Unit (EDU), ¥ "
i Energy Unit,
(Policy (1) Statistics - Monitorirg (1) Execution of Project/ (1) Isolated Small Prefectues

- Policy - Collection and Program System
- Strategy - Compilation Evaluation - Pre-investment and - Control of allocation
- Inventory Investment from foreign for gas oil Guidance

(2) Norm (2) Processing - Planning aids - Conversion of Continuous technology tr after this program v
- Law - System of - Preparation cooperatives
- Decree integrated of program (2) Financial support - Registration Municipaliies
- Regulation information - Negotiation - Technical assistance
- Norm - Request of financial S

support (2) National
- Portfolio Interconected System
- Agreement (SIN) for small systems

- Conversion

(3) Sector Evaluation - Registration
- Reseach - Technical assistance Source: JIICA StudyTeam
- Scope of Worls

Local cammunities

Source: VMEH and JIICA Study Team




Source: JIICA Study Team

Proposed National Council for Rural Electrification

VMEH
ViceMinister (chaimar)
Energy Development Unit (EDU) (coordiraton)

Intematiorel aidorganizations
Bilateral aid arganizations

National Council fa Rur al Electrification

Energy unitd Prefectures
(rural electrification panner)

Functions 1) to share ratioral policy /strateyy for rural electrification
2) to facilitae rural electrif
3) to pramoterenewable erery development
4) toinfom [rogressd rural electriication in prefectures
5) to discuss problemsandconstraints for rural electification

BublicQrganization PBrivate Scta
VIPFE and DUF(finarcial cooperation) - sysem supplier
University ard NGOs(technical @operatior) - distribution campary
- consultants.
- engireering compary

Establishing Research and Training Center
for Renewable Energy Development

to conduct an integrated research on
renewable energies

to demonstrate the resultsto the pubic

totrain the operation and maintenance skills
for local usersand rural electrification
committee/cooperative as well as private
sector

Recommendation on Technical Matters

PV System

to follow up O& M of PV systemsinstalled asa
pilot project in LaPazand Oruro by VMEH and
La Paz / Oruro prefectures

Micro-hydro Power
to carry out continuous measurement of water

level and discharge for the priority project sites
by La Paz/ Oruro prefectures

Proposed Regular Meeting with Local Government
by VMEH Staff

(1) toinform national policy and strategy for rural dectrification
(2) toassist technology for rural dectrification development
(3) tocoordinatefor financial arrangement

Energy Development Unit (EDU), visit and have mestings Energy Unit,
VMEH (quarterly) Prefectures

(1) toinform current Stuation of ongoing projects and local demand
(2) toinform problensand constraints of rural eledrification

partidpatemeetings

Source: JIICA Study Team

8. Recommendation

Recommendation on Technical Matters

Wind Power

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

to assist the private sector for the technology
development and promotion of wind power by
VMEH
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Recommendation on
Institutional Strengthening

Function of EDU of the VM EH

Coordination between the VMEH and prefectures
/ municipalities

Research and training function
Financial supporting function of the VM EH

Coordination between DUF and municipalities ant
continuous support for municipality under PRSP

Japan International Cooperation Agency
Vice Ministry of Energy and Hydrocarbons, BOLIVIA

- Third Seminar -
La Paz, September 3, 2001

The Study
On
Rural Electrification Implementation Plan
By Renewable Energy
In
The Republic Of BOLIVIA
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