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CINER
CNDC
COSUDE
CRE
DUF
ECOTEC
EDU
EDESER
EFP
ELECTROPAZ
ELFA
ELFEC
ELFEO
ENDE
ENERGETICA
ESAND
FNDR
FPS
IGM
IHH

INE
MDE
MDSP
NOGUB

PRONER
SE
SENAMHI

SERGEOMIN
SERNAP
SIN

STI
TDE
UMSA

Centro de Informacién en Energias Renovables
National Committee of Electricity Supply

Agencia Suiza para el Desarrollo y la Cooperacion
Cooperativa Rural de Electrificacion, Santa Cruz
Directorio Unico de Fondos

Ecotecnologias Energéticas y Productivas

Energy Development Unit, VMEH

Empresa de Servicios

Facilitator Team of PRONER Program
Electricidad de LaPaz S.A.

Empresade Luz y Fuerza Aroma

Empresade Luz y Fuerza de Cochabamba
Empresade Luz y Fuerza Electricade Oruro, SA.
National Electric Company

Energiaparae Desarrollo

Energia Solar AndinaS.R.L.

National Fund of Regional Development

National Fund of Productive and Social Investment
Instituto Geogréfico Militar

Instituto de Hidaulica e Hidrologia, UM SA
National Statistics Institute

Ministry of Economic Development

Ministry of Sustainable Development and Planning
Programa de Apoyo a Organizaciones ho gubernamental es

National Program of Rural Electrification
Superintendencia de Electricidad
Servicio Nacional de Meteorologia e Hidrologia

Servicio Nacional de Geologiay Mineria
Servicio Nacional de Areas Protegidas, MDSP
National Interconnected System

Interconnected Trunk System
Transportadora de Electricidad
Universidad Mayor de San Andres
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AECI
ESMAP
GEF
GTzZ
IDB
JCA
Kfw
NRECA
UNDP
UNEP
UNDCP
USAID
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GDP
NGO
O&M,0/M

VAT

4
AC
16(0)2
DC
FC
Grid

Hyd
LDC
MHP

Vice Ministry of Public Investment and External Financing
Vice Ministry of Environmental Natural Resources and Forestry
Development

Vice Ministry of Energy and Hydrocarbons

Spanish International Cooperation Agency

Energy Sector Management Program, World Bank
Global Environmental Facility, World Bank
German Technical Cooperation

Inter-American Development Bank

Japan International Cooperation Agency

German Financial Cooperation

National Rural Electric Cooperative Association
United Nations Development Program

United Nations Environmental Program

United Nations Drug Control Program

The US Agency for International Development, USA
World Bank

Gross Domestic Product
Non Governmental Organization
Operation and Maintenance

Vaue Added Tax

Alternative Current
Carbon Dioxide

Direct Current

Fuel Cell

Transmission Line

Head (m)

Hydraulic Generator
Load Dispatching Center
Micro Hydro Power



(

1 v)

© 3

WG
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mm

km
El.m
I/s

m3/s
mm 2
km 2
mg

ton, t

kW
MW
Wp
kWp
GWh
kWh
MVA
KVA
Ah
Hz
RPM
%

(6)

Bs
US$
M.US$

us‘

Solar Photovoltaic Cell
River Flow Discharge
Wind Generator

millimeter
meter
kilometer
Elevation in meter
liter per second
meter per second
cubic meter per second
sguare millimeter
sguare kilometer
milligram
metric ton
Volt
Watt
kilowatt
Megawatt
Watt peak
kilowatt peak
Gigawatt hour
Kilowatt hour
Megavolt ampere
Kilovolt ampere
ampere hour
Herts

Revolution (revs) per minute

percentage

Boliviano, Bolivian Currency

UsS Dollar
Million US Dollar

US cent
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(1) VMEH

)

“ ELECTRIFICATION RURAL Base de Datos “

Contents: population, source of energy

“ Reporte de Mediciones Estacion #3° CRE “
Contents; wind datain Santa Cruz

SENAMHI
1 10
11 12
LaPaz EL ALTO CHARANA
PATACAMAYA PUERTO ACOSTA
TIWANACU COLLANA
HICHUCOTA HUARINA ACHIRI
Oruro ORURO CARACOLLO CORQUE
HUACHACALLA COIPASA

SALINAS DE GARCI MENDOSA

-2



SENAMHI
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31

311

(1) SENAMHI

JCA

SENAMHI

2

©)

VMEH

(4 5 10

SENAMHI

-4

300

JCA

200
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312

3.2

D
1)

2)

3)

4)

5)

5
5 31
Achiri, Municipality : Caquiaviri
1609
977
(20kW), for hospital and public well

Charana, Municipality : Charana
1016
331
(135kW),

Ramon Gonzales Municipality : G.J.J.Perez
545
Household: 202
Chayazani 60kW

Isla Taquiri Municipality: Manco Kapac
300
100

Santiago de Llalagua Municipality: Colquencha
1537
498

-5



(2) Oruro

1) Theboundary between Comujo and Coipasa  Municipality : Coipasa

Comujo
150
25
Todos Santos 150kW
Coipasa
371
187
Todos Santos 150kW

Comujo Coipasa

2) CaripeMunicipality: C.de Carangas
206
93

3) ChachacomaniMunicipality : Turco
470
232

4) Sdinasde Garci Mendoza Municipality :S.Garci Mendoza
1564
1038

5) SevaruyoMunicipality: S.de.Quillacas
694
504
(60kW)

-6



3.2

321
(1)
1)
2)
3)
4)
5)
6)
)
a)
EDESER Co., Ltd.,
1) 1999 9 2 3 JICA
1. EDESER.Co.,Ltd., (EDESER)
2. CADEBadliviaS.A. (CADE)
3. CODIMEC SR.L.(COIMEC)
3 EDESER
b)
EDESER Co., 1997 1 250
125 35 90 Santa Cruz

-7
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2000
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(@

©

(b)

(d)

()
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(f)




(g) Caripe

(h) Comjo
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(4)

®)

JCA

10

VMEH

BP-20

DL9300

SIM

M -11




322

JCA
D
&
Reader
)
[ ]
[ ]
. Base Station
256
10
Term Reader
Term reader

3 NRG 9300
Base Station (

NRG 9300

Term Reader.

ASCII

12
SIM

53

Term reader

[ -12

Term

Base Station

10



Base Station

Parameters of Sensors

No. | Channel No.| Input Sensor Raw Sensor Output | Data Logger Output Range
1 1 Counter|Anemometer(20m) 0 to 120 Hz 0to 91.3 m/s
2 4 Counter]Anemometer(10m) 0 to 120 Hz 0 to 91.3 m/s
3 1 Analog |Wind Vane(20m) 0to25V 0 to 359 degrees
4 2 Analog |Wind Vane(10m) 0to25V 0 to 359 degrees
5 3 Analog |Pyranometer 80 to 100 y A/1000W/m]}0 to 3000 W/m2
6 4 Analog | Temperature Sensor Oto25V -40 to 52.5
7 5 Analog |Barometer Oto5V 78.5 to 108.6 kPa
8 6 Analog |Relative Humudity Sensor |0 to 5 V 0 to 100 %
- JICA
—oed
Pl
\= ﬂ‘/ No. [Sensor
— e
\[ﬁ/ :uhnnq R:d o
- JICA

Wind Monitoring System

[ -13
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2000 2 2000 1
SIM 4
Collected Data
ID No. Site Collected data/ annual hours
1 Achiri 99.1%
2 Charana 99.1%
3 Gonzales 97.2%
4 Is. Tequiri 97.3%
5 Llalagua 90.6%
6 Comjo 100.0%
7 Caripe 99.6%
8 Chachacomani 99.6%
9 Sdlinas 90.5%
10 Sevaruyo 91.8%
JCA
31
3.3
331
3 2 8
10 4 m/s
10 20 1
20
Charana
Gonzales

I -14

Ramon

Achiri, Taquiri



Santiago de Llallagua Charana
ID No. Site Name 1121341516 ]7]18]191f10f11]12
1 ACHIRI 28|3.0(26|23]|25]27]31(3.0(36]|32|37]|34
2 CHARANA 35|41(40(35(36|42|43]|43[51[49(57]|52
3 'RAMON GONZALES 11(17]|14)117]19]24(26(22|21]|18|22]|17
4  TAQUIRI 32|32[27(28(25|25]|27]29|30(33[33]|34
5 STGO.DE LLALLAGUA 26132[(24125130]36[39(35(35]129]13.0]3.0
JCA
& ACHIRI
B CHARANA
A RAMON GONZALES
XTAQUIRI
@ STGO. DE LLALLAGUA
Month
JCA
Comjo  Coipasa
Caripe  Chachacomani 3
ID No. Site Name 12 ([3|4]|5]6]7]8]9 ] [10f11(12
6 COMJO & COIPASA 50(52(50|46|46(50|56|54(59|58|64(58
7 | CARIPE 32|38(36]|33|43([57]|55|52(63]|50(58(48
8 | CHACHACOMANI 25(35(29|34|42(53]|65|59(58|3.7]|46(35
9 |SALINAS - 135]35(32|35]|44(48|40]|47|35(37]39
10 SEVARUYO 29131(31)131(32(30]36[34(34134[39(35
JCA

[ -15



4 COMJO & COIPASA
M CARIPE

A CHACHACOMANI

X SALINAS

® SEVARUYO

Month

JCA

3.3.2
60m/s

20 10
Charana Achiri Taquiri Ramon Gonzales

Charana
7 Santiago de Llalagua 17.4 m/s

@ ACHIRI

B CHARANA

A RAMON GONZALES

X TAQUIRI

@ STGO. DE LLALLAGUA

V (m/s)

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

Monthly Maximum Speed in La Paz

[ -16



Sevaruyo
27m/s

Chachacomani Comjo Coipasa

7 Chachacomani

# COMJO & COIPASA
m CARIPE
A CHACHACOMANI
X SALINAS
@ SEVARUYO
5 L
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
Monthly Maximum Speed in Oruro
333
2000 2 2001 1 Charana
44 m/s 13 23
m/s Charana 19 21 30
Santiago de Llallagua
Gonzales Taquiri

-1z

7.0

Achiri

Ramon



10.0

V (m/s)

& ACHIRI

= CHARANA

A GONZALES

X TAQUIRI

e STGO. DE LLALLAGUA

Sdlinas  Sevaruyo

2000 2 2001 1 Comjo Coipasa
5.3m/s 13
Chachacomani 13
6.2m/s Caripe 4.8m/s
13 23 6.6m/s

120
© COMJO & COIPASA
m CARIPE

100 1 A CHACHACOMANI
X SALINAS
® SEVARUYO

V (m/s)

0.0

[ -18

7.4m/s



334

2000 2
33 34 2000 2 2001 1
Taquiri Charana
Ramon Gonzales Santiago de Llalagua
Comjo  Coipasa Caripe Chachacomani
Sevaruyo
335
A
A 35
Isla Taquiri
Idla Taquiri 2 3m/s
Coipasa, 3 5mis
1 3m/s
3.36
2000 2 5
Chachacomani, Salinas Sevaruyo
31

[ -19

2001 1

Achiri Isla

Sdlinas

3.6
100%

0 2m/s

Comjo



4.1

100

4.2

PRE-F/S

41 4.2

4.0m/s
20

4.0 m/s
2.5 m/s
1000

Wind Speed (m/s) Scoring Point

4<=V
3.5<=V <40
3.0<=V <385
2.5<=V <3.0

V<25

5

PN WA~

[ -20



Population Scoring Point
1000<=V 5
750<=V <1100 4
500<= V <750 3
250<=V <500 2
V <250 1
3.
Recommendation Scoring Point
A 5
B 4
C 3
D 2
E 1
10
Pre-F/S
Recommendation
ID No. Site Name Wind (m/s) point_|Population point by Prefecture point | Total Point Rank
La Paz 1 Achiri 32 3 1642 5 B 4 12 2
2 Charana 44 5 1037 5 A 5 15 1
3 Gonzales 20 1 500 3 C 3 7 4
4 Is. Taquiri 29 2 300 2 D 2 6 5
5 Llallagua 3.0 3 1538 5 E 1 9 3
Oruro 6 Coipasa / Comjo 53 5 450 2 C 3 10 2
7 Caripe 4.6 5 208 1 B 4 10 2
8 Chachacomani 48 5 476 3 A 5 13 1
9 Salinas 3.2 3 1603 5 E 1 9 4
10 Sevaruyo 3.0 3 698 3 D 2 8 5
JCA
3 1 Pre-F/S
1 Charana
1 Chachacomani
2 Caripe

[ -21



5 PRE-F/S

300mm

51
6,000
7 -18.4
S17° 35 48"
W 69° 26’ 56"
4,054 m
O
LaPaz
@)
) Charana

[ -22

4,054

233km

51




5.2

521
(1)

)

©)

135kVA 80
30Bg/
25Bs/
200
200

522

D

51

1992 1,037 2000

19:00 21:30

5B¢/

150

[ -23

1,016

60

2005
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Electric Total Power = Annual Power
Consumption  Energy Consumption | Consumption
Household Electric appliance No. Power (W) (hours/day) (kWh/day) (kWh/day) (kWh/year)
1 Household CF Light 1 12 4 0.048
(small) 60W Light 2 60 4 0.48
Radio 1 15 8 0.12 0.65 260
2 Household CF Light 2 12 5 0.12
(large) 60W Light 2 60 5 0.6
AM/FM stereo 1 20 4 0.08
TV set(19"color) 1 60 4 0.24
Water pump 1 100 3 03 1.34 538
JICA
Electric Total Power = Annual Power
Consumption  Energy Consumption = Consumption
Micro-enterprise Electric appliance No. Power (W) (hours/day) (kWh/day) (kWh/day) (kWh/year)
1 Cafe(small) CF Light 2 12 5 0.12
60W Light 1 60 2 0.12 119
Radio 1 20 6 0.12 0.40 (300days/year)
2|Cafe(large) CF Light 3 12 5 0.18
60W Light 1 60 2 0.12
Blender 1 350 1 0.35
Stereo 1 55 2 011 330
TV set(25"color) 1 120 2 0.24 1.10 (300days/year)
3/Store (small) CF Light 2 12 3 0.072
60W Light 2 60 2 0.24 129
Radio 1 20 4 0.08 0.43 (300days/year)
4 Store (large) CF Light 2 12 3 0.072
60W Light 2 60 2 0.24
Radio 1 20 4 0.08 525
Refridgrrator 1 120 10 1.2 1.75 (300days/year)
5|Office (small) CF Light 2 12 3 0.072
60W Light 2 60 3 0.36
TV set(19"color) 1 60 2 0.12
Computer set 1 155 3 0.465 362
Printer 1 500 0.5 0.25 1.39 (260days/year)
6 Office (large) CF Light 4 12 6 0.288
60W Light 4 60 10 24
Computer set 3 155 6 2.79
Printer 1 500 1 05
TV set(25"color) 1 120 2 0.24 1813
VCR 1 120 1 0.12 6.97 (260days/year)
7 Small Industry ~ 60W Light 2 60 1 0.12 163
(Sewing) Sewing machine 1 75 5 0.375 0.54 (300days/year)
JICA

[ -24



©)

(4)

Electric Total Power  Annual Power
Consumption  Energy Consumption | Consumption
Public Facility Electric appliance No. Power (W) (hours/day) (kWh/day) (kWh/day) (kWh/year)
1 Community CF Light 8 12 6 0.576
Center 60W Light 2 60 6 0.72
(large) TV set(25"color) 1 120 3 0.36
VCR 1 120 1 0.12 524
Stereo 1 55 1 0.055 2.01 (260days/year)
2 School CF Light 44 12 6 3.168
(8 class room)  60W Light 6 60 12 432
TV set(25"color) 3 120 2 0.72
VCR 2 120 1 0.24 2151
Stereo 1 55 1 0.055 9.35 (230days/year)
3 Health Clinic CF Light 6 12 6 0.432
(large) 60W Light 2 60 6 0.72
Vaccine Refrige. 1 60 24 144
VHF radio(stand-by) | 1 2 24 0.048
VHF radio 1 30 1 0.03
Vaporizer 1 40 2 0.08 1073
Water Pump 1 100 5 0.5 3.58 (300days/year)
JICA
Item Number
Households large 30
small 120
Cafdl large 3
small 5
Store large 2
small 3
Office large 3
small 4
Small business - 10
community center large 1
School large 3
Health clinic large 1

JCA

[ -25



52

26kW 20

30

25

20

Demand (kW)

10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Time

65,678kWh

Demand
Month kWh/Mo
Jan 5,328
Feb 4812
Mar 5,626
Apr 5,445
May 5,626
Jun 5445
Jul 5,626
Aug 5,626
Sep 5,445
Oct 5,626
Nov 5,445
Dec 5,626
65,678
JICA

[ - 26

21



6,000

kWh/Mo

Demand

5000 r

S 4,000

= 3,000

2,000

1,000 |

Jun  Jul Oct

Month

Jan Feb Mar Apr May Aug  Sep Nov

Dec

5.3

531

4,37 m/s

20

8 3.9m/s

10 11 12

Month

Month

(ml/s)

(ml/s)

1 2 3 4 5 6 7 8

9

5.2m/s

10 11 12

Average Wind Speed (m/s) |35 41 40/35 36 42 43 43 51 4957 5.2

JCA

[ -27



14 20
0 12
140
L X
120 xx
— X
£ 100 m X
E !.. X @ Jan. to March
3 80 X m *n x M April to Jun.
L * x July to Sep.
» 60 x 3 ’. X Oct. to Dec.
£ ]
S 40 Tx x 9 v
-.?fx [ ]
20 [ "O8 g, . xH
xxZm
0.0 ! L] !
0 2 4 6 8 10 12 14 16 18 20 22
Time (hr.)
m/s
20 10
15.8 m/s
Charana
20
18 | _
16t _ 1 -
5 _ I —
314 -
- 12
810
o
v gt
26l
= 4l
2 L
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
(ml/s)
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(ml/s)

Month 1 2 3 4 5 6 7 8 9 10 11 12
Average Wind Speed (m/s) 143 152 148 147|147 150 16.2 165 155 17.1 17.2/17.4
JICA
51
53
52
53
k A
A k 115 A 45
k
54
10
150 W/m?
55
20 0.3
0.3

[ -29
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14 20

2000 2 2001 1

12 1000
1 900
dl mPV e > 1 80

i 1 700
1600
1500
e 1 400
1 300
1 200

” 1{ 100
0O 0

16 18 20 22

V (m/s)
R (W/m2)

Hours

1 -30



54

VMEH

Wind speed (m/s)

m— V)

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Month

=
o

O P N W b U1 O N 0O ©
Solar radiation (kWh)

[ -31



. PV 8 17
80 1 PV
12kWp
80kW 16kWp
1 2 3 4 5
Wind (kW) 100 90 80 70 60
PV_(kWp) 5 11 16 22 28
Total (USD) 295,000 311,000 320,000 336,000 352,000
JCA
55
551
)
[ ]
[ ]
[ ]
[ ]
BWC10kW
BWC10kW

[ -32



Power output (kW)

0 10 20 30 40
Wind speed (m/s)

50

BWC 10kW

BWC 10kW
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)

Wind

Daily energy output
Capacity Factor
Availability

27.67 kWh/day
115 %
68 %

JCA

122,560kWh

[ -34

: Input V_(mph) kw Probability (f) |Net kW
Rated power output 10 kw 0 0 5.783% 0.00
Weibull shape parameter 1.15 2 0 13.217% 0.00
Weibull scale parameter 52 4 0 12.557% 0.00
Wind Speed at anemo. high 4.4 m/s 6 0 11.226% 0.00
Time period (Annual) 8760 hr 8 0.2 9.763% 0.02
Time period (Month) 744 hr 10 05 8.348% 0.04
Time period (Day) 24 hr 12 0.9 7.052% 0.06
Anemo. Height 20 m 14 1.2 5.903% 0.07
Altitude 4054 m 16 1.8 4.904% 0.09
Temperature 51 18 27 4.048% 0.11
Barometric pressure 779 hPa 20 36 3.324% 0.12
Terrain roughness 02 m 22 45 2.716% 0.12
Hub height 36 24 5.7 2.210% 0.13
Pef. Safety Margin 5 26 6.8 1.792% 012
Standard air density 1.225 kg/m"3 28 8 1.447% 0.12
Std. Barometric pressure 1013 hPa 30 9.3 1.165% 0.11

32 10.7 0.936% 0.10

: Result 34 114 0.749% 0.09
Wind Speed at hub high 492 m/s 36 12 0.598% 0.07
Air density 0.976 kg/m"3 38 11.8 0.477% 0.06
Air density ratio 0.80 40 116 0.379% 0.04
Average power output 152 kW 42 11.2 0.300% 0.03
Annual energy output 10101 kWh/year 44 10.7 0.238% 0.03
Monthly energy output 858 kWh/Mo Totals : 99% 1.52



Monthly Power Generation of

Generation
Month kWh/Mo
Jan 8,328
Feb 7,765
Mar 10,034
Apr 8,687
May 8,684
Jun 9,131
Jul 9,840
Aug 10,340
Sep 11,582
Oct 11,575
Nov 13,977
Dec 12,616
122,560
JCA
55.2
PV
VMEH
54
ltem Capacity
Wind Turbine 80 kW
Photovoltaic 16 |kWp
Inverter 64 kVA
Converter 20 kVA
Battery 44 kAh
JICA
553
D
1) 2001 6
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)

554

12

2)
3)

4)

5)

6)

5.6

9%

IVA (13%) (3%)

US$ = Bs6.53, US$= JPY 120.5

US$ 817,798

Unit : US$.

Item Cost
1. Wind generator, PV system, etc. 478,822
2. Distribution Line 35,885
3. Ingtallation Works 144,000
4. Transportation 92,946
5.Direct Cost Total 751,653
6. Administration and Engineering Service. 66,145
Total Construction Cost 817,798
JCA
4
8
4 5.6
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57

NGO
NGO
NGO
NGO
NGO
NGO
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6 PRE-F/S
6.1
272km
4,149
6.0
-12.0 2
400mm
L ocation
S18° 00'46"
W 68° 50'37”
4,149m
6.2
6.2.1
6.1
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)

1992 208 2000 206
2
300
©)
10 30Bs 28
6.2.2
Charana
2005
«y
Electric Total Power = Annual Power
Consumption  Energy Consumption = Consumption
Household Electric appliance No. Power (W) (hours/day) (kWh/day) (kWh/day) (kWh/year)
1/Household CF Light 1 12 4 0.048
(small) 60W Light 2 60 4 0.48
Radio 1 15 8 0.12 0.65 260
2 Household CF Light 2 12 5 0.12
(large) 60W Light 2 60 3 0.36
AM/FM stereo 1 20 4 0.08
TV set(19"color) 1 60 4 0.24
Water pump 1 100 3 0.3 1.10 442
JICA

I -41
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Electric Total Power = Annual Power
Consumption  Energy Consumption | Consumption
Micro-enterprise Electric appliance No. Power (W) (hours/day) (kWh/day) (kWh/day) (kwh/year) |
1 Cafe(small) CF Light 2 12 3 0.072
60W Light 1 60 3 0.18 123
Radio 1 20 6 0.12 0.41 (300days/year)
2 Store (small) CF Light 2 12 3 0.072
60W Light 2 60 3 0.36 169
Radio 1 20 4 0.08 0.56 (300days/year)
JICA
©)
Electric Total Power | Annual Power
Consumption |Energy Consumption = Consumption
Public Facility Electric appliance No. |Power (W) (hours/day) (kWh/day) (kWh/day) (kWh/year)
1 Community CF Light 4 12 2 0.096
Center 60W Light 2 60 1 0.12
(small) TV set(19"color) 1 60 1 0.06
VCR 1 120 1 0.12 129
Stereo 1 55 1 0.055 0.50 (260days/year) |
2 School CF Light 12 12 3 0.432
(3 class room) 60W Light 4 60 2 0.48
TV set(19'"color) 1 60 2 0.12
VCR 1 120 1 0.12 305
Stereo 1 55 1 0.055 1.33 (230days/year)
3 Health Clinic CF Light 5 12 5 0.3
(small) 60W Light 3 60 5 0.9
VHF radio(stand-by) = 1 2 12 0.024 414
VHF radio 1 30 1 0.03 1.38 (300days/year)
JICA
4

[ -42



6.2

Iltem Number

Households large 3

small 27
Cafd small 3
Store small 2
community center small 1
School small 1
Health clinic small 1

JICA
4.9kW

20

Demand (kW)

6.0

5.0

4.0

3.0

2.0

1.0

0.0

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Time

9,951kWh

Monthly Power Demand of

Demand
Month kWh/Mo
Jan 845
Feb 763
Mar 845
Apr 818
May 845
Jun 818
Jul 845
Aug 845
Sep 818
Oct 845
Nov 818
Dec 845
Total 9,951
JICA

[l -43
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6.3
6.3.1
20
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1 2 3 4 5 6 7 8 9 10 11 12
Month
(ml/s)
(m/s)
Month 1 2 3 4 5 6 /7 8 9 10 11 12

Average Wind Speed (m/s) 3.2/38 36 33/43 57 55 52/63 50 58/4.8

JCA
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(ml/s)

Month 1 2 3 4 5 6 7 8 9 10 11 12
Average Wind Speed (m/s) 12.2/13.3 137 13.3/126 125 179 175|138 139 16.1 14.6
JICA
6.1
6.3
6.2
6.3
k A A
k 148 A 5.4
k
6.4
Charana
10
150 W/m?
6.5
20 0.3
0.3
6.3.2
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6.4

1.
2 PV
3.
VMEH
P\/
[ ]
2
° PV 8
80
2kWp
[ ]
[ ]
2
10kW 4kWp
No. 1 2
Wind (kW) 20 10
PV (kWp) 0 4
Investment cost (USD) 54,000 55,000

JCA

[l - 48

17



6.5

6.5.1

)

BWC10kW

BWC10kW

Power output (kW)

0 10

20 30 40
Wind speed (m/s)

50

BWC 10kW
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Wind

Daily energy output
Capacity Factor
Availability

30.80 kWh/day
12.8 %
79 %

JCA

Charana

22,643 kWh

[11-50

: Input V_(mph) kw Probability (f) |Net kW
Rated power output 10 kW 0 0 2.091% 0.00
Weibull shape parameter 1.48 2 0 8.094% 0.00
Weibull scale parameter 6.0 4 0 10.264% 0.00
Wind Speed at anemo. high 4.7 m/s 6 0 10.920% 0.00
Time period (Annual) 8760 hr 8 0.2 10.706% 0.02
Time period (Month) 744 hr 10 05 9.967% 0.05
Time period (Day) 24 hr 12 0.9 8.933% 0.08
Anemo. Height 20 m 14 1.2 7.768% 0.09
Altitude 4149 m 16 1.8 6.587% 0.12
Temperature 6.0 18 2.7 5.465% 0.15
Barometric pressure 765 hPa 20 36 4.448% 0.16
Terrain roughness 0.25 m 22 4.5 3.557% 0.16
Hub height 36 24 5.7 2.799% 0.16
Pef. Safety Margin 5 26 6.8 2.170% 0.15
Standard air density 1.225 kg/m"3 28 8 1.659% 0.13
Std. Barometric pressure 1013 hPa 30 9.3 1.252% 0.12

32 10.7 0.933% 0.10

: Result 34 114 0.688% 0.08
Wind Speed at hub high 5.44 m/s 36 12 0.501% 0.06
Air density 0.955 kg/m"3 38 11.8 0.361% 0.04
Air density ratio 0.78 40 116 0.257% 0.03
Average power output 1.73 kW 42 11.2 0.182% 0.02
Annual energy output 11241 kWh/year 44 10.7 0.127% 0.01
Monthly energy output 955 kWh/Mo Totals : 100% 1.73



6.5.2

6.5.3

D

1)
2)
3)

4)

5)

Monthly Power Generation of

6.4

Generation
Month kWh/Mo
Jan 1,750
Feb 1,239
Mar 1,508
Apr 1,341
May 1,673
Jun 2,157
Jul 2,164
Aug 2,057
Sep 2,551
Oct 1971
Nov 2,332
Dec 1,899
Total 22,643
JICA
P\/
Iltem Capacity
Wind Turbine 10/kwW
Photovoltaic 4 kWp
Inverter 8 kVA
Battery 8 kAh
JICA
2001 6
9%
IVA (13%) (3%)

I -51
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6.6

6.5.4

Charana

6.6

6)

US$ = Bs6.53, US$= JPY 120.5

US$ 147,296

Unit : US$.

Item Cost

1. Wind generator, PV system, etc. 88,405
2. Distribution Line 11,040
3. Ingtallation Works 21,000
4. Transportation 14,938
5.Direct Cost Total 135,382
6. Administration and Engineering Service. 11,914
Total Construction Cost 147,296

JCA
4
4 6.6
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6.7
NGO

NGO

NGO

NGO

NGO

NGO

NGO
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D

1992 476 2000 470
2
15km Tambo Quemado
©)
10 30Bs 80
PV
7.2.2
2005
(1) Demand for Household Use
Electric Total Power = Annual Power
Consumption |Energy Consumption = Consumption
Household Electric appliance No. Power (W) (hours/day) _ (kWh/day) (kwh/day) (kWh/year)
1 Household CF Light 1 12 4 0.048
(small) 60W Light 2 60 4 0.48
Radio 1 15 8 0.12 0.65 260
2 Household CF Light 2 12 5 0.12
(large) 60W Light 2 60 3 0.36
AM/FM stereo 1 20 4 0.08
TV set(19"color) 1 60 4 0.24
Water pump 1 100 3 0.3 1.10 442

JCA
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Electric
Consumption  Energy
Micro-enterprise |Electric appliance No. Power (W) (hours/day) (kWh/day)

Total Power = Annual Power
Consumption = Consumption
(kWh/day) (kWh/year)

1 Cafe(small) CF Light 2 12 5 0.12
60W Light 1 60 5 0.3 178
Radio 1 20 6 0.12 0.59 (300days/year)
2 Store (small) CF Light 2 12 3 0.072
60W Light 2 60 2 0.24 129
Radio 1 20 4 0.08 0.43 (300days/year)
JCA
©)
Electric Total Power = Annual Power
Consumption  Energy Consumption | Consumption
Public Facility Electric appliance No. |Power (W) (hours/day)  |(kWh/day) (kwh/day) (kwh/year)
1|Community CF Light 4 12 2 0.096
Center 60W Light 2 60 1 0.12
(small) TV set(19"color) 1 60 1 0.06
VCR 1 120 1 0.12 129
Stereo 1 55 1 0.055 0.50 (260days/year) |
2 School CF Light 12 12 3 0.432
(3 class room)  60W Light 4 60 3 0.72
TV set(19"color) 1 60 3 0.18
VCR 1 120 1 012 381
Stereo 1 55 1 0.055 1.66 (230days/year) |
3 Health Clinic CF Light 5 12 5 0.3
(small) 60W Light 3 60 5 0.9
VHF radio(stand-by) =1 2 12 0.024 414
VHF radio 1 30 1 0.03 1.38 (300days/year)
JCA
4
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[tem Number

Households large 14

small 56
Caf] small 3
Store small 4
community center small 1
School small 1
Health clinic small 1

JICA
9.7kW
7.2

12,0

Demand (kW)

00

100

80 r

60 r

40

20

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

Time

20,440kWh

Monthly Power Demand of

Demand
Month kWh/Mo
Jan 1736
Feb 1568
Mar 1736
Apr 1680
May 1736
Jun 1680
Jul 1736
Aug 1736
Sep 1680
Oct 1736
Nov 1680
Dec 1736
Total 20,440

JICA
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Month

1 2

(ml/s)

3 4

5

6

7

8

9

10 11 12

Average Wind Speed (m/s) |25 35 29134 42 53 65/59 58 3.7 46 35
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Chachacomani
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Wind speed (m/s)
&
o

100
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0.0 e
1 2 3 4 5 6 7 8 9 10 11 12
Month
Monthly Maximum Wind Speed (m/s)
Monthly Maximum Wind Speed (m/s)
Month 1 2 3 4 5 6 7 8 9 10 11 12
Average Wind Speed (m/s) 109 13.3 134 148 175 16.6 27.1 232 183 141 184 135
JCA
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VMEH

7.5

751

)

1)

2)

US$347,066

20 kw

40KW PV 9kWp

US$ 252,969

[l -65
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BWC10kW
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Power output (kW)
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Wind

[ - 67

» Input V (mph) kW Probability (f) Net kW
Rated power output 10 kW 0 0 8.102% 0.00
Weibull shape parameter 1.03 2 0 14.944% 0.00
Weibull scale parameter 49 4 0 12.766% 0.00
Wind Speed at anemo. high 43 m/s 6 0 10.768% 0.00
Time period (Annual) 8760 hr 8 0.2 9.033% 0.02
Time period (Month) 744 hr 10 05 7.552% 0.04
Time period (Day) 24 hr 12 0.9 6.298% 0.06
Anemo. Height 20 m 14 12 5.243% 0.06
Altitude 4220 m 16 1.8 4.359% 0.08
Temperature 6.2 18 2.7 3.619% 0.10
Barometric pressure 758 hPa 20 3.6 3.002% 0.11
Terrain roughness 02 m 22 45 2.488% 0.11
Hub height 36 24 5.7 2.060% 012
Pef. Safety Margin 5 26 6.8 1.705% 0.12
Standard air density 1.225 kg/m"3 28 8 1.410% 0.11
Std. Barometric pressure 1013 hPa 30 9.3 1.166% 011

32 10.7 0.963% 0.10

: Result 34 11.4 0.795% 0.09
Wind Speed at hub high 484 m/s 36 12 0.656% 0.08
Air density 0.946 kg/m"3 38 11.8 0.541% 0.06
Air density ratio 0.77 40 11.6 0.447% 0.05
Average power output 1.49 kW 42 112 0.368% 0.04
Annual energy output 9561 kWh/year 44 10.7 0.303% 0.03
Monthly energy output 812 kWh/Mo Totals : 99% 1.49
Daily energy output 26.20 kWh/day
Capacity Factor 109 %

Availability 63 %
JCA
3kwW



14,000

10,000

8,000

6,000

4,000

Monthly Product Energy (kWh/month)

2,000

Jan. Feb. Mar Apr May Jun Jul

M onthly Energy Generation (kWh) of Chachacomani M HP (Rio Jaruma)

—— 17KW, Q50%
—— 14KW, Q60%
6.1kW, Q70%
6.1KW, Q80%
—— 30kW, Q86%
—— 28WQ%
—— 1AW, QI5%

Estimate of Projected Power Estimation

©)
42,671 kWh
Monthly Power Generation of
Generation
Month kWh/Mo
Jan 3,417
Feb 2,648
Mar 3,087
Apr 2,965
May 3,270
Jun 3,609
Jul 3,812
Aug 4,695
Sep 3,787
Oct 4,256
Nov 3,236
Dec 3,888
Total 42,671
7.5.2

[l - 68
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7.5.3

)

2

1)
2)
3)

4)

5)

6)

7.6

ltem Capacity

Wind Turbine 20 kW
MHP 3/kwW
Inverter 14 kVA
Converter 10 kVA
Battery 4 kAh
JCA
2001 6
9%
IVA (13%) (3%)
US$ = Bs6.53, US$= JPY 120.5
US$ 297,674
Unit : US$.
Item Cost
1. Wind generator, PV system, etc. 209,242
2. Digtribution Line 15,000
3. Installation Works 30,000
4. Transportation 16,598
5.Direct Cost Total 270,840
6. Administration and Engineering Service. 23,834
Total Construction Cost 294,674

JCA
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8.1

811

)

1)

2)

3)

4)

1US

EIRR

EIRR

120.5

2001

6.53

6

20
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us

. . Charana Caripe Chachacomani (W-M)
Unit UthOSJ Units | Cost | Units | Cost | Units Cost
Wind Turbine kW 2,700 80[216,000 10| 27,000 20 54,000
PV System kw 7,000 16{112,000 4] 28,000 0 0
MHP kW 34,250 0 0 0 0 3 102,749
Inverter kVA 500 64| 32,000 8| 4,000 14 7,000
Converter kVA 180 20| 3,600 0 0 10 1,800
Battery kAh 500 44] 22,000 8| 4,000 4 2,000
Control House (Lvillage)| 10,000 1{ 10,000 1| 10,000 1 10,000
Installation Materials kW 690 96| 66,207 14| 9,655 20 13,793
Installation Work kW 603 96| 57,931 14| 8,448 20 12,069
Transportation kg 8| 11,200] 92,946] 1,800] 14,938 2,000 16,598
Secondary Distribution Line [km 3,409 - 29,904 - 9,200 - 12,500
Administration (8.8%) - - - 56,548 - 10,141 - 20,461
Total Investment Cost - - - [699,136 - 125,382 - 252,969
JICA

20

PV/MHP 20

10

10

6

20

20

o&M
PV/MHP 2%
2.5%

5)
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. : Charana Caripe Chachacomani
Unit|Unit Coal Units | Cost | Units | Cost Units Cost
Capacity of the Diesdl Generator kW 750 65| 48,750 10[ 7,500 20| 15,000
Automatic Transfer Switch - 1,910 1] 1,910 1f 1,910 1 1,910
Protection Box - 917 1 917 1 917 1 917
Building - 1,500 1] 1,500 1| 1,500 1| 1,500
Secondary Distribution Lines km - - 29,904 - 9,200 - 12,500
Total - - - 82,981 - 21,027 - 31,827
o&M
5%
2.5%
By
3.19 3.28 3.28
3
kWh/ 122,560 22,643 42,671
/ 53,420 13,032 20,405
us / 26,096 6,546 10,250
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8.1.2

10

EIRR

10
10
10
20
3
8.1 8.3
EIRR
-2.6% 1.0% -0.9%
EIRR
EIRR
PV
EIRR 22 8
o&M
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D

O&M
1)
. . Charana Caripe Chachacomani (W-M)
Unit UnltCOSII Units | Cost | Units | Cost Units Cost
Wind Turbine kwW 3,238 80| 259,070 10| 32,384 20 64,768
PV System kw 8,746 16]139,933 4] 34,983 0 0
MHP kW 40,000 0 0 0 0 3 120,000
Inverter kVA 600 64| 38,381 8] 4,798 14 8,396
Converter kVA 216 20| 4,318 0 0 10 2,159
Battery kAh 580 44| 25,520 8| 4,640 4 2,320
Control House (Lvillag 11,600 1] 11,600 1| 11,600 1 11,600
Installation Materials kW 800 96| 76,800 14| 11,200 20 16,000
Installation Work kW 700 96| 67,200 14] 9,800 20 14,000
Transportation kg 8| 11,200] 92,946 1,800| 14,938 2,000 16,598
Secondary Distribution Line km 4,091 - 35,885 - 11,040 - 15,000
Administration (8.8%) - - - 66,145 - 11,914 - 23,834
Total Investment Cost - - - 817,798 - 147,296 - 294,674
JICA
VAT 13%
3%
14.94%
5%
20%*

2)
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)

150 30 70
kwWh/ 265 252 258
KWH 39,750 7,560 18,060
KWh 25,028 2,301 2,380
KWh 65,678 9,051 20,440
3) O&M
O&M
15
O&M
O&M 9,731US 1,719US
4,708US O&M
0o&M us
/KWh 0.12 0.15 0.22
2.65 3.15 473
1)
1
30Bs 4.59US
265kWh O&M
2.65US 0.12US  /kWhx 265kWh+ 12
O&M 100
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2)

34.1Bs
5.22US
252kWh
O&M
3.15US 0.15US /kWhx 252kWh=+ 12
Oo&M 100
3)
30Bs
4,59US
258kWh
O&M
4,73US 0.22US /kWhx 258kWh+ 12
1 24
8.2
8.2.1
20010 5 5
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JCA
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N

11

Lapaz Ingavi Tiawanacu UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
87 0 4 3 4 4 3 3 2 4 4 3 4 3.2
88 3 3 0 0 0 0 0 0 4 0 0 4 1.2
89 4 4 3 3 3 2 2 2 3 4 3 4 31
90 4 3 3 2 3 3 2 2 3 4 3 3 2.9
91 3 3 3 - - - - - - - - - 3.0
92 - - - - - - - - - - - - 0.0
93 5 6 4 3 6 5 6 5 4 6 4 5 49
94 2 3 2 2 0 0 2 2 2 2 2 2 18
9% 6 5 5 4 4 4 4 5 6 5 6 6 5.0
9% 6 5 6 0 3 0 2 6 7 6 6 7 45
97 6 6 6 6 5 6 4 4 5 5 5 5 53
98 4 5 6 5 4 4 4 7 6 6 6 4.8
ave. 39 42 37 29 32 27 29 35 44 42 38 44 37
( Source : SENAMHI )
Lapaz Aroma Collana UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
86 0 0 0 0 0 0 0 0 0 0 0 0 0.0
87 0 0 0 0 0 0 0 0 0 0 0 0 0.0
88 0 0 0 0 0 0 0 0 0 0 0 0 0.0
89 3 2 2 2 2 2 5 3 4 3 4 2 2.8
0 o0 0 0 0 0 0 0 0 0 0 0 0 0.0
91 3 3 0 0 0 4 0 4 0 0 4 0 15
92 0 0 0 0 4 4 4 4 6 3 0 4 24
93 0 0 0 0 0 0 4 3 3 0 0 0 0.8
94 4 3 2 3 2 3 4 4 4 3 3 3 3.2
95 0 2 2 0 2 0 2 2 3 2 3 3 18
ave. 10 10 06 05 10 13 19 20 20 11 14 12 13
( Source : SENAMHI )
Lapaz Los ArHichucota UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
86 5 4 3 3 3 5 4 5 4 10 6 8 5.0
87 5 9 10 6 7 8 3 4 5 6 5 7 6.3
88 9 6 7 5 6 3 3 3 4 4 4 4 48
89 2 3 4 3 3 2 3 3 3 4 4 3 3.1
90 2 2 3 0 0 0 2 3 3 5 3 7 25
91 6 5 0 3 0 2 3 5 8 10 6 2 42
92 0 0 1 0 0 0 0 0 0 0 0 0 0.1
93 2 4 4 0 0 0 3 0 5 7 0 0 21
94 4 2 7 2 1 3 3 7 9 8 3 4 44
9% 2 4 7 0 0 3 3 7 6 7 5 6 42 |
ave. 37 39 46 22 20 26 27 37 47 61 36 41 37

( Source : SENAMHI )



4]Lapaz Aroma Ayo Ayo UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
88 10 9 9 8 9 8 8 9 12 8 10 9 9.1
89 10 9 10 11 9 7 10 7 13 11 10 10 938
90 8 7 9 9 7 8 8 8 9 11 11 10 88
91 9 10 8 9 8 9 9 13 12 14 12 12 104
92 10 10 9 12 10 11 11 11 15 12 10 10 109
93 9 10 12 10 8 11 11 14 12 12 13 12 112
94 11 9 10 10 10 12 12 11 11 11 10 10 106
9% 8 8 8 9 10 7 7 11 13 12 11 10 95
9% 10 11 11 8 7 8 9 9 10 9 9 8 9.1
97 7 9 8 8 8 9 10 11 11 9 7 8 8.8
ave. 92 92 94 94 86 90 95 104 118 109 103 99 98
( Source : SENAMHI )
5]Lapaz Aroma Patacamaya UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
88 7 8 7 6 7 7 8 7 11 15 10 8 8.4
89 7 8 7 9 6 5 6 6 10 10 6 8 73
M 9 8 9 7 6 5 5 8 8 11 10 9 79
91 8 9 8 8 5 6 5 9 8 10 8 8 7.7
92 6 6 6 8 6 6 9 9 8 8 5 7 7.0
93 4 4 5 4 4 5 7 4 6 7 4 7 51
94 6 6 5 5 4 4 6 7 7 6 6 6 5.7
9% 5 4 6 5 0 4 5 6 6 6 6 5 4.8
9% 5 5 5 6 4 6 7 5 7 6 5 5 55
97 4 4 4 4 5 5 5 6 5 6 4 3 4.6
ave. 61 62 62 62 47 53 63 67 76 85 64 66 64
( Source : SENAMHI )
6|Lapaz Murillo El Alto UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
89 3 3 3 3 3 2 2 3 4 4 4 3 3.1
N 3 3 4 4 4 4 4 4 5 5 5 5 42
91 5 5 4 4 3 4 4 5 5 6 5 5 4.6
92 4 4 4 5 4 4 4 5 6 5 4 5 45
93 4 4 4 3 3 2 4 4 4 5 4 4 3.8
94 4 4 5 4 3 3 4 4 5 5 5 5 4.3
% 4 4 4 3 3 3 4 4 5 5 6 6 43
9% 4 4 4 3 3 4 4 4 6 6 6 4 43
97 7 6 7 7 8 8 8 5 8 5 7 8 7.0
98 7 6 7 7 8 8 7 8 9 8 6 8 7.4 |
ave. 45 43 46 43 42 42 45 46 57 54 52 53 47

( Source : SENAMHI )



~

10

Lapaz Pacaje Carana UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
89 6 5 6 0 4 4 5 7 8 7 6 8 55
0 6 10 5 4 5 4 4 5 7 9 6 5 58
91 4 5 5 6 8 5 3 4 7 7 7 8 5.8
92 6 6 5 4 4 5 5 4 4 4 5 5 4.8
93 4 6 5 4 4 3 4 5 8 6 7 6 52
94 4 5 5 4 4 4 4 5 5 5 5 5 46
9% 4 5 4 4 3 3 2 4 5 5 5 5 41
% 4 5 5 4 6 5 6 7 7 6 8 6 5.8
97 5 6 5 4 5 4 6 3 5 4 5 5 4.8
98 4 4 4 4 4 4 5 4 5 5 5 5 4.4
ave. 47 57 49 38 47 41 44 48 61 58 59 58 51
Lapaz camac puerto acosta UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
86 4 7 6 9 6 7 8 10 13 13 10 9 8.5
87 8 10 8 9 7 6 8 8 7 10 9 8 8.2
88 7 8 7 6 6 7 7 7 14 8 8 7 7.7
89 - - - - - - - - - - - - 0.0
N 6 6 5 4 4 3 5 0 0 0 4 7 3.7
91 6 5 4 5 4 0 3 6 5 4 5 3 4.2
92 3 2 2 3 3 4 3 4 5 3 4 3 33
93 3 3 4 3 2 2 2 4 4 5 5 5 35
94 4 4 5 5 4 4 4 5 5 5 4 3 4.3
9% 3 4 3 3 3 2 3 - - - - - 3.0
% - - 4 4 3 - - 5 6 4 4 4 43
98 4 4 4 3 4 2 4 4 5 4 4 4 3.8
ave. 48 53 47 49 41 37 47 53 64 56 57 53 50
Lapaz omasu huarina UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
84 4 10 10 9 8 11 10 10 12 12 11 10 98
8 9 9 8 9 9 10 11 12 12 9 10 9 9.8
86 10 9 8 8 6 7 8 10 12 12 12 11 94
87 11 10 11 11 10 10 9 8 11 12 12 11 105
88 13 13 10 9 9 7 10 9 15 12 13 11 109
89 10 10 9 12 8 8 8 9 11 12 12 11 100
0 9 8 8 9 8 7 8 9 10 12 10 8 8.8
91 7 9 8 7 6 6 7 10 10 10 6 8 7.8
94 7 8 7 7 5 5 7 3 11 9 10 8 7.3
% 7 8 6 3 6 5 6 8 13 11 9 8 7.5
ave. 92 93 83 82 72 68 78 82 116 112 105 95 90
Lapaz Achiri pacajaes UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
93 6 5 4 3 6 4 6 9 5 5 5 4 52
94 4 4 4 3 3 2 2 3 3 4 4 3 3.3
95 0.0
% 4 3 2 0 0 0 2 2 3 3 3 4 22
97 5 5 6 7 5 5 4 4 5 6 6 7 54
98 3 4 3 3 3 3 0 1.6

ave. 44 42 38 32 34 28 28 45 40 45 45 45 39




1.2

Oruro cercacoruro UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
88 7 5 5 2 8 2 3 3 7 5 7 7 51
89 7 8 6 6 3 2 3 3 6 7 6 6 53
90 7 4 6 5 3 4 4 4 4 6 6 7 5.0
91 6 6 6 4 2 3 0 4 6 7 5 6 183
92 4 4 0 0 0 0 0 0 4 3 3 0 15
93 3 0 0 0 0 0 0 0 0 3 4 4 1.2
94 4 2 4 4 1 2 3 4 4 4 4 4 3.3
9% 3 2 2 2 2 2 2 3 4 5 7 6 3.3
% 4 6 5 5 2 2 2 3 6 5 6 5 4.3
97 4 4 3 3 2 2 3 4 4 3 3 5 3.3
ave. 49 41 37 31 23 19 20 28 45 48 51 50 37

( Source : SENAMHI)

Oruro cercac caracollo UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
IC 7 7 8 8 10 7 8 10 6 7 7 7.7
76 4 3 4 4 5 4 4 6 6 3 4 4 4.3
77 4 4 3 3 3 2 3 5 4 3 3 3 3.3
78 3 3 2 3 3 3 3 4 3 4 4 4 130
79 3 2 3 2 2 3 3 2 3 3 3 3 2.7
80 2 5 3 4 4 4 5 5 5 4 4 4 4.1
81 4 3 3 4 4 5 4 5 5 4 5 5 4.3
82 4 4 4 4 4 4 4 5 4 5 5 5 4.3
83 4 4 4 5 5 6 6 5 6 4 5 5 4.9
ave. 38 38 36 41 42 45 43 50 51 40 44 44 43

( Source : SENAMHI )

Oruro carang corque UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
78 5 6 5 5 6 5 6 7 5 6 5 6 223
79 4 5 5 4 4 6 7 4 8 6 8 9 5.8
80 6 6 6 6 7 5 5 7 6 7 7 4 6.0
81 7 6 6 6 7 6 8 7 7 6 6 6 6.5
ave. 55 57 55 52 60 55 65 62 65 62 65 62 60

( Source : SENAMHI )




~

Oruro cercac caracollo UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
7B - - - - - - - 40 40 16 16 12 -
76 16 40 8 12 28 22 22 40 40 22 16 16 235
77 16 40 28 22 40 40 40 40 28 28 40 22 320
78 22 22 22 40 40 40 28 40 40 40 40 12 1287
79 12 16 16 22 22 40 40 12 40 28 40 22 258
80 16 40 40 40 40 40 40 40 40 20 40 40 36.3
81 22 22 16 16 22 16 28 40 22 12 12 8 197
82 4 - 8 - - - - - - - - - -
83 - - - - - - - - - - - - -
84 - - - 8 4 40 16 40 40 8 - -16 -
85 - - - - - 40 40 40 - - - - -
ave. 154 300 197 228 280 347 317 368 362 217 291 145 267
( Source : SENAMHI )
Oruro cercac Aasana UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
78 5 6 5 5 6 5 6 7 5 6 5 6 223
79 4 5 5 4 4 6 7 4 8 6 8 9 58
80 6 6 6 6 7 5 5 7 6 7 7 4 6.0
81 7 6 6 6 7 6 8 7 7 6 6 6 6.5
ave. 55 57 55 52 60 55 65 62 65 62 65 62 6.0
( Source : SENAMHI )
Oruro Salinas de Garci Mendosa UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
75 0 0 0 0 4 0.3
76 0 3 0 0 0 0 0 8 0 5 5 0 18
77 4 0 0 0 0 0 0 0 0 0 4 0 0.7
78 2 2 0 0 0 3 0 4 0 0 2 43
79 O 0 0 0 0 0 0 0 0 4 5 0.8
80 O 4 0 0 0 0 3 0.6
81 O 0 0 0 0 0 0 0 0 6 0 0 05
82 0 0 0 0 0 5 0 0 3 4 0 0
83 3 0 3 0 0 10 7 0 6 0 0 0 24
84 0 0 0 0 0 0 0 0 0 0 0 0 0.0
ave. 10 10 03 00 00O 20 11 13 10 16 16 12 10
( Source . SENAMHI )
Oruro Coipasa UNIT : Knot
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ave.
88 7 8 7 7 8 9 7 10 11 6.2
89 12 9 9 9 7 7 9 10 8 8 73
90 9 4 8 8 3 3 3 3 3 3 39
91 3 3 3 3 3 3 3 3 3 3 3 3 120
92 2 3 2 3 5 5 9 2 6 3 3 4 39
93 2 3 2 2 3 3 3 3 3 2 3 3 2.7
ave. 56 45 40 46 56 55 56 48 53 36 44 53 49

( Source : SENAMHI )




3.1

Site Name

Monitoring Period : |4 Feb., 2000 - 3 Feb., 2001

(1)

:|Achiri / La Paz Prefecture,

Latitude : /S 17°

Altitude :

12'55"
Lognitute: W 69° 00'02"

3870 m

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) | (W/m2) () (%) (hPa)
2000 |Ave. 3.0 25 234.9 9.0 722 -
2  Max 10.9 9.8 N SEE 1097.9 175 99.9 -
Min. 0.0 0.0 0.0 0.6 290.1 -
Ave. 2.6 2.2 2743 9.1 68.7 -
3  Max 13.0 116 N SWW 1230.1 18.9 99.9 -
Min. 0.0 0.0 0.0 -0.3 19.7 -
Ave. 2.3 2.0 280.9 8.6 47.0 -
4  Max 13.0 116 N W 1196.3 19.0 99.9 -
Min. 0.0 0.0 0.0 -3.7 12.7 -
Ave. 25 2.1 256.0 7.0 345 -
5 Max 13.9 124 N NNE 1011.3 175 98.6 -
Min. 0.0 0.0 0.0 -7.3 12.8 -
Ave. 2.7 2.3 2443 42 279/ 7936
6 Max 12.9 115 N W 940.1 154 879 7984
Min. 0.0 0.0 0.0 -11.4 128 789.6
Ave. 31 2.7 267.0 3.6 236 7929
7  Max 16.5 14.8 N SWW 10834 155 790 7984
Min. 0.0 0.0 0.0 -12.7 129 788.6
Ave. 3.0 2.6 277.2 5.8 295 7931
8 Max 15.0 135 N W 1085.1 17.8 985 7977
Min. 0.0 0.0 0.0 -9.3 126 788.9
Ave. 33 2.9 324.3 7.7 241 7928
9 Max 15.0 136 N SWW 1188.7 19.0 89.8 797.1
Min. 0.0 0.0 0.0 -9.6 124 788.3
Ave. 3.2 2.8 304.6 8.4 392 7933
10 Max 12.9 114 N SWW 1210.6 19.2 999 7974
Min. 0.0 0.0 0.0 -3.6 123 790.0
Ave. 37 33 366.4 9.7 242 7922
11  Max 15.6 14.0 N SWW 1223.7 20.6 905 797.1
Min. 0.0 0.0 0.0 -5.8 122 788.6
Ave. 34 25 4708.8 9.3 463 7930
12 | Max 147 13.2 N SWW 106761.0 20.3 998 797.1
Min. 0.0 0.0 0.0 -1.4 123 789.6
2001 Ave. 2.8 24 206.2 75 747 793.1
1 |Max 11.2 10.1 N SEE 1176.9 15.3 999 7971
Min. 0.0 0.0 0.0 -0.2 218 769.3




3.1

Site Name
Monitoring Period : 3 Feb., 2000 - 2 Feb., 2001

Monitoring Period :
Latitude :

;. Charana

(2)

4 Feb., 2000 - 2 Feb., 2001
S 17° 35'48"
Lognitute: W 69° 26'56"

Altitude : 4054 m
Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction | radiation Temperature Humidity Pressure
Month (m/s) (m/s) (20m) (10m) (W/m2) () (%) (hPa)
2000 |Ave. 41 35 225.6 7.7 711 -
2  Max 15.2 13.7 SWwW SWW 1236.0 17.2 99.9 -
Min. 0.0 0.0 0.0 -1.2 18.2 -
Ave. 40 33 284.3 73 68.3 -
3  Max 14.8 13.1 S SWW 1288.7 18.1 99.9 -
Min. 0.0 0.0 0.0 -2.6 13.4 -
Ave. 35 2.9 280.9 6.2 47.3 -
4  Max 147 12.8 SWw W 11436 175 99.9 -
Min. 0.0 0.0 0.0 -10.2 12.4 -
Ave. 3.6 3.0 249.8 4.2 374 -
5 Max 147 13.2 W SW 10594 17.1 97.6 -
Min. 0.0 0.0 0.0 -12.7 12.4 -
Ave. 41 34 240.5 12 338 779.1
6 Max 15.0 13.2 SWW W 913.6 14.9 884 787.2
Min. 0.0 0.0 0.0 -16.9 12.6 648.8
Ave. 4.3 3.6 255.4 0.3 30.8 783.9
7  Max 16.2 138 SWw SWW 966.0 14.2 86.2 787.2
Min. 0.0 0.0 0.0 -18.4 12.7 780.5
Ave. 43 3.6 2729 3.0 313 784.0
8 Max 16.5 14.4 SwW SW 1128.3 15.0 76.0 787.2
Min. 0.0 0.0 0.0 -14.6 125 780.8
Ave. 4.8 41 266.3 4.6 22.3 7835
9 Max 155 137 S SW 957.4 18.1 79.1 786.2
Min. 0.0 0.0 0.0 -12.9 12.2 780.5
Ave. 49 42 290.4 6.4 335 783.6
10 Max 171 15.0 SwW SW 1218.8 17.9 98.9 786.9
Min. 0.0 0.0 0.0 -115 12.2 780.5
Ave. 5.7 5.0 363.9 6.6 22.6 782.3
11 | Max 17.2 154 SwW SW 11911 20.1 74.6 785.6
Min. 0.0 0.0 0.0 -10.7 12.0 779.5
Ave. 5.2 45 295.0 74 459 783.1
12  Max 174 15.6 SW SW 1276.1 195 99.9 786.6
Min. 0.0 0.0 0.0 -7.8 12.0 780.1
2001 |Ave. 35 3.0 228.7 6.4 78.6 783.2
1 |Max 14.3 13.0 SwW SW 1224.3 16.0 99.9 785.9
Min. 0.0 0.0 0.0 -0.3 20.3 729.3




3.1

Site Name

Monitoring Period : |2 Feb., 2000 - 30 Jan., 2001

:/Gonzales

Latitude :

Altitude :

(3)

S 15° 11'56"
Lognitute: W 69° 00'12"
3576 m

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) [ (W/m2) () (%) (hPa)
2000 |Ave. 17 1.0 2125 8.6 835 -
2  Max 6.5 44 NE NE 12143 16.2 99.9 -
Min. 0.0 0.0 0.0 2.1 395 -
Ave. 14 0.8 221.0 9.2 83.1 -
3  Max 6.0 45 NE NE 1236.8 16.3 99.9 -
Min. 0.0 0.0 0.0 5.0 45.4 -
Ave. 17 11 243.0 8.9 76.4 -
4  Max 6.6 5.2 NE NE 11334 16.1 99.9 -
Min. 0.0 0.0 0.0 3.9 36.1 -
Ave. 19 12 220.6 94 65.2 -
5 Max 9.6 7.9 NE NE 955.9 174 99.9 -
Min. 0.0 0.0 0.0 4.3 13.6 -
Ave. 25 1.7 1929 8.6 584 8124
6 Max 117 9.6 S SW 8934 18.6 999 8164
Min. 0.0 0.0 0.0 35 122 810.3
Ave. 2.6 1.8 214.3 7.6 559 8120
7  Max 11.6 9.7 SwW SW 9185 16.5 999 817.0
Min. 0.0 0.0 0.0 0.7 124 808.6
Ave. 2.2 15 219.9 8.2 708 8127
8 Max 9.4 7.8 NE NE 1026.4 17.4 999 817.0
Min. 0.0 0.0 0.0 2.8 122 809.3
Ave. 2.2 14 2416 8.7 68.7 8125
9 Max 10.1 7.8 NE NE 11451 17.2 999 816.7
Min. 0.0 0.0 0.0 3.0 16.3 808.9
Ave. 1.8 12 222.0 8.3 771 8128
10 Max 8.7 6.9 NE NE 1176.1 16.4 999 817.0
Min. 0.0 0.0 0.0 25 30.8 809.3
Ave. 2.2 14 257.6 9.6 741 739.0
11 |Max 10.3 8.3 NE NEE 1215.3 174 999 815.0
Min. 0.0 0.0 0.0 4.2 174 6484
Ave. 17 11 206.4 9.2 747 746.6
12 | Max 9.7 8.0 NE NE 1176.6 16.4 999 8655
Min. 0.0 0.0 0.0 3.0 159 6484
2001 Ave. 1.1 0.6 166.4 8.1 742 7554
1 |Max 8.4 6.6 NE NE 12211 141 999 8617
Min. 0.0 0.0 0.0 4.3 479 6484




3.1

Site Name

. Is. Taquiri

(4)

Monitoring Period : |131Jan., 2000 - 29 Jan., 2001
S 16° 17'36"
Lognitute: W 68° 48'19"
3919 m

Latitude :

Altitude :

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) [ (W/m2) () (%) (hPa)
2000 |Ave. 3.2 2.3 242.0 10.0 74.1 -
2  Max 10.9 8.4 NE NE 1196.3 16.2 99.8 -
Min. 0.0 0.0 0.0 4.6 42.6 -
Ave. 2.7 19 265.9 104 725 -
3  Max 10.8 8.8 NE NE 1226.8 16.5 99.9 -
Min. 0.0 0.0 0.0 5.6 32.7 -
Ave. 2.7 1.8 285.3 10.2 66.1 -
4  Max 8.0 6.5 NE NE 1127.2 16.9 99.2 -
Min. 0.0 0.0 0.0 4.8 29.4 -
Ave. 25 16 265.7 9.7 56.3 -
5 Max 8.2 6.9 NE NE 1009.1 16.9 99.8 -
Min. 0.0 0.0 0.0 2.9 15.3 -
Ave. 25 14 228.8 7.0 58.7 804.0
6 Max 7.7 5.8 S SW 901.8 14.2 999 806.2
Min. 0.0 0.0 0.0 1.1 250 8015
Ave. 2.7 1.6 254.1 6.5 51.3 803.9
7  Max 8.4 6.6 SwW SW 958.1 14.0 99.8 807.2
Min. 0.0 0.0 0.0 -0.9 13.8 7994
Ave. 2.9 1.8 279.0 8.3 598 804.3
8 Max 9.3 85 NE NE 11311 15.6 999 807.2
Min. 0.0 0.0 0.0 0.7 17.1 800.8
Ave. 2.8 1.6 294.6 95 39.8 8027
9 Max 6.2 4.6 NE NE 11159 15.9 90.8 8055
Min. 0.2 0.0 0.0 2.4 174 800.1
Ave. 3.3 2.2 309.8 9.7 648 803.3
10 Max 11.8 94 NE NE 1219.2 18.2 999 807.2
Min. 0.0 0.0 0.0 2.2 122 7023
Ave. 33 2.2 3495 116 489 7051
11 |Max 10.0 1.7 NE NEE 1199.0 19.0 975 8055
Min. 0.0 0.0 0.0 4.8 115 6484
Ave. 34 2.2 0.0 184.9 270.9 10.3 645 7195
12 | Max 11.2 9.2 0.3 359.8 1249.2 18.3 972 850.6
Min. 0.0 0.0 0.0 0.0 0.0 3.7 129 6484
2001 Ave. 3.2 2.2 131 1715 210.2 9.3 745/ 7318
1 |Max 10.6 8.4 3414 359.2 1196.5 15.6 98.6 8489
Min. 0.0 0.0 0.0 0.7 0.0 5.4 13.6 648.1




3.1

Site Name

Monitoring Period : 121 Jan., 2000 - 31 Jan., 2001
S 17° 01'44"

: Santiago de Llallagua

Latitude :

(5)

Lognitute: W 68° 12'27"
4010 'm

Altitude :

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) [ (W/m2) () (%) (hPa)
2000 |Ave. 33 2.9 2131 8.4 79.1 -
2  Max 134 115 NE NE 1106.1 15.8 99.9 -
Min. 0.0 0.0 0.0 2.5 43.1 -
Ave. 24 21 228.9 85 75.2 -
3  Max 115 10.0 NE NE 11829 17.2 99.9 -
Min. 0.0 0.0 0.0 1.6 28.0 -
Ave. 25 2.2 249.6 8.3 61.1 -
4  Max 10.7 9.3 NE NE 1069.0 16.8 99.9 -
Min. 0.0 0.0 0.0 0.3 15.4 -
Ave. 3.0 2.7 232.2 7.8 449 -
5 Max 10.9 9.8 NE NE 9435 17.1 99.9 -
Min. 0.0 0.0 0.0 -1.2 135 -
Ave. 3.6 3.2 213.0 5.2 370/ 7746
6 Max 10.8 9.1 S SW 851.6 14.9 999 7883
Min. 0.0 0.0 0.0 -3.6 13.2 6488
Ave. 3.9 35 236.6 44 299 7857
7  Max 17.4 15.7 SwW SW 9104 14.3 90.1 789.3
Min. 0.0 0.0 0.0 -6.7 134 7812
Ave. 35 3.1 2417 6.3 316 7089
8 Max 12.7 11.0 NE NE 1103.7 16.1 99.8 788.6
Min. 0.0 0.0 0.0 -3.8 10.6 648.4
Ave. 43 3.2 291.2 7.9 12.1 6486
9 Max 11.8 11.3 NE NE 11014 18.1 790 6786
Min. 0.0 0.0 0.0 -1.6 10.2 6484
Ave. - 2.9 262.4 7.7 5.3 -
10 Max - 111 NE NE 11246 17.2 114 -
Min. - 0.0 0.0 -0.2 0.5 -
Ave. - 3.0 316.7 9.7 05 -
11 |Max - 10.3 NE NEE 1182.3 191 49 -
Min. - 0.0 0.0 -0.5 0.1 -
Ave. - 3.0 234.8 85 0.3 -
12  Max - 10.2 NNE N 11222 18.7 7.0 -
Min. - 0.0 0.0 0.7 0.1 -
2001 Ave. - 2.6 173.7 74 0.3 -
1 |Max - 96 SwWw SEE 11279 145 24 -
Min. - 0.0 0.0 3.7 0.1 -




3.1

Site Name

(6)

: Comjo and Coipasa

Monitoring Period : 128 Jan., 2000 - 7 Feb., 2001
12'59"
Lognitute: W 68° 23'24"
Altitude : 3670 m

Latitude : S 19°

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) [ (W/m2) () (%) (hPa)
2000 |Ave. 5.2 45 295.6 114 547 -
2  Max 16.9 15.0 W W 12025 204 99.8 -
Min. 0.0 0.0 0.0 2.4 12.3 -
Ave. 5.0 4.2 291.8 11.1 46.5 -
3  Max 15.7 141 W W 1099.7 20.0 985 -
Min. 0.0 0.0 0.0 2.3 12.6 -
Ave. 4.6 3.9 265.2 94 32.1 -
4  Max 15.2 13.6 W W 986.1 19.2 87.3 -
Min. 0.1 0.0 0.0 -3.9 12.7 -
Ave. 4.6 38 224.6 6.1 28.6 -
5 Max 20.1 17.9 W W 904.7 18.1 80.7 -
Min. 0.0 0.0 0.0 -6.1 13.0 -
Ave. 5.0 41 206.7 2.9 299/ 7524
6 Max 177 15.7 W W 834.0 138 783 807.2
Min. 0.0 0.0 0.0 -9.9 134 648.8
Ave. 5.6 4.6 222.8 17 270 8026
7  Max 24.2 215 W W 864.8 134 76.1 807.2
Min. 0.0 0.0 0.0 -11.1 134 7984
Ave. 54 45 248.0 4.6 252 8039
8 | Max 211 18.8 w W 1003.2 15.6 579 808.9
Min. 0.0 0.0 0.0 -9.5 129 8005
Ave. 5.6 4.7 308.0 6.7 18.0 8045
9 Max 18.0 16.2 W W 1074.6 18.4 373 808.6
Min. 0.0 0.0 0.0 -7.3 124 801.1
Ave. 5.8 49 3214 9.8 220 8054
10 Max 15.7 14.0 W W 1155.0 195 769 809.3
Min. 0.0 0.0 0.0 -3.8 125 8025
Ave. 6.3 54 359.2 9.7 211 7818
11 |Max 18.2 16.3 W W 1146.1 215 759 808.2
Min. 0.1 0.0 0.0 -4.6 12.3 6484
Ave. 5.8 5.1 211.0 203.6 316.7 115 401 7635
12 | Max 16.9 15.0 3525 3535 1148.0 22.0 998 9074
Min. 0.0 0.0 2.8 1.6 0.0 0.1 122 6525
2001 |Ave. 5.0 4.3 198.0 189.0 2713 9.7 723| 7628
1 |Max 15.6 14.0 354.7 359.0 11554 18.9 99.8 898.3
Min. 0.0 0.0 15 2.1 0.0 0.6 209 6525




3.1

Site Name

Monitoring Period : 123 Jan., 2000 - 31 Jan., 2001
S 18° 00'46"

: Caripe

Latitude :

(1)

Lognitute: W 68° 50'37"
3670 m

Altitude :

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) [ (W/m2) () (%) (hPa)
2000 |Ave. 3.8 3.1 245.0 7.1 715 -
2  Max 13.3 117 W W 1243.8 155 99.9 -
Min. 0.0 0.0 0.0 0.2 135 -
Ave. 3.6 3.0 2517 7.3 65.7 -
3  Max 137 11.9 W NWW 1292.3 16.6 99.9 -
Min. 0.0 0.0 0.0 -14 21.1 -
Ave. 33 2.8 262.3 7.0 421 -
4  Max 13.3 10.9 W NWW 1200.0 16.6 95.3 -
Min. 0.0 0.0 0.0 -5.9 12.7 -
Ave. 43 3.6 2424 55 30.3 -
5 Max 12.6 109 Nww NWW 1039.1 15.8 98.0 -
Min. 0.0 0.0 0.0 -7.3 12.7 -
Ave. 5.5 4.6 233.6 3.2 250 7325
6 Max 125 109 NwWw NWW 954.8 13.0 90.1 7845
Min. 0.0 0.0 0.0 -9.3 12.7 648.8
Ave. 5.5 44 253.2 1.8 262 7804
7  Max 17.9 14.8 W NWW 968.2 131 98.8 785.2
Min. 0.0 0.0 0.0 -12.0 129 7764
Ave. 5.2 43 263.7 44 272 7811
8 Max 175 14.4 NWW NWW 1124.9 14.1 88.9 7852
Min. 0.0 0.0 0.0 -9.1 127 7781
Ave. 55 45 3214 6.4 20.3  780.9
9 Max 13.8 116 NWW NWW 11921 17.0 926 785.2
Min. 0.0 0.0 0.0 -7.2 123 7784
Ave. 5.0 4.2 0.0 7.2 348 7811
10 Max 13.9 114 W NWW 0.0 16.6 999 785.2
Min. 0.4 04 0.0 -6.9 122 7781
Ave. 5.6 4.8 0.0 8.2 274 7457
11 |Max 16.1 125 W NWwW 0.0 184 92.7 8655
Min. 0.4 04 0.0 -6.3 12.2 6484
Ave. 48 41 276.2 8.0 516 7523
12 | Max 14.6 125 W NWW 1230.2 18.2 999 9037
Min. 0.0 0.0 0.0 -2.9 12.1 6525
2001 Ave. 3.2 2.7 0.0 5.6 751 768.0
1 |Max 12.2 104 W W 12235 14.6 999 902.0
Min. 0.0 0.0 0.0 -0.1 321 65238




3.1

Site Name

Monitoring Period : 124 Jan., 2000 - 24 Jan., 2001

G

:/Chachacomani

Latitude : /S 18° 21'33"
Lognitute: W 68° 56'56"

Altitude :

4220 'm

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) [ (W/m2) () (%) (hPa)
2000 |Ave. 35 3.2 - 7.1 711 -
2  Max 13.3 12.3 SE SE - 16.0 99.9 -
Min. 0.4 0.4 - 0.1 15.6 -
Ave. 2.9 2.7 260.7 7.7 63.9 -
3  Max 134 124 SE W 12595 16.5 99.9 -
Min. 0.0 0.0 0.0 -0.1 14.2 -
Ave. 34 33 2434 75 421 -
4  Max 14.8 134 W W 1091.6 15.8 96.7 -
Min. 0.1 0.2 0.0 -2.1 13.8 -
Ave. 4.2 3.9 2604 6.3 31.2 -
5 Max 175 15.9 W W 946.9 15.8 87.0 -
Min. 0.0 0.0 0.0 -3.1 14.1 -
Ave. 5.0 4.6 246.9 34 291/ 726.6
6 Max 16.6 149 NWW W 9517 12.3 756 7751
Min. 0.1 0.1 0.0 -4.1 152 648.8
Ave. 6.5 6.0 267.1 24 298 7722
7  Max 27.1 243 NwWw W 1095.6 11.6 965 7764
Min. 0.1 0.1 0.0 -7.4 16.2 766.9
Ave. 6.0 54 278.2 4.6 298 7726
8 Max 23.2 21.0 NWW W 1197.0 131 774 7764
Min. 0.1 0.1 0.0 -4.5 149 767.9
Ave. 4.6 43 345.0 6.5 220 7726
9 Max 18.3 16.3 W SWW 1328.9 16.1 799 7754
Min. 0.0 0.1 0.0 -4.1 134 770.0
Ave. 37 35 320.3 75 328 7727
10 Max 141 125 SwWw SWW 1279.3 16.3 999 7757
Min. 0.0 0.0 0.0 -3.9 134 769.6
Ave. 47 44 3834 8.1 273 7678
11  Max 184 16.7 w SWW 1293.1 184 869 775.1
Min. 0.0 0.1 0.0 -3.3 13.0 6484
Ave. 35 33 300.3 7.9 508 7438
12 | Max 135 123 Sww SWW 12834 17.7 999 8482
Min. 0.0 0.0 0.0 -1.6 13.1 6484
2001 Ave. 25 2.3 2034 55 777/ 7379
1 |Max 10.9 10.0 SE SE 1296.3 145 999 8475
Min. 0.0 0.0 0.0 -0.4 29.7 648.4




3.1 )

Site Name : Salinas

Monitoring Period : |14 Jan., 2000 - 14 Dec., 2001
Latitude : /S 19° 21'59"
Lognitute: W 66° 51'57"
Altitude : 3652 m

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) [ (W/m2) ) (%) (hPa)
2000 |Ave. 3.6 461.9 133.1 -69.1 04 -
2  Max 104 756.6 N SSE 142.9 -16.6 13 -
Min. 0.4 15.0 0.0 -86.3 0.0 -
Ave. 35 33 - 11.2 46.4 -
3  Max 125 117 NNW NNW - 205 99.3 -
Min. 0.4 0.4 - 0.6 12.0 -
Ave. 3.2 2.9 - 9.8 29.6 -
4  Max 8.7 78 NNW NNW - 19.9 854 -
Min. 0.4 04 - -2.7 12.1 -
Ave. 35 3.2 236.6 6.6 252 -
5 Max 16.7 15.7 NW NW 855.7 17.4 90.3 -
Min. 0.0 0.0 0.0 -4.8 12.4 -
Ave. 45 45 226.5 3.8 252 760.7
6 Max 15.2 14.9 NW NW 876.3 13.0 67.0 808.6
Min. 0.0 0.4 0.0 -6.8 13.1 6488
Ave. 4.8 49 2405 24 241 804.3
7  Max 22.3 216 NW NW 927.8 13.3 73.1 808.6
Min. 0.0 04 0.0 -8.4 13.1 7984
Ave. 40 41 2714 5.3 225 8047
8 | Max 16.7 16.2 NW NW 10304 15.6 66.6 808.6
Min. 0.0 0.4 0.0 -7.7 125 800.8
Ave. 35 3.7 329.6 7.6 17.8 8045
9 Max 11.8 116 NW NW 1122.7 18.6 772 808.2
Min. 0.0 0.4 0.0 -6.8 12.0 801.8
Ave. 35 35 333.0 104 235 804.7
10 Max 12.0 113 NNW NNW 1170.7 20.0 99.8 808.6
Min. 0.0 04 0.0 -1.8 119 8011
Ave. 37 38 3777 105 183 803.6
11 Max 12.6 121 NNW NNW 1230.3 219 62.8 807.2
Min. 0.0 04 0.0 -4.1 116 8005
Ave. 3.9 3.6 317.0 10.8 35.1 8306
12 | Max 105 9.7 NNW NNW 11910 19.3 999 8357
Min. 0.1 0.0 0.0 0.9 119 8272
2001 Ave.
1 Max

Min.




3.1

Site Name

Monitoring Period : |14 Jan., 2000 - 6 Feb., 2001
S 19° 21'58"

: Sevaruyo

Latitude :

(10)

Lognitute: W 66° 51'45"™
3690 m

Altitude :

Wind Speed Wind Speed  Wind Wind Solar Baromatic
Year (20m) (10m) Direction ' Direction |radiation ' Temperature Humidity = Pressure
Month (m/s) (m/s) (20m) (10m) [ (W/m2) () (%) (hPa)
2000 |Ave. 31 399.2 133.3 -75.9 04 -
2  Max 8.2 775.3 NE NE 142.9 -515 11 -
Min. 0.4 4.3 0.0 -86.1 0.0 -
Ave. 3.1 25 - 105 594 -
3  Max 15.1 12.2 NE NE - 219 99.9 -
Min. 0.4 0.4 - -1.3 12.2 -
Ave. 31 2.6 - 8.4 42.2 -
4  Max 125 125 NE NE - 22.7 98.3 -
Min. 0.4 04 - -8.7 12.0 -
Ave. 3.2 25 - 4.6 38.2 -
5 Max 117 10.1 NE NE - 19.1 99.9 -
Min. 0.1 0.0 - -11.8 12.1 -
Ave. 2.9 2.6 2194 0.9 350 7617
6 Max 10.1 8.8 S SW 839.0 145 823 8103
Min. 0.0 0.4 0.0 -15.1 12.7 648.8
Ave. 3.6 3.1 230.2 0.3 323 8045
7  Max 15.3 133 SwW SW 903.5 14.6 89.8 810.3
Min. 0.0 04 0.0 -16.3 124 7994
Ave. 34 3.0 263.6 3.7 317 8045
8 | Max 13.8 121 NE NE 1006.8 16.8 99.8 809.9
Min. 0.0 0.4 0.0 -15.0 122 7994
Ave. 3.2 2.9 3144 5.9 270 8035
9 Max 10.3 8.3 NE NE 1107.3 219 999 808.2
Min. 0.0 0.4 0.0 -12.1 117 799.8
Ave. 34 3.1 310.9 94 335 8029
10 Max 11.4 10.3 NE NE 11579 213 999 808.2
Min. 0.0 04 0.0 -7.6 117 7984
Ave. 3.9 3.6 358.9 95 234 801.1
11 |Max 10.8 105 NE NEE 1155.0 24.2 79.6. 806.2
Min. 0.0 04 0.0 -10.0 114 7971
Ave. 35 33 297.0 10.9 478 8012
12 | Max 12.7 11.0 N N 1228.8 235 999 807.2
Min. 0.0 0.4 0.0 -6.1 115 7977
2001 Ave. 2.9 2.7 210.2 9.2 78.1| 8017
1 |Max 10.7 9.3 N N 1200.2 20.0 999 805.9
Min. 0.0 04 0.0 2.8 19.7 7981
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Items for Survey on the Selected Candidate Sites @V, MHP, Wind )

1. Name of Village / Canton Municipio
Charana (Prefecture: La Paz / Province: Pacajes / Municipality: Charana / Canton: Charana )
2. Location and Access: --km from Road--(earth road)
233 km from La Paz
3. Nos. of HH and Population: per Village / Canton
Population: 1016 Households: 331
4. Rural Economy
4.1 Major economic activity: agriculture, livestock breeding, others (---)

4.2 Industrial Facory (wood and mber, wool, others)
421 Numl;\)Atle?Ocl)f Factories
4.2.2 Energy Sourcis (diesel or other)
423 Capa?:% of generator (kW) and annual electricity consumption (kWh)
na.

4.2.4 Future expansion plan
n.a.

5. Economic Infrastructure

5.1 Access to Major town (---km by paved or earth road)
LaPaz 233 km to La Paz, 38km are paved
5.2 Electricity (existing energy sources diesel nicrohydro, or kerossene)
Diesel
5.2.1 OM Organization (Cooperative or Company ) and number of staff including
Operator . Administration 4
5.2.2 OM cost per year
n.a.
5.2.3 Electricity tariff (Bs/kWh or Bs per month) and annual revenue
30 Bs/Mo
5.2.4 Number of served HH
60
5.3 Water supply (piped water or from well /river)

5.3.1 Organization for water supply system
Canton
5.3.2 Water charge (Bs/month)
5 Bs/Mo
6 Social Infrastructure: for estimating demand for electricity

6.1 Existing schools (number of students)

Elemental school 350 High school 175 Private School 70
6.2 Existing clinic (scale)

3 rooms
6.3 Village office

2 rooms
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DEMAND (kW)
Time HHs(L) HHs(S) | Cafe (L) Cafe (S) @ Store (L)  Store (S) Office(L) Office(S) Small Business. Community (L)  School(L) Health Clinic (L) Total
0 1.0 1.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 31
1 0.6 0.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.6
2 0.3 04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.8
3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 04
4 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3
5 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3
6 0.3 02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6
7 04 0.2 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1 09
8 05 04 0.0 0.0 0.1 0.0 0.6 0.0 0.0 0.0 1.8 02 38
9 05 04 0.0 0.0 0.1 0.0 1.6 04 0.2 0.1 2.4 0.2 6.2
10 05 05 0.0 0.0 0.1 0.0 3.0 05 02 0.1 24 0.3 8.0
11 05 05 0.0 0.0 0.1 0.0 3.0 05 02 01 24 0.3 8.0
12 0.7 0.8 0.0 0.0 0.1 0.0 2.0 05 02 01 1.6 0.2 6.6
13 0.7 0.8 0.1 0.1 0.1 0.0 0.6 02 0.0 01 1.6 02 4.7
14 0.7 0.7 0.1 0.1 0.1 0.0 0.6 0.2 0.0 0.1 1.6 02 45
15 0.9 0.6 0.1 0.0 0.1 0.0 2.0 05 0.3 01 2.7 03 8.0
16 15 1.2 0.1 0.0 0.1 0.1 3.0 05 0.3 0.1 2.7 0.3 10.3
17 1.8 2.8 02 02 0.3 0.1 3.0 05 0.6 01 2.7 0.3 132
18 3.8 4.8 0.3 04 04 0.2 0.1 0.0 0.6 0.3 1.2 0.2 12.8
19 36 85 0.3 04 04 02 0.1 0.0 0.0 03 04 02 15.1
20 75 15.8 0.3 03 02 0.2 0.0 0.0 0.0 0.3 0.1 0.1 26.0
21 75 15.3 0.3 0.3 02 0.2 0.0 0.0 0.0 0.0 0.1 0.1 25.2
22 3.0 8.4 0.3 0.2 02 0.0 0.0 0.0 0.0 0.0 0.1 0.1 12.8
23 1.5 6.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 8.1
Total kwh/day 38.3 711 2.4 2.0 2.6 1.2 19.6 36 25 1.8 23.7 36 1815



5.3

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

0<V<0.5 219 12,6 16.0 74 16.3 22.7 26.1 211 19.8 8.7 34 53 7.4 116 145 16.8
05<=V<1 @ 169 174 144 121 215 211 151 127 12.5 6.1 31 54 9.9 125 16.5 111
1<=V<2 16.9 24.6 23.1 26.9 26.5 27.7 23.1 25.0 194 118 6.3 119 215 246 313 23.2
2<=V<3 20.0 19.3 18.4 19.1 17.8 149 16.6 152 16.4 8.0 5.0 10.9 21.0 224 129 22.6
3<=V<4 94 101 12.6 135 55 6.2 8.0 44 9.5 77 42 9.6 11.2 121 113 105
4<=V<5 3.1 4.8 6.0 115 7.1 54 5.0 54 7.3 6.1 4.0 116 8.7 6.9 6.1 95
5<=V<6 5.0 48 2.9 6.0 3.7 1.2 1.0 49 39 52 4.9 9.3 44 3.2 2.6 21
6<=V<7 25 24 34 25 1.2 0.8 2.0 29 4.7 77 5.6 9.2 43 2.8 1.6 0.5
7<=V<8 25 29 18 0.0 03 0.0 1.0 2.9 2.2 6.8 7.2 5.4 32 0.9 13 11
8<=V<9 1.9 1.0 1.0 0.8 0.0 0.0 1.0 25 34 6.8 84 52 1.7 0.7 0.3 0.5
9<=Vv<10 0.0 0.0 0.3 0.0 0.0 0.0 0.5 05 04 6.8 9.9 5.6 19 0.4 0.6 1.6
10<=Vv<11 0.0 0.0 0.0 0.2 0.0 0.0 05 0.5 04 59 84 4.4 1.2 0.2 0.0 0.0
11<=V<12| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 43 7.7 25 0.3 04 0.3 0.0
12<=V<13| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.3 7.0 2.2 0.9 0.4 0.6 0.5
13<=v<14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 3.0 5.6 0.6 0.9 0.4 0.0 0.0
14<=V<15| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14 52 0.3 0.5 0.4 0.0 0.0
15<=V<16| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 25 0.2 0.3 0.2 0.0 0.0
16<=V<17| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 0.2 04 0.0 0.0 0.0
17<=V<18| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 04 0.1 0.2 0.0 0.0 0.0
18<=V 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Feb Mar Apr May Jun |Jul Aug 'Sep Oct Nov Dec

7.7 7.3 6.2 4.2 1.2 0.3 3.0 4.6 6.4 6.6 7.4
7828 7828 7828 7828 779.1 7839 784 7835 7836 7823 7831
0972 0973 0977 0984 099 0999 099 0983 0977 0.975 0.973

4.1 4.0 35 36 4.1 4.3 4.3 4.8 4.9 5.7 5.2

636 592 398 436 648 755 747 1033 1092 1715 130.0

Charana Jan.

Temperature 6.4

Barometric Pressue hPa) 783

Air Density kg/m”3) 0.98

Average Wind Speed (m/s) 35

Wind Energy Density (W/m"2) 39.8
55

*Barometric pressures from February to May are the average of the other months

N NNE NE ENE

E ESE SE SSE S SSW SW WSW W  WNW NW NNW

Charana 022 024 025 0.29

026 028 023 023 023 018 014 015 014 018 021 021




5.6

Unit : USS$.
Item Cost Note
1. Installation Works 200,906
1.1 Installation Work 90,424
1.2 Installation Materials 110,481
2. Wind generator, PV system, etc. 511,625
2.1 Wind generator 275,053 80kW
2.2 PV system 142,413 16kWp
2.3 Inverter 43,761 60kVA
2.4 Converter 5,294 20kVA
2.5 Battery 31,648 44kAh
2.6 Control house 13,456
3. Distribution Line 43,019
4. Transportation 125,068
5.Direct Cost Total 880,618 1.+2.+3.+4.
6. Administration and Engineering Servi 77,494 8.80%
Total Construction Cost 958,112 5. +6.



6.1

Items for Survey on the Selected Candidate Sites PV, MHP, Wind )

. Name of Village / Canton Municipio
Caripe  (Prefecture: Oruro / Province: Sajama /
Municipality: C.de Carangas / Canton: Caripe )
. Location and Access: --km from Road--(earth road)
272 km from Oruro
. Nos. of HH and Population: per Village / Canton
Population: 206 Household: 93
. Rural Economy
4.1 Major economic activity: agriculture, livestock breeding, others (---)
Agriculture (kinua) Livestock
4.2 Industrial Facory (wood and mber, wool, others)
Non
4.2.1 Number of Factories
0
4.2.2 Energy Sources (diesel or other)
0

4.2.3 Capacity of generator (kW) and annual electricity consumption (kWh)
n.a.

4.2.4 Future expansion plan
na.

. Economic Infrastructure

5.1 Access to Major town (---km by paved or earth road)
Oruro 272 km to La Paz, 257km paved
5.2 Electricity (existing energy sources diesel microhydro, or kerosene)
kerosene
5.2.1 OM Organization (Cooperative or Company ) and number of staff including
n.a.
5.2.2 OM cost per year
n.a.
5.2.3 Electricity tariff (Bs/kWh or Bs per month) and annual revenue
n.a.
5.2.4 Number of served HH
n.a.
5.3 Water supply (piped water or from well /Zriver)
piped water ( NGO Germany)
5.3.1 Organization for water supply system
Canton
5.3.2 Water charge (Bs/month)
0

6 Social Infrastructure: for estimating demand for electricity

6.1 Existing schools (number of students)
1 elemantal school 35 students
6.2 Existing clinic (scale)
1

6.3 Village office




6.2

DEMAND(kW)
Time HHs(L) HHs(S) @ Cafe (S)  Store (S) Community (S) @ School(S) | Health Clinic (S) Total
0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.3
1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2
7 0.1 0.2 0.0 0.0 0.0 0.0 0.1 0.3
8 0.1 0.2 0.0 0.0 0.0 0.0 0.1 0.3
9 0.1 0.2 0.1 0.0 0.0 0.1 0.1 0.6
10 0.1 0.2 0.1 0.0 0.0 0.1 0.1 0.7
11 0.1 0.2 0.1 0.0 0.0 0.1 0.1 0.7
12 0.1 05 0.1 0.0 0.0 0.1 0.1 1.0
13 0.2 0.6 0.1 0.1 0.0 0.1 0.1 1.2
14 0.2 0.6 0.1 0.1 0.0 0.1 0.1 1.1
15 0.1 05 0.1 0.1 0.0 0.1 0.1 1.0
16 0.2 05 0.1 0.1 0.0 0.1 0.1 1.1
17 0.2 0.7 0.1 0.1 0.1 0.2 0.1 15
18 0.2 0.8 0.1 0.1 0.1 0.2 0.1 1.7
19 0.3 15 0.1 0.2 0.1 0.2 0.1 2.6
20 0.8 35 0.1 0.2 0.1 0.1 0.0 4.9
21 0.8 35 0.0 0.2 0.0 0.0 0.0 4.6
22 04 1.8 0.0 0.0 0.0 0.0 0.0 2.3
23 0.2 0.8 0.0 0.0 0.0 0.0 0.0 1.0
Total (kWh/day) 4.0 16.7 1.1 1.1 04 1.3 1.3 27.3



6.3

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW
0<V<0.5 18.1 16.5 104 13.0 24.2 30.2 25.8 37.3 45.4 50.3 26.3 104 21 3.2 8.0 141
0.5<=Vv<1 9.5 75 6.6 8.7 11.2 114 6.5 85 120 8.7 103 35 1.6 13 7.3 9.7
1<=V<2 196 124 7.9 7.0 114 139 125 112 6.6 8.7 132 7.6 41 2.3 105 119
2<=V<3 131 6.4 8.6 8.6 147 211 16.4 112 77 9.3 9.6 6.7 3.3 2.9 105 13.0
3<=Vv<4 9.0 116 9.9 154 182 125 16.6 9.2 6.6 7.1 10.0 7.3 49 3.6 8.6 146
4<=V<5 10.1 10.1 13.0 17.0 13.3 6.8 9.9 108 9.8 8.2 9.6 8.3 55 5.2 112 16.8
5<=V<6 8.0 10.1 13.0 16.3 4.7 3.0 7.0 6.5 6.0 1.6 6.4 9.4 8.1 6.3 153 8.1
6<=V<7 6.0 12.0 12.8 9.6 1.6 0.7 34 2.7 3.8 3.8 2.8 7.4 9.4 10.2 115 5.4
7<=V<8 2.5 6.7 115 34 0.7 0.5 1.0 12 2.2 0.5 5.0 6.0 107 13.2 7.0 2.7
8<=V<9 2.5 3.0 4.8 05 0.0 0.0 1.0 0.8 0.0 11 14 6.5 131 13.0 35 2.2
9<=V<10 15 11 13 0.2 0.0 0.0 0.0 0.8 0.0 0.5 3.9 9.0 126 137 2.6 1.6
10<=v<11 0.0 1.9 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 6.0 111 8.1 0.6 0.0
11<=v<12 0. 0.7 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.7 51 6.4 6.5 0.6 0.0
12<=V<13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 41 3.9 3.5 0.0 0.0
13<=v<14 ' 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 1.8 2.0 1.0 0.0
14<=v<15 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.7 0.7 1.0 0.0
15<=v<16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 1.2 0.0 0.0
16<=Vv<17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.0 0.3 0.0
17<=V<18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0
18<=V 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.3 0.0
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100



6.4

Caripe Jan. Feb Mar Apr May Jun Aug Sep Oct Nov Dec

Temperature 50 7.1 73 70 55 32 18 44 64 72 82 8.0
Barometric Pressue hPa) 768 7653 7653 7653 7653 7325 7804 7811 780.9 7811 7457 752.3
Air Density kg/m"3) 0.96 0.952 0.951 0952 0.957 0.924 0.989 0981 0.974 0971 0.924 0.933
Average Wind Speed (m/s) 3.2 3.8 36 33 43 55 55 52 55 50 56 4.8
Wind Energy Density (W/m"2)  30.0 496 422 325 723 1460 1564 131.0 1539 1153 1541 98.0

6.5

* Barometric pressures from February to May are the average of the other months

N  NNE

NE ENE

E

ESE

SE

SSE

S

SSW  SW WSwW W  WNW NW NNW

Caripe 023 021 023 025 029 028 026 029 028 029 026 019 014 014 021 0.25




6.6

Unit : US$.
Item Cost Note
1. Installation Works 29,299
1.1 Installation Work 13,187
1.2 Installation Materials 16,112
2. Wind generator, PV system, etc. 95,030
2.1 Wind generator 34,382 10kW
2.2 PV system 35,603 4kWp
2.3 Inverter 5,835 8kVA
2.4 Battery 5,754 8kAh
2.5 Control house 13,456
3. Distribution Line 13,235
4. Transportation 20,100
5.Direct Cost Total 157,664 1.+2.+3.+4.
6. Administration and Engineering Servi 13,874 8.80%
Total Construction Cost 171,538 5.+6.



7.1

Items for Survey on the Selected Candidate Sites @V, MHP, Wind )

1. Name of Village / Canton Municipio
Chachacomani (Prefecture; Oruro / Province; Sajama /
Municipality: Turco/ Canton: Chachacomani )
2. Location and Access: --km from Road--(earth road)
350 km from Oruro
3. Nos. of HH and Population: per Village /7 Canton
Population: 470 Households: 232
4. Rural Economy
4.1 Major economic activity: agriculture, livestock breeding, others (---)
Agriculture (kinua) Livestock
4.2 Industrial Facory (wood and mber, wool, others)

4.2.1 Number of Fa?:tories
4.2.2 Energy Sourcgs (diesel or other)
423 Caparc]:i?y of generator (kW) and annual electricity consumption (kWh)
424 FuturEaéxpansion plan
0

5. Economic Infrastructure

5.1 Access to Major town (---km by paved or earth road)
LaPaz 350 km to La Paz, 335km paved
5.2 Electricity (existing energy sources diesel microhydro, or kerosene)
kerosene
5.2.1 OM Organization (Cooperative or Company ) and number of staff including
n.a.
5.2.2 OM cost per year
n.a.
5.2.3 Electricity tariff (Bs/kWh or Bs per month) and annual revenue
n.a.
5.2.4 Number of served HH
n.a.
5.3 Water supply (piped water or from well /river)
piped water 40 families
5.3.1 Organization for water supply system
Canton
5.3.2 Water charge (Bs/month)
12 Bs/Mo
6 Social Infrastructure: for estimating demand for electricity

6.1 Existing schools (number of students)
1 elemantal school 75 student
6.2 Existing clinic (scale)
1 small
6.3 Village office
1




7.2

DEMAND
Time HHs(L) HHs(S) @ Cafe (S)  Store (S) Community (L) = School(L) @ Health Clinic (L) Demand

0 0.2 0.7 0.0 0.0 0.0 0.0 0.0 0.9
1 0.1 0.4 0.0 0.0 0.0 0.0 0.0 05
2 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.3
3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
5 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.3
7 0.2 0.3 0.0 0.0 0.0 0.0 0.1 0.6
8 0.3 05 0.0 0.0 0.0 0.1 0.1 0.9
9 0.3 05 0.1 0.1 0.0 01 0.1 1.1
10 0.3 05 0.1 0.1 0.0 0.1 0.1 1.2
11 0.3 05 0.1 0.1 0.0 0.1 0.1 1.2
12 0.4 0.8 0.1 0.1 0.0 0.1 0.1 1.6
13 0.6 0.8 0.1 0.2 0.0 0.1 0.1 1.8
14 0.6 0.7 0.1 0.2 0.0 0.1 0.1 1.7
15 0.3 0.6 0.1 0.2 0.0 0.1 0.1 14
16 0.3 0.6 0.2 0.2 0.0 0.1 0.1 14
17 0.6 11 0.2 0.2 0.0 0.2 0.1 2.3
18 0.8 2.0 0.2 0.1 0.1 0.2 0.1 35
19 14 35 0.2 0.1 01 0.2 01 55
20 24 6.8 0.2 0.1 0.1 0.2 0.0 9.7
21 2.4 6.8 0.2 0.0 0.0 0.0 0.0 94
22 16 4.8 0.2 0.0 0.0 0.0 0.0 6.6
23 0.8 3.0 0.0 0.0 0.0 0.0 0.0 3.8

14.0 355 2.0 14 0.3 15 1.3 56.0



7.3

N NNE NE ENE E ESE SE SSE S SSw SW WSW W WNW NW NNW
0<V<0.5 8.3 8.8 5.6 7.6 8.4 45 24 59 51 55 4.7 24 24 48 6.3 6.1
0.5<=Vv<1 8.9 58 5.6 6.8 8.4 57 42 5.1 8.1 85 6.3 6.3 5.7 75 141 10.4
1<=V<2 20.1 139 16.7 199 210 215 118 125 233 22.2 19.0 158 151 133 28.8 20.6
2<=V<3 135 17.7 22.3 246 26.2 22.7 241 20.0 19.2 238 243 213 124 9.1 152 143
3<=V<4 103 16.7 21.9 174 18.7 20.6 26.5 27.6 176 123 136 174 75 4.3 75 143
4<=V<5 126 153 135 123 7.9 131 175 178 138 9.9 7.8 95 6.0 38 8.3 111
5<=V<6 10.1 8.8 6.0 6.4 47 6.3 7.2 7.0 6.8 6.6 5.6 6.5 43 4.7 5.0 10.2
6<=V<7 6.9 7.1 5.6 3.0 3.3 45 4.6 1.9 33 44 47 42 6.4 51 5.0 44
7<=V<8 4.9 1.7 12 04 0.5 0.9 15 1.8 11 2.2 4.0 3.2 6.7 52 2.8 2.7
8<=V<9 0.6 14 04 13 0.9 0.3 0.0 0.1 11 2.7 2.0 44 7.6 51 2.6 2.9
9<=V<10 14 0.7 0.8 0.0 0.0 0.0 0.1 0.3 05 14 1.8 3.3 5.6 5.6 1.2 1.7
10<=Vv<11, 11 14 0.0 04 0.0 0.0 0.0 0.0 0.0 0.5 2.9 3.1 5.2 3.9 1.2 1.0
11<=V<12| 11 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 11 47 34 0.2 0.0
12<=V<13, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 05 0.9 2.9 34 0.7 0.0
13<=V<14, 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 05 0.6 2.2 3.6 0.0 0.2
14<=V<15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14 29 0.0 0.2
15<=V<16 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.6 0.7 0.0
16<=V<17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14 24 0.3 0.0
17<=V<18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 15 0.3 0.0
18<=V 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 79 0.0 0.0
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100



7.4

Chachacomani Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temperature 56 71 77 75 63 34 24 46 65 75 81 79
Barometric Pressue hPa) 738 7583 7583 7583 7583 726.6 7722 7726 7726 7727 7678 743.8
Air Density kg/m”3) 0.92 0943 0941 0942 0946 0916 0977 097 0963 0.96 0.952 0.922
Average Wind Speed (m/s) 25 35 29 34 42 50 65 60 46 37 47 35

Wind Energy Density (W/m*2) 137 3841 218 3516 66.57 108.7 2548 199 89.04 4618 93.85 3757

* Barometric pressures from February to May are the average of the other months

7.5

N NNE NE ENE E ESE SE SSE S SSwW SW WSW W  WNW NW NNW

Chachacomani 022 025 028 028 03 032 032 029 028 025 022 02 02 019 025 023




7.6

Unit : USS$.
Item Cost Note
1. Installation Works 41,855
1.1 Installation Work 18,838
1.2 Installation Materials 23,017
2. Wind generator, PV system, etc. 217,954
2.1 Wind generator 68,763 20kW
2.2 MHP 120,000 3kw
2.3 Inverter 10,211 14kVA
2.4 Converter 2,647 10kVA
2.4 Battery 2,877 4kAh
2.5 Control house 13,456
3. Distribution Line 17,982
4. Transportation 22,334
5.Direct Cost Total 300,125 1.+2.+3.+4.
6. Administration and Engineering Servi 26,411 8.80%
Total Construction Cost 326,536 5. +6.
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Y ear 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Benefit

Investment

Diesel Generator 48,750 48,750

Automatic Transfer Switch 1,910 1,910

Protection Box 917 917

Building 1,500 1,500

Secondary Distribution Line 92,946

OM Cost

OM Cost of the Diesel Generator, 1,289 2579 2579 2579 2579 2,579 2,579 2579 2579 2579 2579 2579 2579 2579 2579 2579 2579 2579] 2579 2,579

OM Cost of the Distribution Lines 1,162 2,324  2,324] 2,324 2,324] 2,324 2,324 2,324 2,324 2,324 2,324 2,324 2,324 2,324| 2,324 2,324] 2,324 2,324] 2,324 2,324

Fuel cost 13,048 26,006] 26,096 26,096 26,096 26,096| 26,096 26,096 26,096 26,096 26,096| 26,096 26,096 26,096] 26,096 26,096 26,096 26,096| 26,096 26,096
Total Benefit 161,522 30,999] 30,999 30,999] 30,999] 30,999] 30,999 30,999 30,999 30,999] 84,076 30,999 30,999 30,999] 30,999 30,999] 30,999] 30,999] 30,999 30,999
Cost

Investment

Wind Turbine 216,000

PV System 112,000

MHP 0

Inverter 32,000 32,000

Converter 3,600 3,600

Battery 22,000 22,000 22,000

Control House 10,000

Installation Materials 66,207

Installation Work 57,931

Transportation 92,946

Secondary Distribution Lines 29,904

Administration Cost 56,548

OM Cost

Wind PV Hybrid System 3,636 7272 7272 7272 7,272 7,272 7,272, 7272 7272 7272 7272 7272 7272 7272 7272 7272 7272|7272 7272 7272

Secondary Distribution lines 374 748| 748| 748| 748 748| 748| 748| 748 748| 748 748| 748 748| 748 748| 748 748| 748 748|
Total Cost 703,146 8,020 8,020 8,020] 8,020 8,020 30,020 8,020 8,020 8,020] 43,620 8,020 30,020 8,020] 8,020 8,020 8020 8,020 8,020 8,020
Balance 541,623] 22,979] 22,979 22,979 22979 22,979 979 22979] 22,979] 22,979] 40,456] 22979]  979] 22,979] 22,979] 22,979 22979 22,979 22,979] 22,979

EIRR

[ -26%)|




8.2

Y ear 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Benefit
Investment
Diesel Generator 7,500 7,500
Automatic Transfer Switch 1,910 1,910
Protection Box 917 917
Building 1,500 1,500
Secondary Distribution Line 9,200
OM Cost
OM Cost of the Diesel Generator, g 258 516 516 516 516 516 516 516 516 516 516 516 516 516 516 516 516 516 516 516
OM Cost of the Distribution Lines 115 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230
Fuel cost 3,273 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546 6,546
Total Benefit 24,673 7,292 7,292 7,292 7,292 7,292 7,292 7,292 7,292 7,292 19,119 7,292 7,292 7,292 7,292 7,292 7,292 7,292 7,292 7,292
Cost
Investment
Wind Turbine 27,000
PV System 28,000
MHP 0
Inverter 4,000 4,000
Converter 0
Battery 4,000 4,000 4,000
Control House 10,000
Installation Materias 9,655
Installation Work 8,448
Transportation 14,938
Secondary Distribution Line 9,200
Administration Cost 10,141]
OM Cost
Wind PV Hybrid System 590 1,180 1,280 1,180 1,180] 1,180 1,180 1,180] 1,180 1,180 1,180 1,180 1,180 1,180 1,180 1,280 1,180 1,180 1,180 1,180
Secondary Distribution lines 115 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230
Total Cost 126,087 1,410 1,410 1,410 1,410 1,410 5,410 1,410 1,410 1,410 5,410 1,410 5,410 1,410 1,410 1,410 1,410 1,410 1,410 1,410
Balance -101,414] 5882] 5882 5882 5882] 5882 18382 5882 5882 5882 13,709 5882 1882 5882 5882 5882 5882 5882 5882 5882
EIRR [ 1.0%]
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Y ear 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Benefit
Investment
Diesel Generator 15,000 15,000
Automatic Transfer Switch 1,910 1,910
Protection Box 917 917
Building 1,500 1,500
Secondary Distribution Line 12,500
OM Cost
OM Cost of the Diesel Generator, € 446 891 891 891 891 891 891 891 891 891 891 891 891 891 891 891 891 891 891 891
OM Cost of the Distribution Lines 156 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313
Fuel cost 6,222 12,444 12,444 12444 12,444 12,444 12,444| 12444 12,444 12,444 12,444 12,444 12444 12,444 12,444 12,444 12444 12,444 12,444 12,444
Total Benefit 38,651| 13,648| 13,648 13,648| 13,648| 13,648 13,648 13,648 13,648| 13,648 32,975 13,648 13,648| 13,648| 13,648 13,648 13,648| 13,648| 13,648 13,648
Cost
Investment
Wind Turbine 54,000
PV System 0
MHP 102,749
Inverter 7,000 7,000
Converter 1,800 1,800
Battery 2,000 2,000 2,000
Control House 10,000
Installation Materials 13,793
Installation Work 12,069
Transportation 16,598
Secondary Distribution Lines 12,500
Administration Cost 20,461
OM Cost
Wind PV Hybrid System 1,655] 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311 3,311
Secondary Distribution lines 156 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313 313
Total Cost 254,781 3,623 3,623 3,623 3,623 3,623 5,623 3,623 3,623 3,623| 12,423 3,623 5,623 3,623 3,623 3,623 3,623 3,623 3,623 3,623
Balance 216,130] 10,024] 10,024] 10,024] 10,024] 10,024] 8,024 10,024] 10,024] 10,024] 20,551] 10,024] 8,024] 10,024] 10,024] 10,024] 10,024] 10,024] 10,024] 10,024
EIRR -0.9%
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I1D. No. Site Name
1 Achiri
2 Charana
3 Ramon Gonzales
4 Isla Taquiri
31 5 SanTiago de Llallagua
ID. No. _ [Site Name
6 Comjo / Coipasa
Caripe
8 Chachacomani
Salinas de Garci
3.2 9 Mendosa
10 Sevaruyo




100 % 25 %
L ]

01 Achiri 02 Charana

25 % 100 %
L ]

03 Ramon Gonzales 04 Isla Taquiri

15 %

05 Santiago de Llallagua

3.3
(20m),
2000 2 2001 1




30 % 20 %
L ]

06 Between Comjo and Coipasa 07 Caripe

15 % 25 %
L ]

08 Chachacomani 09 Salinas

100 %

10 Sevaruyo

3.4
(20m),
2000 2 2001 1
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2000 1 11
Hotel Presidente

10:00 am. —10:30 am.

Juan MendozaR., Chief of Energy Development Department, VMEH
Mitsuo Sugiyama, Subdirector of JICA Bolivia office

10:30 am. —11:00 a.m.
1. JCA

(11:00 am. -11:20 am.:

11:20 am. —12: 35 p.m.
2. 1

12:35 p.m. — 12:50 p.m.
(1)

(13:00 p.m. —14: 25 p.m.:

14:30 p.m. — 15:15 p.m.
3.

(15:15 p.m. — 15:40 p.m.:

15:40 p.m. — 16:40 p.m.
4.

16:40 p.m. —17:10 p.m.
@)

17:10 p.m.

10:00 am. —17:10 p.m.
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(©)
Juan Mendoza (Jefe Unidad de Desarrollo Energético)

Carlos Gordillo (Consultor Unidad de Desarrollo Energético)
Renan Orellana L. (Consultor VMEH)

()]

Raul Ruiz (Director, Departament de Infraestructura)
Joaquin Pando

Clemente Rojas Ugarte (Jefe, Unidad de Energia)

Mario Eguez C.

Carlos Lopez Saravia

Carlos Cruz

(8)
Felix Castaniares A. (Director, Departamento de Infraestructura)
Jorge Guzman (Jefe, Unidad de Energia)

Ramiro Pinto Villarrod

Fernando Veliz

Edgar Torrez

(4)
Lutgardo Alvarez (Gerente General de ELFA, S.AA. en LaPaz)
Jaime Yanez Saavedra (ELFA, S.A.)
Demetrio Ledn (Administrador de COSEP en Oruro)
Ninoska Pardo Echalar (COSEP)

(1)

Javier Lépez Videla

()

Raymundo Vicente Marca
Tito Quispe Marca
Juan Prado Garnica

Jose Mendoza Condori
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Simoén Checa
Daniel Mamani

Martin Coaquira

JICA (@)

Mitsuo Sugiyama
Tatsuaki Inoue

JICA )]

Toshikazu Tai (Team Leader)
Hidehito Wakabayashi
Tsutomu Dei

Masafumi 1keno

Tsutomu Dei
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2.1 2

2000 6 9
International Park Hotel in Oruro

13:30-13:45
1) Mr. Boris Medina C, Director General de Prefectura Oruro
2) Mr. Juan Mendoza, VMEH

3) Mr. Inoue, JICA Boliviaoffice

13:45-14:15
JCA

14:15-14:45
JCA

14:45-15:15

15:15-16:00

JCA

16:00-16:30

16:30 - 16:45
(Mr. Tai, Team Leader of the JJICA Study Team)
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(©)
Juan Mendoza (Jefe Unidad de Desarrollo Energético)

Carlos Gordillo (Consultor Unidad de Desarrollo Energético)
Renan Orellana L. (Consultor VMEH)

(8)
BorisMedina C. (Director General de Prefectura Oruro)
Felix Castaniares A. (Director Departamento de Infraestructura)

Fernando Tapia C.

Jorge Guzman (Jefe Area de Energia)
Rumiro Pinto Villarrod

Fernando Veliz

AnaMaria Sanchez A

Patricia Valdivia lrahola

I C)]

Clemente Rojas Ugarte (Jefe Area de Energia)
Mario Eguez C.

Carlos Lopez Saravia

Marcelo Portillo

(4)
Lutgardo Alvarez (Gerente General de ELFA, S.AA. en LaPaz)
Giovanny Bustillos (ELFA, S.A))
Demetrio Ledn (Administrador de COSEP en Oruro)
Ninoska Pardo Echalar (COSEP)

)]

Javier Lopez V. (PV supplier, ICM)

Ernesto Uchazra (PV supplier, ICM)
Emilio Montafio Gonzales (UM SA)

Eleuterio Escobar Canaviri (Feredacion Cooperativos Huanconi)
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(14)
Adalberto Quispe (San francisco de Llallagua)
Tito Quispe Marca (San francisco de Llallagua)
Sacarias Vicente Q. (Santiago Hiruyo)
Emigdio Herrera Q. (Catavi)
Y smael Mamani M. (Catavi)
Teofilo Guayguasi (Millo)
Santiago Quispe (Millo)
Sacarias Lima (Culli Culli Alto)
Pedro Mamani T. (Culli Culli Alto)
Dionicio Pancata Santos (Culli Culli Alto)
Luis VeraMarca (Calteca)
Martin Bautista T. (Calteca)
Petrona C de Bautista (Calteca)

Guillermo Guarachi Huanca (Muruchapi)

(2)
Simon Checa M. (Paria Pampita)

Jose Mendoza C. (Laguna Ancocota)

JICA (1)
Tatsuaki Inoue

JICA (7N

Toshikazu Tai (Team Leader)
Hidehito Wakabayashi
Tsutomu Dei

Kinuyo Fukuda

Masafumi 1keno
LuisaRovallo (Interpreter)
Rolando Calla Z. (Interpreter)
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11 3

2000 9 3
Hotel Radisson

1. Introduction of JICA Study
1.1 Objectives of the Study
1.2  Study Organization
1.3 Schedule of Survey and Study
1.4  Contents of the Study

2. Rural Electrification in Bolivia/La Paz and Oruro

2.1 Rural Electrification in Bolivia
1) VMEH Policy
2) Progress of PRONER
3) Rural Electrification Investment

2.2 Rurd Electrification in La Paz and Oruro

1) Trend of Rural Electrification

2) Present Situation of Rural Electrification
3) Target Households for Rural Electrification

4) Potential Demand for Electricity

3. PV Pilot Project and O&M
3.1 Survey and Study Conducted
3.2 PV System Installed and O&M System
1) Components of PV System
2) Organization for O&M
3.3 Monitoring and Analysis
1) O&M by Operator
2) Payment of Tariff
3) Monitoring of Users
4) Radiation Analysis
3.4 PV Inventory and PV Potential
1) PV Inventory
2) PV Potential
3.5 Technical Evaluation of PV System
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3.6 Evaluation of O& M

4. Survey and Study on Micro-hydro Power
4.1 Survey and Study Conducted
4.2 Micro-hydro Power Inventory and Power Potential
4.3 Installation of Staff Gauges and Discharge M easurement
4.4 Selection of Candidate Projects for Pre-feasibility Study
1) Selection Criteria
2) Selected Projects
4.5 Process of Pre-feasibility Study and Results
1) Work Flow of Pre-feasibility Study
2) Optimization Study
3) Formulated Schemes
4) Results of Evaluation

5. Wind Monitoring System and Study of Wind Power
5.1 Survey and Study Conducted
5.2 Installation of Monitoring System
5.3 Monitoring and Data Collection

1) Collected Data and Analysis

2) Wind Power Potential
5.4 Selection of Candidate Sites for Pre-feasibility Study
5.5 Process of Pre-feasibility Study and Result

1) Work Flow of Pre-feasibility Study

2) Optimization Study

3) Formulated Schemes

4) Results of Evaluation

(Lunch)

6. Rural Electrification Plan by Renewable Energy
6.1 Objective Renewable Energy and Planning M ethodology
1) Objective Renewable Energy Sources
2) Cost Comparison
3) Methodology of Rural Electrification Planning
6.2 Rural Electrification Plan
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1) Micro-hydro Power Development Plan

2) Wind Power Development Plan

3) PV System Development Plan

4) Grid Extension Plan

5) Overall Projection of Rural Electrification
6) Environmental Impacts

7. Organizational and Financial Plan
7.1 Implementing Structure
1) Implementing Organization
2) Operation and Maintenance System
7.2 Fund Arrangement Plan
7.3 Ingtitutional Support
1) Planning Capacity Improvement
2) Improved Coordination
3) Research and Training

8. Recommendation
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C.C. Alto

Ing. Felix Castanares
Ing. Raul Antezana
Ramiro Pinto

Ing. Jorge Castillo

Mr. Martin Bautista
Mr. Petronade Bautista
Mr. Cristobal Torrejon
Mr. Dionicio Pancata

IV -19



V)

3)

- Calacachi

- Cafluma
- SicaSica

- Charaiia
- PariaPampita

- Laguna Ancocota

- ELFASA
- COSEP

Major of SicaSica
Major of Ayo Ayo

: (5)

4)

a) NRECA
b) Cooperacion Espafiola
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Japan International Cooperation Agency
Vice Ministry of Energy and Hydrocarbons,
BOLIVIA

- First Seminar -

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

Scope
of
JICA Study
&
Schedule

Objectives

» to formulate a Rural Electrification
Implementation Plan by Renewable Energy
in LaPaz & Oruro

* to transfer technology

Target Region & Renewable Energies
e Target Regions: LaPaz & Oruro
» Target Renewable Energy Sources:

(i) Photovoltaic power :

(i) Micro-hydro power :

(iii) Wind power :

Overall Work Flow

| F.Y. 1999 | F.Y.2000 | F.Y.2001 |
7181910f11[12]1121314]15]6[7[8[9(10J11]12)1]12[3[4[5[6[7[8]9]10
Q. 2. L EON [ON @
PV System Monitoring and Operation & Maintenance ‘
I
Rural
Electrification Ptan [/ l;u
using PV system c
Micro-Hydro Power Development i
Installation m
of Gauge Pre-F/S a
Field Observation (Discharge Measurement) 5"
Wind Power Development {—,’-
=}
Ingtallation Fiad O - T
i i servation >
ofwind 1 pefsh | 8
Monitoring (Wind Data Monitoring)
System

2. Results of the
First Survey
Conducted during
Aug. - Sep., 1999




Summary of Study Conducted

Photovoltaic power
Micro-hydro power

* Wind power
Socio-economic sector

Photovoltaic
Power

Summary of Study Conducted
- Photovoltaic power (1) -

e First Field Survey

— Selection of PV pilot project sites (270 PV
systems)

— Inspection of PV system equipment procured in
Bolivia

— Formulation of OM system for PV including
organization and power charge structure

— Supervision of installation

Summary of Study Conducted
- Photovoltaic power (2) -

* Second Field Survey
— Supervision of PV installation

— Installation of irradiation equipment with data
logger

— Guidance of OM for users and operator
— Preparation for monitoring

JICA PV Project in Bolivia

Structure for Sustainability

Organization for the project

VME!
La Paz Pref.

H
Oruro Pref.
JICA STUDY TEAM

ORURO Pref.
ELFA
REC




Organization for the project

Coordinating Group
Overall management for the project, Audit
the financial matters Report the financial
matters to JICA

Overall management, Audit the financial
matters
Management Unit

Collect Initial Payment & Monthly Charge,
Management for the Monthly Charge,

Operation & Maintenance for PV System,
Training, Manage spare parts

Pay Initial Payment & Monthly Charge to
Operator, Responsible for PV System

(# Calteca, Santiago & Sanfrancisco, Patacamaya and Paria )

Solar Home System

QD F b o,

yy L2V 10084 o )
« Llogaids : Thineeef o esseen fighhss@ SSW
Reakio oor EBAeekERWWiiesTIA/ (1seess oppidm) )

Tariff system

— The above tariff is basically fixed.

— Management unit will discuss and make agreement on
the tariff change when economical substantial change
happens.

Initial payment Bs 700
(Total cost Bs 5300)

8times payment installment

Initial payment Bs 700
(Total cost Bs 5300)

*Pay to Operators ( ELFA & COSEP)

by Prefectures
by VMEH & JICA

*Revolving fund

rawn with Delayed payment

Monthly fee Bs 30

I

*Pay to Operators (ELFA & COSEP) in the end of
every month

*Managed by Operators (ELFA & COSEP) in the
exclusive bank account

*Audited by VMEH and JICA




Monthly fee

]

*Manpower cost for Operators

*Monthly patrol

*Trouble shooting
*Material cost

«Distillated water for batteries

*Wires and fixtures (Except users belongings)
*Replacement cost of parts

*Battery & Controller (Except lights, PV panel)

Monitoring

Operation & Maintenance
System Use
Financial Management

Socio- Economic Change

Monitoring
Operation & Maintenance

Monthly maintenance

Occasional maintenance

Organization in charge
La Paz Prefectures
Oruro Prefectures

Monitoring

Monitoring

Irradiation  Power
Power Use

Loads in use
Hours inuse
System condition

Monitoring
System Use

Proper Use
Daily maintenance

Demand
size / quality / cost
application

Organization in charge
ELFA
COSEP




Monitoring Monitoring
Financial Management Socio-economical change

Financial Management Payment
Life style / Merit

Home economy / Cost

Organization in charge

Organization in charge ELFA
° ’ COSEP
VMEH

Monitoring Monitoring
Technical Data Charge & Object Matrix

3 Months 3 Months Monthly
Vonjhi
Irradiation vs Power
adiation vs Powel ——

Power vs Proper Use
OBJECT

OBJECT OBJECT
OBJECT OBJECT

Organization in charge OBJECT  OBJECT OBJECT  OBJECT
ELFA
COSEP

OBJECT OBJECT OBJECT

Monitoring Monitoring
Organization for Report The Collected Data Processing

—

JICA STUDY TEAM
4— in Japan

in Bolivia

REC
REC SANTIAGO & REC
CALTECA SANFRANCISCO PATACAMAYA

Users Users Users.
CALTECA SANTIAGO & PATACAMAYA
SANFRANCISCO




Monitoring
The Collected Data Processing

Users guide

Sustainable use
of
the PV system

Users guide

Payment duty

Users guide

Convenient life

Sustainable use
of
the PV system

Users guide

Convenient life

Sustainable use
of
the PV system

Users Guide

LIGHT Bw
RADIO 15W/
B/WTV:20W/

LOADS LIGHTS LGHT + RADIO  LIGHT + TV

USE ONE TWO

POWER(W) 15 15+15 15+ 15

USE ( hours )

TOTAL (Wh) 105 105

Pattern of loads Use




Users guide

Do

Observe water level in the battery
enough or not enough

Report the situation immediately and precisely to
REC in case of trouble comes

Users guide

~ Donot

Do not touch and move any thing

except lights and switches
Do not let children go close to the battery
(The battery extracts harm gas)

Do not come close to anP/ part of the total system in
case of the thunder lighting

Users guide

- Punishment

use with REC users will
of the PV system
with the agreement in
Management Unit

Operation & Maintenance

The person in charge

SEEY
for
IR ETINY

Users guide

 System Transfer -

The system to be removed
on the Prefecture account

with Grid line connected

Maintenance Schedule

Observe battery water level

Check and add water to the battery electrolyte

Equalize batteries in case that Specific Gravity difference seen between cells

Check array wiring for physical damage, mounting hardware for tightness

Inspect battery terminals for corrosion. Clean and put grease as needed




Wiring, Fixtures & Loads
Maintenance

Array Maintenance

Checking points
+ Wash module surface as needed using soft cloth and water

« Clean in early morning or evening, when the sun is
below the horizon

Remove
Clean

Fasten

Taping
» Examine all wiring connection for corrosion or looseness al
« Clean and tighten as necessary call
Replace

* Inspect module for cells condition Repair or replace

Battery Maintenance

*Make sure the battery enclosure is well ventilated M I C r O — h y d r O
*Measure specific gravity of all cells using hydrometer P O W e r
*Wear gloves & eye protection

«Check all caps for the cells existing or not
*Put plastic cover loosely in the cell hole

Overall Study Plan

e Field Survey & Instdlation of Staff Gauge 1. DataCollection

* Discharge Observation —meteorology,hydrology, geology, etc.

¢ Selection of Potential 5 Sites Each * 2. Selection of Discharge Observation Sites
« Prefeasibility Study on Selected 2 Sites and Measurement

o 3. Staff Gauge Installation




Classification of Hydro Power

Unit : Potential [KW/

Scale - § i )
Japan | Sweden | France | U.S.A. | Indonesia | Thailand | Bolivia

Large | > 50,000

>1,500 |>4,500|>1,500| >2,000 | >6,000 [>1,000
Middle | ~ 20,000

N ~ 5,000

Small ~ 1,000 ~1,000
(<3,000)

Mini 1000 | <1500 |<4,500|< 1,500 <6,000 | _s50p

< 1,000
Micro | < 1,000 <100
Source: *L: Japanese Institute of Irrigation and Drain
Power house 2: "Pequefios Aprovechamientos oenerge ea Rural
(Casa de Maquinas) Programa Hidro Instituto de Hidraulica e Hidrologia, UMSA, Bolivia

Hydropower Potential in Bolivia MHP Inventory (La Paz & Oruro)

High Potential Area
(>100 GWh/ year/ km?)

Low

Low

Il £XISTING MHP

Source: VMEH (Updated by JICA Study Team, 1999)

(Source: VMEH, JICA Studx Team

Selection Process for Discharge
Selection Criteria for Discharge Observation Site
. Discharge Observation| Head Hydro Grid
Observatlon No Name D\’sr:[\:)ue On;:{r;ed () |potont|Demand | Cost | ¢ S over-al
1 |Yanamayu 067 |29-Aug-93| 26 c > .
2 |canlaya/Culva 032 | 03-Sep-99| 30 o -
* 1. Outside of Grid Extension Plan 3 [Rio harzer 250 oesepso| - | x| o | x X
4 |Rio Ninocorin 0.97 02-Sep-99 X X X
5 |Amarete 0.41 03-Sep-99 c >
° 2 S| Zab| e N umber of Hou%ho| d 6 |camata (4) Rio Quillarwaya 267 | 02Sep99| 50 ¢
7 |Camata (B) Camata Canal 0.03 |02-Sep-99| 50 c o
) 8 [Camata (C) 15.13 02-Sep-99 50 X X X
» 3. Good Access to the Site o |5 d
10 |Ixiamas 263 23-Oct-99 .
1 |Tomarapi 010 |07-Sep-99| 30 X
* 4. High Potential of Hydropower (discharge 2 Jsdana () 03 _|ossepse] 1 x
3 [Sajama (B) 0.05 08-Sep-99 15 X X X
4 |Chachacomani (A)Rio Jaruma 0.05 |09-Sep-99 | 60 .
and hew) 5 | -Do- (B)Rio Chohojho 0.03 |09-Sep-99 | 80 X > X X
6 | -Do- (C)Rio Sajama 214 | 09-Sep-99| 60 .
7 [Rio Lauca 162 |10-Sep99| 1 X X X
8 [Juro 0.04 10-Sep-99 50 X > X X




Site Selected 1or
LeilRisgharge Observation

2.Hydro Potential

3.Access Road
Selected Site

- . Daily | Obs.
No| Name Prefec- Provin Municipi Canton Hous [ River Ste Install of WL Ibischarg
ture 0 e hold |(Cuenca)| Staff gauge
observe| e
F. Rio 10kmfrom ° °
1)Apolo [LaPaz Tamayo Apolo  [Apolo | 500 Tuiapu | Aporotoun (14-;;)0‘:(. o (14g (g))ct
) ) 10mSW o o
zrs‘a'm LaPez |Iturrdde ;?L‘:av iames | 200 $'°u s [rombiames| ea-250t. | o | eson
G tonn %) %)
Rio Curahuar :Elanu Rio 45kmSwW o
3 Oruro (Sajama  |ade . 240 fromQuimsajl ° o (6 Nov.
Jaruma Coranges Quimsa, Jaruma Bdatown (6-7 Nov. 99) %)
Jekke
Ecia 11kmSE
Rio . Chachaco | Centro Rio from °
- N 2% .
Sjama Owro |Sjama | Morga| 40 Sjama | X X (s;g;v.
hi ni

Discharge Measurement (1)

Rio Lauca (Oruro)

Rio Yanamayu (La Paz)

Results of Discharge Observation

Discharge Observation| Head Hydro i

No Name Discharge [ Observed | (| iy | Demand | Cost | &, i, |Over-al
(m’ls) date

1 |Yanamayu 0.67 29-Aug-99 26 ©° .
2 |Canlaya/Culva 032 |03-Sep-99| 30 .
3 |Rio Charazani 250 |02-Sep99| - X o X X
4 [Rio Ninocorin 0.97 02-Sep-99 - X X X
5 |Amarete 041 | 03-Sep-99 3 o
6 [Camata (A) Rio Quillarwaya 467 | 02-Sep-99| 50 o
7 |camata (B) Camata Canal 003 |02Sep99| 50 °
8 |camata (C) 1513 |02-Sep-99| 50 X X X
9 [Apolo 199 | 14-0ct-99 o .
10 |Ixiamas 263 | 23-0ct99 .
1 |Tomarapi 0.10 07-Sep-99 30 X
2 |Sajama (A) 039 |08-Sep-99| 1 X
3 [sajama (8) 005 |08-Sep-99| 15 X X X
4 [cl (A)Rio Jaruma 005 | 09-Sep-99| 60 o > .
5 | -Do-  (BRio Chohojno 003 |09-Sep-99| 80 X ° X X
6 | -Do- (C)Rio Sajama 214 |09-Sep-99 | 60 o .
7 |Rio Lauca 162 |10-Sep-99| 1 X X X
8 |Juro 004 |10-Sep-99| 50 X o X X

Installation of
Staff Gauge (2)

Installation of Staff Gage at Rio Tequeje
(Ixiamas/ La Paz) [23 Oct.1999]

Rio Turiapu (Apolo/ La Paz)
[14 Oct.1999]

Rio Jaruma (Carangas/ Oruro) [6 Nov.1999]

Discharge Measurement (2)

Discharge Measurement at Rio Tequeje
(Ixiamas/La Paz) [23 Oct. 1999]

Discharge Measurement at Rio Turiapu
(Apolo/ La Paz) [14 Oct.1999]

Observer Training at Rio Tequeje

10



Experience of MHP related to
Sustainability
(1) Todos Santos MCH (Oruro)

(2) Ramon Gonzales (Charazani MCH, La Paz): 70kW

(3) Caranavi MCH (La Paz)

Survey and Study to be

Conducted during Second Field

Survey
« 1. Continuing Observation of Water

Level and Discharge

Wind Power

Overal Study Plan

A
Wind Monitoring

v

Pre Feasibility Study
(2 sites)

Objectives of Field Survey
(Wind Power)

* 1. Data Collection
-VMEH
-SENAMHI

* 2. Site Selection for Wind Monitoring
System

« 3. Arrangement for Installation

Flow of Field Survey

» Collection of Dataand Information, La Paz

« Site Selection for Wind Monitoring System
— (1) Establishing Selection Criteria
— (2) Map Study and Evaluation
— (3) Field Investigation
— (4) Selection of the Candidate Sites(10)

« Arrangement for Ins&allati on
— Assessment of Contractors
— Collection of Quotations

11



Selection Criteria

« Sites with wind potential

 Sites which will not be covered by grid extension within
5 — 10 years in principle

* Size of population (La Paz:1000-5000, Oruro:300-3000 )

« Geographical distribution and Access for data collection

 Sites where other alternative energy sources (except
grid extension)are available

« Sites where meteorological observation has been
recorded by SENAMHI

Evaluation

1) 2 3 ) 5)
Wind speed | Popul 1000 a Al Grid | Access Province |Area
No. _|Name (m/s) <5000 _eneg selected
1 Escoma na 4747, o x Camacho
2 Isla Taquiri na na - x o o Omasuyos
3 Jesus de Machaca na o72  x x x o ingav
4 [Tincach na 185 x x o o Pacaes
5 Caata na a0 x x B o lowm
6 Tiwanaku 19 4910 o x x o ingavi
7 |Colana 06 1468 o x x o moma
8 Hichucota 19 a0 x x o o Lo Andes|
9 Ayoayo 50 unr o x x o woma
10 patacamaya 33 10880 x x x o moma
11 Puet 26 6275 x x x o camacho
12 Charana 26 1002 o x N o Pacaes
13 Huarina a8 6280 x x x o Omasuyos
14 Achin 20 128 o PV o o Pacaes
15 na 1002 o diesel/PV o o Pacaes
16 na 2445 o diesel o o Munecas

Wind
Monitoring
Sitesin
LaPaz

® Raman Gonzales

Isla Taquiri

L]
Santiago de Llallagua
L]
Achiri

Charana

Wind Monitoring Sitesin Oruro

® Caripe

b Chachacomani

Coipasa
)

Sevaruyo
L]

Salinas de Garci
Mendosa

Achiri : LaPaz

* Municipality : Pacajes
 Population : 955
*Household : 190

*Existing alternative energy
sources: Diesel (20kWw),
PV (‘hospital and public well)

Achiri : La Paz

12



Charana : La Paz

* Municipality : Pacajes
* Population : 1200
*Household : 200

«Existing alternative energy
sources: Diesel (135kW), PV

Charana :

La Paz

Ramon Gonzales : La Paz

* Municipality : Saavedra
 Population : 200
*Household : 80

«Existing alternative energy
sources: Hydro Power Station
( from Chayazani 60kW)

Ramon Gonzales : La Paz

Isla Taquiri : LaPaz

* Municipality : Manco Kapac
 Population : 300
*Household : 100

*Existing alternative energy
sources: None

Isla Taquiri

La Paz

13



Santiago de Llallagua
La Paz

* Municipality : Aroma

* Population : 1000

*Household : 300

«Existing alternative energy
sources: None

Santiago de Llallagua
La Paz

Between Comujo and
Coipasa: Oruro
—Comujo
* Municipality : Atahuallpa
 Population : 150
* Household : 25

« Existing alternative energy sources
: Connected with Hydro Power
Station (from Todos Santos 150kW)

Between Comujo and
Coipasa : Oruro

—Coipasa
* Municipality : Atahuallpa
* Population : 500
e Household : 85

« Existing alternative energy sources
: Connected with Hydro Power
Station (from Todos Santos 150kW)

Between Comujo and
Coipasa: Oruro

Caripe : Oruro

* Municipality : Sajama
« Population : 250
*Household : 78

«Existing alternative energy
sources: None

14



Caripe : Oruro

Chachacomani : Oruro

* Municipality : Sajama
*Population : 330
*Household : 55

*Existing alternative energy
sources: None

Chachacomani : Oruro

Salinas de Garci Mendoza

* Municipality :L.Cabrera
 Population : 1500
*Household : 300

«Existing alternative energy
sources: None

Salinas de Garci Mendoza

Sevaruyo : Oruro

* Municipality : Abaroa
« Population : 2000
*Household : 400

«Existing alternative energy
sources : Diesel (60kW)

15



Sevaruyo : Oruro

Survey and Study to be
Conducted during the Second
Field Survey

1. Installation of Monitoring System(10 sites)

* 2. Preparation for the Monitoring(organizational
structure)

« 3.Data Sampling

Social Survey

Objectives
(Social Survey)

« - Socio-economic profiles of local people &
communities

« - Needs and acceptance of the local people
and communities to rural electrification

* - Local participation in the process of rural
electrification

Survey Methods

- Key Informant Survey

Interview Survey using the Participatory
Rural Appraisal (PRA) method

- Household Survey

Interview Survey using the Rapid Rural
Appraisal (RRA) method with Questionnaire

Location & Size

Prefecture Operating Selected PV Site Number of Distance to

organization Interviewee | the nearest
s town
35km
Calteca 40 (Patacamay
LaPaz ELFA, SA. i)BSk
Sanfrancisco de 10 oxm
(Huachaca)
Llallagua
17km
Santiago de Hiruyo 10 (Huachaca)
Iruma 20 2dkm

(Oruro-city
30km

oruro COSEP Paria Pampita 10 (Oruro-city)
30km

Ancocota 10 (Oruro-city)

Existing PV Paziia Paziia 10 (orun

Project Site (Oruro-city)

. M unicipality /
in Oruro ENRECA

Total 7 sites 110

16



I nterviewee' s Background

Household Economy

LaPaz Oruro
PV Site Calteca | SANfranciscol Santiago |y | Para |\ noocorg
de Llallagua |de Hiruyo| Pampita
Age
Less than 29 year 5 2 1 a 1 2
30-39 5 5 10 2
40-49 3 4 3
50-59 4 2 5
60-69
70 and more 1
Educational background
No Education 2 3
Elementary school 4 10 2 9 7 5
Junior high school - level 17 a 6 3 2
Senior_high school - level 19 4 3
University
M ain Occupation
Farmer. 3 3 T
Farmer + Herder 6 g 10
Farmer + Temporary work Z 7 z T
Farmer + Private business 3 1
Farmer + Public sector 1
Farmer + Private sector
Farmer + Private business
Private business T
Salary worker in Private T T
Hol
Total number of Interviewees| 40 10 10 20 10 10
LaPaz Oruro
. Sanfrancisco| Santiago Paria
PV Sit Calt . | y Al it
€ e de Llallagua | de Hiruyo ruma Pampita ncocotay

Average Farmland Size 3.2ha 58ha [ 0.8ha 4.4 ha 4.9ha
Average Number of Livestocks
- Cattle 17 3 36 2 29 33
- Sheep 14.7 24 325 159 444 30.8
- Poultry 29 4 23 4 03 17
- Pig 0.2
- Burro 0.7 2 0.9 18 27
- Llama 0.2 118 40.3 38
Number of households that have
farmland and/or livestocks animals
- Farmland 37 10 17 9 10
- Cattle 31 10 10 1 8 9
- Sheep 33 10 10 9 9 8
- Poultry 16 4 1 1 0
~Pig 4 0 0 0 0 9
- Burro 16 4 0 9 7
- Llama 3 0 0 4 9 8

Total number of households 40 10 10 20 10 10

Average Usage Condition of Kerosene Lamp

LaPaz Oruro
. Sanfrancisco | Santiagode . .
PV Site Calteca deLldlagua | Hiruyo Iruma |PariaPampita| Ancocota
PricecfaLamp(Bs.)*
14 18 16 - 3
Life of the Lamp (year)
12 15 16 1 1 1
Monthly Consumption of
Fuel (liter) 11 28 26 42 38 23
Fuel Price (kerosene
Liter) 24 22 25 15 16 18
Lamp Usage Hours per D:
P kil 24 17 25 3 4 26

* includes the cost only for firewick

LaPaz Oruro
Sanfrancisc | o . .
I I
PvSite Calteca ode Sa:tiraugt;de Iruma P;ar;ia Ancocota
Uallogua | ™
Average
Annual
Income Bs.3329 | Bs.1970 | Bs.3823 | Bs.2953 | Bs.1656 | Bs.13%
Average
Monthly
Consunption
Cost Bs.1423 | Bs. 2033 | Bs.329 | Bs.2041 | Bs.217.1 | Bs.1100
(for Food ) Bs.979 | Bs.1675 | Bs.2414 [ Bs.1725 | Bs.1714 | Bs.1000
(forEnergy) | Bs.92 | Bs.25 | Bs.25 | Bs.29 | Bs.255 | Bs.109
Electrical Appliances
(Unit:
LaPaz Oruro
PV Site Calteca S;:g;’::::; Sar:l\:ugyoode Iruma Pa”ia Ancocota
Existing appliances in a household
- Radio 26 3 3 8 3
- Radio-cassette recorder 8 3 2 6 2
- Radio + Radio-cassette recorder 3 2 5 2
- Radio-cassette recorder + TV set 1
- Radio + Radio-cassette recorder + TV set
- do not have any appliance 3 2 3 5
Average Monthly C: of Dry Sell Bs. 168 Bs.142 | Bs.218| Bs.119 Bs.67
Appliances desired after PV installation
- Radio 2
- Radio-cassette recorder 4 2 5 3
- Radio + Radio-cassette recorder
-TVset 18 6 8 3 8 2
- TV set + Radio 1 2
- TV set + Radio-cassette recorder 3 2 1 1 1 3
- No idea or Do not buy any appliances 13 1 1
Total number of households 4 10 10 20 10 10
Sourcefor Initial Charge

fromsavings .

a

borrowfrom relatives o
friends 1

credit
1

sell agricultural products

sell livestock animals

sall farmiand

temporary work

10

Sail agr eultur & pr oducts
+ temporary work.

Sl livestock animals +
ywerk

Sail agricultur &l products
+livestock animals 8

from savings + remittance|

Trom sangs + sell
agricultural products.

from savngs + sell
livestock animals. s

from sevings + temporary.
work

Trom savngs + bor r ow
form relatives or friends 1

others

Toal 70

20

o




Sour cefor Monthly Fee

Lapaz

Paria
Calteca | Saniran i Iruma poa | Ancosoa Pazna

from savings
o 1 1 B

borr ow fr om r el atives o
friends 1

credit
1 1

sell agricultural products,

sell livestock animals

koo

Needs & Expectations
for Rural Electrification

to develop a deep well for drinking water

to develop agricultural irrigation with electric
system

to promote income gener ation at the cottage
industry level

to improve educational condition
to get moreinformation with radio & TV
to enjoy social activities

Scope of Work for the Second Field Survey

» Supplementary Socio-economic Survey
 Preparation of Monitoring for PV System

» Formulation of Organization & Institution
for PV System

3. Basic Concept
of PV System &
Current Topics

Recent Trend

Production and Price

Photovoltaic Forecast-MWp
Long-Term

—Accelerated
—Business as Usual

o
1989 1090 1991 1992 1993 1994 1095 1996 1997 1095 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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Cost vs Cel Efficiency
Curve World PV Cell / Module Shipment

DUSA.
0JAPAN

Tl me 1% BEU
YEAR mROW

/ Module Shipment

PV Cell production by companies
by Cell Type

120
150y

100

100 : 80
SHIPMENT PRODUCTION
(MW) h7. w60
50
40 g o Kyocera (3p)
o m Siemens (US)
20| O Solarex (US)
O 1006 1997 hers d oSharp (Ip)
— m Photowatt (Fr)
mOthers

JICA PV Project in Bolivia

4. Structure of
PV Operat|0n & Pilot Test for Sustainability
Maintenance




Organization for the project

m

ef

uro Pr
UDY TEAM

ORURO Pref.

Organization for the project

Coordinating Group
Overall management for the project, Audit
the financial matters,Report the financial
matters to JICA

Overall management, Audit the financial
matters

Collect Initial Payment & Monthly Charge,
Management for the Monthly Charge,
Operation & Maintenance for PV System,
“Training, Manage spare parts

Management Unit

Pay Initial Payment & Monthly Charge (o

Operator, Responsible for PV System

(# Calteca, Santiago & Sanfrancisco, Patacamaya and Paria )

Solar Home System

* PV : 55WP
« Controller : Protection for Over charge / Over discharge
+ Battery  :12V 100Ah ( Bolivia product )

+ Loads : Three fluorescent lights @15W
Radio or Black & White TV (users’ option )

Tariff system

— The above tariff is basically fixed.

— Management unit will discuss and make agreement on
the tariff change when economical substantial change
happens.

Initial payment Bs 700
(Total cost Bs 5300)

8times payment installment

Initial payment Bs 700
(Total cost Bs 5300)

*Pay to Operators ( ELFA & COSEP)

by Prefectures
by VMEH & JICA

*Revolving fund

withdrawn with Delayed payment

20



Monthly fee

]

+Pay to Operators (ELFA & COSEP) in the end of

every month

*Managed by Operators (ELFA & COSEP) in the

exclusive bank account

«Audited by VMEH and JICA

Monitoring

Monitoring

(Monthly &
Maintenance

0- Economic
/ment for the

Monitoring to
Operation & Maintenance Aspect System Use Aspect

Monthly maintenance

Occasional maintenance

Monitoring to
Management Aspect

Project Management VMEH

Financial Management La Paz Prefectures
Oruro Prefectures
ELFA & COSEP
RECs

, Home

Monitoring to

La Paz Prefectures Proper Use ELFA & COSEP
Oruro Prefectures Daily maintenance RECs

ELFA & COSEP Users

RECs

21



Monitoring to Monitoring to
Socio-economical change PV System Aspect

Payment for system ELFA & COSEP Demanded Users

size / quality / cost ELFA & COSEP
Life style / Merit RECs application RECs
Home economy / Cost Users
Irradiation vs Power

Technical data
Power vs Proper Use collection

Users guide

Convenient life

Sustainable use
of
the PV system

Users guide

Payment duty

Users guide

Convenient life

Sustainable use
of
the PV system

Users guide

Convenient life

Sustainable use
of
the PV system
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Initial payment Bs 700
(Total cost Bs 5300)

8times payment installment

Initial payment Bs 700
(Total cost Bs 5300)

 Costof the PV System

*Pay to Operators ( ELFA & COCEP)

by Prefectures
by VMEH & JICA

*Revolving fund

withdrawn with Delayed payment

Monthly fee Bs 30

]

*Pay to Operators (ELFA & COSEP) in the end of
every month

*Managed by Operators (ELFA & COSEP) in the
exclusive bank account

*Audited by VMEH and JICA

Monthly fee Bs 30

I

*Manpower cost for Operators

*Monthly patrol

*Trouble shooting
*Material cost

«Distillated water for batteries

*Wires and fixtures (Except users belongings)
*Replacement cost of parts

*Battery & Controller (Except lights, PV panel)

Monthly fee Bs 30

]

*Pay to Operators (ELFA & COSEP) in the end of
every month

*Managed by Operators (ELFA & COSEP) in the
exclusive bank account

*Audited by VMEH and JICA

Monthly fee Bs 30

I

*Pay to Operators (ELFA & COSEP) in the end of
every month

*Managed by Operators (ELFA & COSEP) in the
exclusive bank account

*Audited by VMEH and JICA
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Users Guide

b 2
0

9 | 45 3
ToraL(w) 135 ] 15 1] m]m]

Users guide

Do

Observe water level in the battery
enough or not enough

Report the situation immediately and precisely to
REC in case of trouble comes

Users guide

. Donot

Do not touch and move any thing
except lights and switches

Do not let children go close to the battery
(The battery extracts harm gas)

Do not come close to any part of the total system in
case of the thunder lighting

Users guide

~ Punishment

use with REC users will
of the PV system
with the agreement in
Management Unit

Users guide

 System Transfer

The system to be removed

on the Prefecture account

with Grid line connected

Operation & Maintenance
for PV System

i (e The person in charge

Safety
for
the family
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Maintenance Schedule

kly Observe battery water level
Monthly

Check and add water to the battery electrolyte

Equalize batteries in case that Specific Gravity difference seen between cells

Annual

Check array wiring for physical damage, mounting hardware for tightness

Inspect battery terminals for corrosion. Clean and put grease as needed

Wiring, Fixtures & Loads
Maintenance
Checking points

Remove
Clean
Fasten
Taping
Clean
Replace

Repair or replace

Array Maintenance

Wash module surface as needed using soft cloth and water

« Clean in early morning or evening, when the sun is
below the horizon

Examine all wiring connection for corrosion or looseness
« Clean and tighten as necessary

Inspect module for cells condition

Battery Maintenance

«Make sure the battery enclosure is well ventilated

*Measure specific gravity of all cells using hydrometer
*Wear gloves & eye protection

«Check all caps for the cells existing or not
«Put plastic cover loosely in the cell hole
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Japan International Cooperation Agency
Vice Ministry of Energy and Hydrocarbons,
BOLIVIA

- Second Seminar -

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

Objectives

» to formulate a Rural Electrification
Implementation Plan by Renewable Energy
inLaPaz & Oruro

« to transfer technology

Target Region & Renewable Energies
» Target Regions: LaPaz & Oruro
 Target Renewable Energy Sources:

(i) Photovoltaic power :

(ii) Micro-hydro power :

(iii) Wind power :

Overall Work Flow

F.Y.1999 | F.Y.2000 | |
7T8loliolia[12[1]2]a als6 7180 roliafiz[1]2]3

F.Y.2001
4]5]6[7]8]9]10]

Summary of Study Conducted

* Power Sector & Rural Electrification
* Photovoltaic power

* Micro-hydro power

» Wind power

* Socio-economic survey

Q. 2. L. Q. [OR @
PV System Monitoring and Operation & Maintenance ‘
I
Rural [
Installation Electrification Plan -
using PV system c
Micro-Hydro Power Development Q
Installation m
of Gauge Pre-F/S 1]
Field Observation (Discharge Measurement) g
Wind Power Development g'
=}
Installation Fiad ob - o)
of Wind i servation o
e PreFis) | 8
Monitoring (Wind Data Monitoring)
System
Summary of Study Conducted

- Power Sector & Rural Electrification -




National System

(1) National Interconnected System (SIN):
80% of Installation capacity

(2) Isolated System (SA):6%

(3) Other Isolated System (OSA): 3%

(4) Specific Generations:11%

Installation Capacity

(MW)

1994 1995 1996 1997] 1998

EnergiaHidroeléctrica 289.] 3064 3184 3364 3419
Participacién 36.7% 37.0% 316% 32.9% 32.8%
Tasade Crecimiento 379 6.0% 3.9% 5.7% 16%
EnergiaTérmica 497.7] 5215 688.9 687.3} 700.9]
Participacion 63.3% 63.0% 68.4% 67.1% 67.2%
Tasade Crecimiento 9.2% 4.8% 32.1% -0.2% 2.0%
Totd 786.8] 827.9 1,007 1,024 1,043

Tasade Crecimiento 4.1% 5.2% 21.7% 16% 19%

Fuente: ‘ Anuario Estadistico del sector Eléctrico Boliviano 1998', VMEH

Generacion Eléctrica

(GWh)

104 1008 1006 1097 199§

Energia Hidroeléctrica 1,351 1283 1,460| 1573 1513
Participacion 47.8%) 42.7%) 45.3%) 45.5%) 41.1%)
Tasa de Crecimiento -12.1%) -5.0%) 13.8%) T.7%| -3.8%)
Energfa Térmica 1473] 1720 1760] 1884 2172
Participacion 52.2%] 57.3%) 54.7%)| 54.5%) 58.9%)
Tasa de Crecimiento 32.2%) 16.8%) 2.3%)| 7.0%| 15.3%)
Total 2824 3003 32| 3457 3,685

 Tasa de Crecimiento 6.5%] 6.3%) 7.2 7.4%) 6.6%)

Fuente: * Anuario Estadistico del sector Eléctrico Boliviano 1998, VMEH

 Transmission System
Transportation of Electricity (TDE)

« Distribution System
Major 6 Distributors of SIN
(ELECTROPAZ, ELFEO, ELFEC,
CRE, CESSA y SEPSA)

Public Consumption for Infrastructure

(US$1,000)

196 1997
Tad | Inemo | Bdamo| Tdad | Intemo | Biamo
Eraga %26 599 20| 139 8% 504
HedrficadonRud 155] 115 A I
Tod 2560 530 ea] 19088 85 8,27

198 199
Tad | Inemo | Bdero| Tad | Inero [ Edamo
Baga 10144 6| 4008 831 624 213
HedrificdanRud 6340 449 198 468 3% 70
Tod 06| 7A19] 6064 4650 1915 25623

Fuente:VIPFE

Rural Electrification in La Paz and Oruro

1997 198 199
Wieth | GHe | %de | Wiewn | GBe | wde | Wieth | GBe | otde
LoRe(Rrd) BB A/E U9 28 &B B 0EH BB 1L
QuoRrd) @B 8 Py e 68 13 en &gy Uy
[ Tad (Red) g4 184 BR) B4 B9 U3p &BE 1434 1054
pan) an ap
Weth | GHe | ee | Wieth | GHe | %de | Wieth | GHe | vede
LaRz(Rrd) WEH  BH A8p 263 BH By 263 BH 2
QuoRrd) @5 DB D) OB 2 BY BY &F By AY
Tad Rre) D 5B 2P ME B IO) WME B B

Fuente:VMEH




Budget by type of Energy in PRONER

(USSMN)
198 | 99| 20| 00| 2 | Tad
BtasthcelaRd 51 7q 64 7] 7] 35
R/ 61 79 71 84 81 s
Hdalio 44 42 57 57 5§ A
AddéuaTéria 10 1( 10 15 10 59
Tdd 184 24 210 2( 20 1Bq
Fuente: VMEH

Finance Plan of PRONER

(USSMN)
. |Patidpedcnpo] . | Rrendamiantd

Rdetues | Muidpcs Beneficaios Sadtor Rivedy | ‘ol Tod
198 60 2 19 45 45 130
199 30 2 20 70 [ 2
20 35 14 20 65 80 2.4
201 45 2 19 65 LD 2
2 45 2( 2( 55 8(q 2q
Tad 215 9 8d D A4 1034

Fuente: VMEH

Cost of Alternative Energies

(1) Extension of grid line : $0.83/kWh
(2) Diesdl generations : $0.62/kWh
(3) PV Systems : $1.78/kWh

Fuente: Equipo de Estudio de JICA

Summary of Study Conducted
- Photovoltaic power (1) -

* First Field Survey

— Selection of PV pilot project sites (270 PV
systems)

— Inspection of PV system equipment procured in
Boalivia

— Formulation of OM system for PV including
organization and power charge structure

— Supervision of installation

Summary of Study Conducted
- Photovoltaic power (2) -

* Second Field Survey
— Supervision of PV installation
— Installation of irradiation equipment with data
logger
— Guidance of OM for users and operator
— Preparation for monitoring

Summary of Study Conducted
- Photovoltaic power (3) -

o Target Areaof Pilot Project
— Prefecturade La Paz
* Calteca
* Murchapi, Chiarumani y Chacoma, Catavi, Milloy
Culli Culli Alto
* Santiago, Sanfrancisco y Sipe Sipe

— Prefectura de Oruro
* Laguna Ancocota
« Milluni
* Paria Pampita




Proposed PV System

PV 55WP
« Controller : Protection for Over charge / Over discharge
- Battery  :12V 100Ah (Bolivia product)
« Loads  :Three fluorescent lights @15W

Organization for the project

Overall management for the project, Audit
the financial matters,Report the financial
matters to JICA

Management for the Initial Payment

Overall management, Audit the financial
matters

Management Unit

Overall supervision for Management Unit,
Monitoring PV System operation

Collect Initial Payment & Monthly Charge,
Management for the Monthly Charge,

Operation & Maintenance for PV System,
Training, Manage spare parts

bers, Train REC members,
for PV System

Pay Initial Payment & Monthly Charge to
Operator, Responsible for PV System

(# Calteca, Santiago & Sanfrancisco, Patacamaya and Paria )

Summary of Study Conducted
- Micro-hydro power (1) -

e First Field Survey
— Data collection and preparation of inventory
— Selection of sites for discharge observation
— Discharge observation
— Installation of staff gauges and measurement
¢ Second Field Survey
— Observation of water level and discharge

Summary of Study Conducted
- Micro-hydro power (2) -

« Selected River for Water Level Observation

Summary of Study Conducted
- Wind power (1) -

 First Field Survey
— Selection of sites for wind monitoring system
(10 sites)
— Field investigation and arrangement for
installation work
— Preparation of specifications for installation and
survey on contractors

¢ Second Field Survey
— Installation of wind monitoring system (10
sites)

Instalacion | Daly
Prefectyl Rio Obs.
No| Nombre| Provincia | Municipio| Canton | Hogar Sitio desiaff | W.L
ra (Cuenca) e | oboerve P9
Rit 10km fi
tlapdo |Laez |F Tamayo[apoo apolo | 50 |70 ORI LSl o e
S.BL N Rit 10m SW fr
Ixsamed|LaPaz Iturraide m“r‘:"a"e Ixiamas | 200 T:we Ix\:mﬁu;:: o] © lesou ool
Rio Curahuara |F=anﬂa Rio 4.5km SW
3| Jyuma [Oruro [Sdama [ ruma ";kmkg:lgxns Grnovs | © flenov.sg)
11km SE
Rit Rit fr
A na [orero |saama cana | chachoman] ¥ * Jerorsn
i i
Summary of Study Conducted
- Wind power (2) -
Prefectra | Sitios Population | Hogares | Fuente de Energia  Existente
LaPaz (1) Achiri 955 190 Diesel(20-0)
(2 Cherana 1200 20 | Diesel(1350)
LaPaz (3) Ranononzales 200 80 Hydro poner
@) IslaTaquiri 300 100 Nore
(5 SenlLallaga 1000 30 Nore
Oruro (1) Comjo &Coipasa 650 1o Hydro poner
() Caripe 20 7 |Nore
(3) Crechecormeni 30 5% Nore
(4 Sade Garci Men a0 30 |Nore
(5) Sevaruyo 2000 400 Diesel (B0RW)

» Selected Sitesfor Wind Monitoring




Summary of Study Conducted
- Socio-economic Survey (1) -

 First Field Survey
— Data collection related to socio-economy,
institution and organizations

— Socio-economic survey in La Paz and Oruro
(for potential beneficiaries of PV system)

Summary of Study Conducted
- Socio-economic Survey (2) -

« Second Field Survey
— Formulation of OM organization for PV system

— Supplemental socio-economic survey and
preparation for monitoring

Summary of Study Conducted
- Socio-economic Survey (3) -

La Paz Oruro
a) Ingreso mensual promedio Bs. 310 Bs. 269
b) Consumo para energia Bs. 20 - 25 por mes
¢) Industrias principales Agricultura y Ganaderia
d) Artefactos existentes 874: Radio 0 Radio-cassette graadora
e) Artefactos deseados 854 Aparato de TV
f) Uso de la lampara 2-3 horas por dia
1) Consumo mensual de kerosene Bs.51 Bs.56
h) Fuente prevista para la cuota y el pago |1) Venta de ganado o productos agricolas 2) Trabajo temporal |
i) Necesidades y expectativa 1) Generacion de Ingresos

de la electrificacion rural 2) Necesidades humanas basicas
3) Bienestar social

Third Field Survey

Photovoltaic power
Micro-hydro power

Wind power

Socia survey & Administrative
organization

Economic & Financial survey

Third Field Survey
- Photovoltaic power -

Monitoring of PV system installed

Data collection of datalogger

* Study on potential development of
photovoltaic power for rural electrification

Third Field Survey
- Micro-hydro power -

 Selection of potential sites (10) for micro-
hydro power

* Investigation of potential sites (10) for
micro-hydro power for selecting 2 candidate
sites




Third Field Survey
- Wind power -

* Data collection & analysis using wind
monitoring system

* Study on development plan with wind
power

Third Field Survey
- Social survey & Administrative
organization -

< Monitoring of usersfor pilot project of PV
system

 Analysis of management organization for
sustainable development of PV

* Study on OM system for micro-hydro
power & wind power

Third Field Survey
- Economic & Financial survey -

* Study on progress of PRONER and rura
electrification

* Preparation of basic flame for rural
electrification plan

* Analysis of energy cost, tariff and
consumption

Technology Transfer
in Third Field Survey

« Photovoltaic power
e Micro-hydro power
* Wind power

Technology Transfer
in Third Field Survey
- Photovoltaic power -

* Inspection of PV system installed

* Operation and maintenance using manual
and guide

Monitoring method

Technology Transfer
in Third Field Survey
- Micro-hydro power -

* Selection of potential sites

« Reconnaissance survey method




Technology Transfer
in Third Field Survey

- Wind power -

» Monitoring method

» Method of dataanalysis

Wind Power

Work Flow

‘ Installation of Wind Monitoring Systems ‘

‘ Data Analysis

l

(2 sites)

Site Selection for Pre Feasibility Study

Wind Monitoring System
Installation

Wind Monitoring

System

Wind Monitoring System

"
o

No. [Sensor
Anemometer
Wind Vane
Lightning Rod
| |TemperatureSensor
Pyran

| |Barometer

| |Data Logger

Humidity Sensor




Monitoring Data

Wind Speed (10m)
Wind Speed (20m)
Wind Direction (10m)
Wind Direction (20m)
Ambient Temperature
Atmospheric Pressure
Relative Humidity
Solar Radiation

oo ~NOo Oolh wN -

®Raman
Gonzales

Isla Taquiri

Santiago de Llallagua
® Achiri

Chara

Wind
Monitoring Site
in LaPaz

Wind Monitoring Site in Oruro

® Caipe

® Chachacomani

Coipasa
°

Sevaruyo
()

Salinas de Garci
Mendosa

Schedule of Installatior

Wind Monitoring System Installation

[ARAN)

( Source: JICA Study Team)

Installation Process

Base Plate




Anchor

Guy Wire

Grounding Work

Anemometer, Wind Vane
and Lighting Rod

Pyranometer and
Air Pressure Sensor

Temperature Sensor




Gin Pole

Tower Erection (1)

Tower Erection (2)

DataLogger (1)

DataLogger (2)

J
|

Wind Monitoring System

10



Problems & Counter measure

Problems

Only one set of gin pole and a winch are available
for 10 tower erection works.

Long concrete curing period are necessary due to the
rainy season.

To finish the work in limited time, large numbers of

Countermeasure

Arrange the tower installation schedule in both
prefectures for using only one set of gin pole and a

At Ieé 4 days are planned for concrete curing.

The contractor hired villagers at the site.

Send analyzed data by email

‘ <_t JICA study team

‘ VNEH

Provide analyzed

labors are required. d ata

O Send data by
Only limited area is available at site for wind | Reduce the diameter of anchors. ruro email
monitoring sites. ‘
Ground is oo soft to install anchors: Instead of screw the anchors into the ground, dig and
fixed by cement. Data Techmcal support

Base Station, a software for data collection and Plan toinstall the software in VMEH computer.

Collectl n EDESER
management, could ot be installed in PC computer
TRy

v
large memory to send by email. | Compressed datawill be sent through email. ‘ Wind Monitoring Sites ‘

The absolute pressure istoo low to measure by using |  To change the SIM card in the data logger to custom
aBP-20 pressure sensor and a DL9300 data logger. SIM card for correct measurement.

Achiri ( February 2000)
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Charana (February 2000)

e e e o201 Diurnal Wind Speed Pattern

End Date:  2000-02-29
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Charana (February 2000)
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Isa.Taquiri (February 2000 )

S e O o201 Diurnal Wind Speed Pattern
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Between Comjo and Coipasa

Diurnal Wind Speed Pattern
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Salinas de Garci Mendosa

Start et 2000-02:01 Diurnal Wind Speed Pattern
End Date:  2000-02-29
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Work Flow for Wind Generation Plan

Data Collection
& Analysis

Power Output Estimation

v

Installation Plan

Wind System
Current Topics
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Wind Power Technology
Past and future

Technology Status 1980 1990 After 2000
Cost per kWh* $0.30 - $0.40 | $0.05 - $0.07 < $0.04
Capital cost per kW | $2000 - $3000' $500 - $800 < $500
Operating life 5-7 years 20 vears 30 vears
Capacity Factor 15% 25-30% >30%
Availability 50-65% 95% >95%
Size range 50-150 kW | 300-1000kW _ 500-2000kW

*For wind sites with average annual wind speed 7 m/s at hub height
( Source : Wind and Solar Power System, CRC Press )

Operating Wind Power Capacity

Germany
USA
Denmark
Spain
India
Netherland
UK

China 01996 Dec

Italy 1998 June
21999 Jyly

Country

Sweden
Japan

0 500 1000 1500 2000 2500 3000 3500
Mw

(Source : Study Team)

Present Wind Capacity and
Future Targets

Country Present (MW) Future Target (MW)
USA 2482 MW in 1999 10,000 MW/ by 2010
UK 345 MW in 1999 3000 MW by 2010
Italy 223 MW in 1999 300 MW/ by 2000
India 983 MW in 1999 2900 MW by 2000
Netherlands 372 MW in 1999 3000 MW by 2020
Denmark 1560 MW in 1999 5500 MW by 2030
Japan 47 MW in 1999 300 MW by 2010
(Source : Study Team)

Future Target for Percent of Total Electricity
Demand Met by Wind Capacity

Country Wind as Percent of Total Electricity Demand
Denmark Was 6 % as of June 1997
Target 50 % by 2030
Germany Was 10 % as of June 1997
Target 20-25 % by 2030
Ireland  |Government target 5 % by 2010
IWEA target 710 % by 2010
USA Was < 1 % in 1997
EPROM estimate 210 % by 2020
UK Was 2.5 % in 1998
Target 10 % by 2010

( Source : Wind and Solar Power System, CRC Press )

Photovoltaic
Power

Photo Voltaic Power

16



Technical considerations

Lay Out of SHS

PV : 55WP

Controller : Protection for Over charge / Over discharge
+ Battery  :12V 100Ah ( Bolivia product )

+ Loads : Three fluorescent lights @15W

(1) PV panel
spacing from objects

to be placed far enough away from an object

to face the north in the south hemisphere

(2) PV pole consideration

(3) Electrical considerations

17



(4) Equipment location

(5) Battery considerations @

(5) Battery considerations ()

Data Logger System

Lay Out of
Data Logger System

» Power source
« Data logger

e Terminals

* Voltage aid

e Current aid

-- Data Logger box --

Voltage & Current

* Voltage
conversion

20V —» 5V

e Current
conversion

10A —* 50mV

18



Data source

PV Panel Pyranometer
Battery
Load Thermameter

Data source - Controller

« All electrical data are
transferred from terminals
of the controller

« Radiation and temperature
data are measured directly

Data Logger

Wiring to
channels
CH1: Irradiation
CH2: PV current
CH3: Load current
CH4: Battery current
CH5: PV voltage
CH6: Load voltage
CH7: Battery voltage
CH8: Temperature
CH9: PV temperature

Logged data
from
Data Logger System

‘ 7 Days Data Logged From Calteca ‘

Panel Load

£ g § § £

oooaoe

oooar7

‘ Controller Overcharge Protection

HJ'X_MHU ﬂh {_‘Mﬂm |

1y
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‘ Controller Over-discharge Protection ‘

1 Day Data Logged From Calteca ‘

200

\ Logged Data Process

[Calteca —»{ELFAS.A.

JICA
TOKYO

‘ P.Pampita }-PQ Oruro Pref.

Original Plan (1)

Organization

Original Plan (2)
Local organization

Rural

Oruro 90 h/h

20



Original Plan (3)
Payment System

Initial Payment

Bs 700

Monthly: E

Modified Plan (1)

Local Organization
enalrestuctung

MaigRe:

Iy terbertnRder
COMMURITY,

Modified Plan (2)
Individual Contract

IEVidua NComiac

Tariff comparison

120 (Bs700) 120 (Bs700)

@ 3.67(Bs.22)

@5 (Bs.30)

O Initial Payment
OMonthly Fee

Modified Plan (3)
Payment System

Payment
Delayed

Without '

Good
Manners
for the PV
System

21



Operation/Maintenance
& Management/Responsibilities
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Japan International Cooperation Agency
Vice Ministry of Energy and Hydrocarbons, BOLIVIA

- Third Seminar -
La Paz, September 3, 2001

1. Introduction of JICA Study

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

1.1 Objectives of the Study 1.2 Study Organization

(1) JICA Study Team (6 members)
m toformulatea Rural Electrification
Implementation Plan by Renewable Ener gy (2) Coordinating Group
inLaPaz& Oruro ® VMEH (3)

® Representative of La Paz and
m totransfer technology Oruro Prefecture (2)

(3) Working Group (10)
® | a Paz Prefecture (5)
® Oruro Prefecture (5)

1.3 Overall Work Flow

F.Y. 1999 | F.Y.2000 | F.Y.2001
7Tslolrol1afio[aT2Ta alsl6 780 l1olalio[12]a]alsl6 78010

(1) @) 3) ) ) (6)
PV System

Site Selection

Monitoring and Operation & Maintenance ‘

Rural
Blectrification Plan [ l;u o . . ..
erorarare poer Deve using PV system Z 2. Rural Electrification in Bolivia
icro-Hydro Power Development i
nalation = / La Paz and Oruro
of Gauge Pre-F/S 3
Field Observation (Discharge Measurement) (E;
Wind Power Development %
5
Installation =T - To)
of Wind i servation Ry
S Pre-F/S 8
Monitoring (Wind Data Monitoring)

System




2.1 Rural Electrification in Bolivia

1) VMEH Policy 2) Progressof PRONER

B Started PRONER in 1998 to doublethe

rural electrification rate from 13.7% to
28% by 2002 Total Rural HHs 866,714 882,113 892,809 885,454

1998 1999 1999 2000

Promotes use Of envi r onmental |y fr | endly HHs with Electricity 118,482 152,500 183,223 197,239
renewable ener gy sour ces such as PV,
micro-hydro and wind power.

RE Rate 13.7% 17.3% 20.5% 22.3%

. 5 Source: VMEH
Encour ages involvement of the private

sector and the beneficiaries.

2.2 Rural Electrification in La Paz and Oruro

3) Rural Electrification Investment 1) Trend of Rural Electrification in La Paz and
Oruro

1998 1999 2000

Total | Internal |External| Total |Internal [External| Total | Internal

Energy 10,144| 6,046| 4098| 8327| 6205| 2122| 8520| 8206

Generation of Electric Energy 370 o

- - La Paz
Transmission of Electric Energy | 2,397 1588| 2,018 2018
Rural Electrification 6,379 1803| a634| 3925 RE Rate (%) 18.6% 22.5% 25.5%
Other Energy 998 617 873 69 HHs with Electricity 45,237 54,906 59,515
Alternative Energy - - | sz 1% Investment (US$1,000) 6,073 2,672 1,138

Oruro

Transportation 140,481 | 66,098 | 74,383 |148,805 | 66,033 | 82,772 171,922 | 77,434

Communications 29 29 0

o 0 0 9
Hydraulic Resources 4413| 2,020| 2393| 2134| 1877| 257| 5839| 3,223 RE Rate (%) 10.3% 12.6% 15.4%

Total Infrastructure Investment  |155,067 | 74,193 | 80,874 |159,266 | 74,115 | 85,151 |186,281 | 88,863 HHs with Electricity 6,437 7,894 9,634

GDP 8,088,000 8,351,000 - Investment (US$1,000) 648 2,905 1,355
Total Investment as % of GDP 1.9% 1.9% -

Source: VMEH
Source: VMEH and World Bank

2) Present Situation of Rural Electrification

Grid Extension (cf. 2001 Map)
MHP and PV

| lapz | Owo |

7,161HHs (1,084kW)| 170HHs (200kW)
446 HHs 1,080 HHs




3) Target Householdsfor Rural Electrification

La Paz

Target Rural Households

(Total No. of Rural Households) 232,202

No. of Rural HHs w/o Electricity 174,724

Source: VMEH

4) Electricity Demand in Rural Areas

3. PV PILOT PROJECT and O&M

3.1 Survey and Study Conducted

Site selection for PV pilot project sites

Inspection for the installation of the PV
systems

Organizing OM system and guidance for OM 3.2 PV System Installed and OM System
Monitoring the pilot project

Preparation of PV potential map and
identification of priority sitesfor PV




PV System Installed and OM System

PV sitesin Oruro @ Millun

PV sitesin La Paz

| ¥ REAL _
(1) Laguna Ancocota
(1) Calacachi, Stgo L lallagua, (3) Murchapi,

Canuma Charmani & Chacoma

(2) Calteca L - (4) Catavi, Millo,
i Culli Culli Alto

() Paria
Pampita

(5) Stgo Hiruyo, Sipe Sipe
Sanfrancisco de L lallagua

1) Componentsof PV System Installation of the PV system

The house with PV system The lamp installed

b1
)




2) Organization for Operation & Maintenance

VMEH
La Paz Pref. & Oruro Pref.
JICA Study Team

Coordinating
Group

La Paz Pref. Oruro Pref.
ELFA ELFA
REC REC

Calteca Santiago & Patacamaya Paria
San Francisco

Management Unit

B Prefecture
— Overall supervision for Management Unit
— Monitoring PV system Operation

B Operator
— Operation and Maintenance
— Collect Initial Payment and Monthly Fee
— Management for the Monthly Fee

B REC/REC Members
— Responsibility for PV system

— Payment
— Daily OM

Monthly Fee

B Manpower cost for OM
B Maintenance cost per year

B Replacement of main equipment

Coordinating Group

® VMEH
— Overall management for the Pilot project
— Audit thefinancial matters
— Report the financial mattersto the JICA
Study Team

W Prefecture
— Management for the Initial Payment

B J|CA Study Team
— Overall management
— Audit thefinancial matters

3) Tariff System

Initial Payment
Bs 700

B 13% of thetotal cost of Bs5,300
H for PV installation
B 20-year use
B Covers:
— 3fluorescent lamps
— Junction boxes & switches
— Interior cables & fixtures

3.3 Monitoring and Analysis




Monitoring and Analysis
O&M by Operator

m  Equipment
— Defective lamps
Blackish bulbs

m O&M by Operators Radio noise
Battery water

Contents of Monitoring

m Payment
m Additional loads

— Radio/ Cassette

m Monitoring of Users
- TV

3) Monitoring of Users

Optimum User (Benchmark)

Pa ent of Ta
LaPaz Oruro
Month Initial Payment Monthly Fee Initial Payment Monthly Fee
May 2000 8.0 55 11.0 8.6
July 2000 16.9 285 19.6 25.9
Dec 2000 38.7 56.2 47.7 46.3
Apr 2001 42.4 67.2 51.1 41.4

Light User Heavy User

System Operation Data, Calteca September 2000

[Fadion jwinz] — satery Votage M OGP —— V5 —— parel e {A] — toad Curen 7]
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4) Radiation Analysis

Radiation Data in Asia & South America

High radiation all the year
(unit:kwWh/m2 day)

= Mayto July' Winter (Dry) Location Annual Average|  Highest Lowest
[ the IOWeSt or blt Of the sun Tokyo / Japan 3.48 4.81 [ May 2.22/ Dec.
o Longel' hours of sunshinein Dry Season. Jakarta / Indonesia 413 4.50/Sep | 3.55/January

La Paz / Bolivia 5.72 7.58/Nov |4.44 [ January

m November to January: Summer (Rainy)
® Rainy Season
. = = P.Pampita / Bolivia 6.29 8.35/Nov |4.23/January
® Strong sunshine from the High Orbit of
the sun B.Aires / Argentina 4.69 7.07 / Jan 2.15/June

Calteca / Bolivia 6.19 7.26/Sep |4.61/January

Lima / Peru 4.55 6.01/Feb 2.97 [ July

» - . a . », » . o 3
P ento aso e 200
Department
3.4 PV Inventory and PV Organization LaPaz S
Potential USAID 480
Spanish Aid 246 500
JICA 200 100
Total 446 1,080

PV Potential Map for La Paz PV Potential Map for Oruro




Technical Evaluation of PV System

Function of PV System

m ThePV panel of 55 Wp sufficient for
. . charging 100Ah batter
3.5 Technical Evaluation of ging y
PV System

m Thecontroller worked well against over
charging and over discharging.

m Thebattery had enough capacity for the
normal use.

Evaluation of O&M

Identified Problems

m  Limited servicefor O& M
— |solated location of the sites
— Frequent absence of users

3.6 Evaluation of O&M

m  Weak coordination
— Limited manpower
— Difficult accessto communities

= Insufficient Payment
— Misunderstood for the program

— Limited income of users
— High expectation for PV system

Proposed Improvement

® OM by User/REC
B Participation of Municipality in O& M

B |[mproved tariff system

— Reduction of Initial Payment & Monthly
Fee




5. WIND MONITORING SYSTEM
AND STUDY OF WIND POWER

5.2 Installation of Wind Monitoring

System

Anemometer and Wind Vane

5.1 Study and Survey Conducted

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

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.Comijo / Coipasa 4.Sevaruyo
5.Salinas de Garci Mendosa

Tower Installation




Data Logger Set-up

1) Collected data and Analysis
Monthly Wind Speed (La Paz)

5.3 Monitoring and Data

H W CHARANA
Collection Ao conzaLESs
XTAQUIRI
@STGO. DE LLALLAGUA|

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

@ ACHIRI
B CHARANA 4 COMJIO & COIPASA
A GONZALES HCARIPE
i A CHACHACOMANI

Q X SALINAS
@ STGO. DE LLALLAGUA @ SEVARUYO

10



Diurnal Wind Speed vs. Solar Radiation at
Diurnal Wind Speed (Oruro) Charana

¢ COMJO & COIPASA
= CARIPE

A CHACHACOMANI
X SALINAS
® SEVARUYO

8 10 12 14 16 18 20 22
Hours

2) Wind Power Potential

5.4 Selection of Candidate Sites
for Pre-feasibility Study

11



Selection Criteria

® Wind Power Potential

m Population of Canton

m Priority Development Sites of Prefectures

5.5 Process of Pre-Feasibility

Study and Result

) Optimization Study

Alternative plans by hybrid system
I Wind-PV
Wind-MHP

& Wind-diest

Estimate project cost / benefit

|

Select a optimum scheme

Selected Pre-F/S Sites

LaPaz Charana

Oruro Chachacomani
Caripe

1) Work Flow of Pre-Feasibility Study

Socio-economic analysis
1]
iA
Alternative plans
£
Power demand estimation

]
-
Selection of optimum scheme

Preliminary desigln & cost estimation

[ |
Economical & Fifiancial Evaluation

3) Formulated Schemes

12



Specification of Generation System

Charana Caripe Chachacomani

. . Photovoltaic Generation 16 kWp Wind Generation 80 kW
Wind Turbine 80 10

PV 16 4 DC Controller #————— [
1

vy ¥ Converter 20 kVA
MHP

< "Iii-_\.
Inverter -l

Inverter 64KVA Battery Bank 44 kAh gl
Converter —
Demand

Household i i
Existing Diesel
Battery Micro-Enterprise Generator 135 kVA
Cafe — ¢
Office

Store

chool
Health Clinic Back up Power Source
Community Center

Chachacomani

Micro-Hydro Power 3 kW Wind Generation 20 kW

-
# DC Controller

Converter 10 kv/ i

— B %

Inverter 14 kVA Battery Bank 4 kAh

Demand
Household

Health Clinic
Community Center

Photovoltaic Generation 4 kWp Wind Generation 10 kW
DC Controller

P — %

Inverter 8 kVA Battery Bank 8 kAh

Demand

Household
- Cale

Store

School

Health Clinic
Community Center

13



Project Cost Estimation

Charana

Caripe

(Unit: US dollar)

Chachacomani

1. Wind Generator, PV systems, etc.

478,822

88,405

209,242

2. Distribution Line

35,885

11,040

15,000

4) Results of Evaluation

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

EIRR

Charana Caripe Chachacomani

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
engineering Service

66,145

11,914

23,834

Total Construction Cost

817,798

147,296

294,674

Minimum Power Tariff to Cover
O&M Cost

Charana

Caripe

Chachacomani

Residential per 0.12
kWh

0.22

Residential per 2.65
Month

4.73

-2.9% -1.8% -3.1%

6. Rural Electrification Plan
by Renewable Energy

14



2) Cost Comparison

6.1 Target Renewable Energy & Planning M ethodology

1) Target Renewable Energy

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

3) Methodology of Rural Electrification Plan

VMEH Policy

Estimated Annual

- = Constraint

6.2 Rural Electrification Plan

Evaluation & Assessment of
Renewable Energy Sources

Rural Electrification Plan (

1) MHP Development Plan
a) Development Plan Formulation

Hydropower

MHP Inventory Potential Map

List (Plan)

(1) MHP Development Plan _
- Comparison -
S MHP vs Grid_—"

— P
~__—

Selection of Priority MHP Projects

Priority Ranking




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-Il (2007~2011)

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

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

1) MHP Development Plan
b) Selected Priority MHP Projects

Proposed Micro-Hydro Power Projects (La Paz)

Beneficiary Installed | Investment Cost
Phase Year Household Capacity (MHP)
(HH) (kw) use) .
Praco-1 | 20022006 | 4200 105 3496000 (2) Wind Power Development
Phase- I 2007 - 2011 3490 1,220 3,541,000
[ToTAL (2002- 2011) 7,730 2.316 7,087,000 Plan

Proposed Micro-hydro Power Projects (Oruro)

Beneficiary Installed Investment Cost
Phase Year Household Capacity (MHP)
(HH) (kW) (US$)
Phase- | 2002 - 2006 45 62 240,000
Phase- 11 2007 - 2011 140 40 128,000
[TOTAL (2002 - 2011) 185 102 368,000

Site Selection for Wind Development
Selection Criteria Project

LaPaz
Cantons in high wind Population for | Existing grid
. . . . potential area Project or the plan
Located in high wind potential area Ghonuro <D suiable no selected
Chinocabi 264 suitable no selected
E. Abaroa 116 suitable selected
Greal. Perez 159 suitable selected
1 Ladislao Cabrera 237 suitable selected
Popu I at I On Over One h u nd r aj Rio Blanco 287 suitable selected
Cat Acora 278 suitable selected
Pairumani Grande suitable selected
P o - Pojo Pajchiri suitable selected
No existing electrification plan Charana X sutable selected
Caracollo not suitable not selected
Thola Collo not suitable not selected

Population Result

Estimated project cost islower t
. i Cantons in high wind Population for | Existing grid
gri d extension potential area Project or the plan

Sajama 449 suitable existing not selected
Lagunas 235 suitable no selected
Copasa 685 suitable no selected
Carangas 152 suitable existing not selected
Caripe 208 suitable no selected
476 suitable no selected
Villa Rosario 96 not suitable no not selected

Population Result




Wind Power Development Projects

Capacity of Distance Economic Financial
Cantons Objective HHs | from nearest
grid (km)

Okoruro 100 , ) Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV
Wind/PV
Pairumani Grande Wind/PV
Pojo Pajchiri Wind/MPV

Selected

Capacity of Distance
System from nearest
(kw) grid (km)
23 147,296 Wind/PV
521 332,462 Wind/PV
0 525,313 Wind/PV
Chachadomani 0 294,674 | Wind/MPVH

Selected

Priority of Project Implementation

Distance from the grid
Size of households
Investment cost per household

Prepar edness of the project

Wind Power Development Plan

Allocated Scores for Priority Selection
(Phase 1: 2002 to 2006)

Distance

80 km and over

60 km and over, less than 80 km
Less than 80 km

Size of Objective Households

A | 80and over Charana 150 96 678,437
B 40 and over, less than 80 km
C Less than 40

Investment Cost (US$/HHs) Rio Blanco 36 24 172,464
A Less than 5,000
B 5,000 and over, less than 6,000 Caripe 30 14 122,364
C 6,000 and over

Project Preparation (Wind Data, F/S)
F/S report is existing Chachacomai 23 267,426

Objective Capacity Investment

Cancns HHs (kw) Cost (US$)

Okoruro 48 36 251,624

Chinocabi 44 26 198,042

Copasa 60 432,575

Limited data available
No F/S report

Total 279 2,122,931




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

Cantons

Objective
HHs (A)

Capacity
(kw)

Investment
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

273,938

Total

338

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

1,640,006

3) PV System Development Plan

Criteria for Selection

m Outsidethe Plan of Grid Extension

m L ow Population Density

m Basic Human Needs

Possible Sites for PV in Oruro

18



atlo a
Phase
Phase 1 Phase 2
Total
Department (2002 - 2006) (2007 - 2011)

L rer m s30n 353 (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

i L " The cantons with the priority A and B
Projected by prioritizing the non-electrified
cantons by the criteria

- Criteria
Population density

Distance from the existing grid line
Basic Needs

19



Overall Projection of Rural Electrification

[Total No. of Rural HHs with Electricity [ sesr|  nom] 18746
[Rural Electification Rate (% Y I Y7 I Y7

5) Overall Projection of Rural Electrification

Number of New Beneficiaries

Phase | (2002-2006) | Phase Il (2007-2011)

Environmental Impact

10,484
3,361
3,490

276

17,611

20



Source: JIICA Study Team

6) Environmental Impact

Emission of Carbon Dioxide (ton)

= Calorie Necessary for Electricity Generation (2,646 kcal/lkWh
Electricity Generated x 1/10°) 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

7. Institutional and Financial Plan

Proposed Implementing Structure

Guidance for rural electrification d
DUF VMEH

Application for finance ition and approva of the project plan

Preparation of a proj
Consultants/ NGO
T Canslnis/ NGO

Prefecture
tion of arurel

tion project 4) sipervision

Supplier / Operator (PV system)

ConsultantsINGO (Micro-hydro power)
Engineering company / consultants (wm Power)

Installgtion Training of Opertion and Mai
for Coperative / RE

Provision of labor forces Participation of training

Cooperative/ REC (Users or Beneficiaries)

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

Estimate of Reduction Amount of CO, (ton)

Phase 1| (2007-2011) |

II\
_II\

Phese | 006) | Phesell (2007-2011) |

. om0 16w
II\
_

[ i ea7]

7.1 Implementing Structure

Proposed Operation and Maintenance System for
MHP and Wind Power Project

Rural Electrification Committee (REC) / Cooperative
Staff: Chief (1) / Technical assistant (1-2) / Accountant (1)

(a) Daily operation and maintenance
(b) Periodical maintenance ‘ Technical assistant (1-2) | ‘ Accountant (1) |
(c) Monthly charge collection and accounting

(d) Request of technical services to NGO/consultant or engineering company

Maintenance contract Technical Services

NGO / Contractor (Micro-hydro power)
Engineering Company (Wind power)
Technical services when REC/cooperative requests

21



Proposed Operation and Maintenance System for
PV System Project

2 Fund Arrangement Plan
Users
(a) Daily operation and maintenance
(b) Request of maintenance servicesto REC

Rural Electrification Committee (REC)

Staff: Chief / Accolintant (1) and Techni
il A L SR e Chief / Accountant (1)
| I

cal Assistants (1-2)
(a) Periodical maintenance I
(b) Monthly charge collection and accounting

: - Technical Assistants (1-2)
(c) Request of technical problems to supplier/operator
Technical service

System Supplier / Operator
Technical service when requested

2) Possible Source of Fund (Phase 1)

7.3 Institutional Suppo
- External Source
US$3.2 million (overseas agencies)
US$ 4.3 million (IBRD) Improved Coordination
= US$7.5 million

- Interna Source Research and Training
US$ 7.4 million

Planning Capacity | mprovement

Proposed Re-Organization of Electrification
Development Unit (EDU)

Rural Electrification Developemnt Unit
(L chief)

Flow Chart of Strengthening of the EDU Staff

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

1) Redefinition of planning function Request to

2) Training for EDU staff
Information and Rural Energy Rural Isolated System and

Statistics D SIN

(2 staff)

1) Redefinition of function
dispatch 2) Short-term training in VMEH
Policy and Norm

on thejob training
(1 staff)

expert(s)
(2 staff) (4 staff) (2 staff)
(Policy (1) Statistics
- Policy - Collection
- Strategy - Compilation

Energy Development Unit (EDU),
VMEH
(1) Execution of Project / (1) Isolated Small
Program
Evaluation - Pre-investment and

m
- Control of allocation
- Inventory Investment from foreign for gas ol

(2) Norm (2) Processing - Planning aids
-Law

- Conversion of

- System of - Preparation
- Decree integrated (2) Financial support
- Regulation information - Negotiation
- Norm - Request of financial

support
- Portfolio
- Agreement

- Monitoring
and

Guidance
of program

Continuoustechnology transfer after this program
cooperatives
- Registration Municipalities
- Technical assistance
Guidance
(2) National
Interconected System
(SIN) for small systems. Local communities
- Conversion
- Registration
- Technical assistance

(3) Sector Evaluation
Source: VMEH and JIICA Study Team “Reseach

Source: JIICA Study Team
- Scope of Works

22



Proposed Regular Meeting with Local Government

Proposed National Council for Rural Electrification by VMEH Staff

VMEH
Vice Minister (chairman)
Energy Development Unit (EDU) (coordinator)
toinform national policy and strategy for rural electrification

to assist technology for rural electrification development
Energy unit of Prefectures International aid organizations . X -
(rural electrification planner) Bilateral aid organizations. DT ATELEET (TEwEr) g
National Council for Rural Electrification Ener gy Development Unit (EDU), visit and have mestings Energy Unit,
Functions: 1) for rural VMEH (quarterly) Prefectures
2)to ( erly)

peration for rural
3) to promote renewable energy development

4)toinform progress of rurdl electrfication in prefectures (1) toinform current situation of on-going projectsand local demand
5) rural

(2) toinform problemsand constraints of rural electrification

participate meetings

Public Organization ivate Sectol
lic Organ B x Municipalities
VIPFE and DUF (financial cooperation) - system supplier

University and NGOs (technical

- consultants

Source: JIICA Study Team - engineering company Source: JIICA Study Team

Establishing Research and Training Center
for Renewable Energy Development

m to conduct an integrated resear ch on
renewable energies

8. Recommendation

m todemonstrate theresultsto the pubic

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

Recommendation on Technical Matters Recommendation on Technical Matters

R Wind Power
tofollow up O&M of PV systemsinstalled asa
pilot project in La Paz and Oruro by VMEH and
LaPaz/ Oruro prefectures

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

Micro-hydro Power

to carry out continuous measurement of water
level and dischargefor the priority project sites
by LaPaz/ Oruro prefectures




Recommendation on
Institutional Strengthening

Function of EDU of the VM EH

Coordination between the VM EH and pr efectures
/ municipalities

Resear ch and training function
Financial supporting function of the VMEH

Coordination between DUF and municipalities anc
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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