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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

Ecotecnol ogias Energéticas y Productivas

Energy Development Unit, VMEH

Empresa de Servicios

Facilitator Team of PRONER Program
Electricidad de La Paz SA.

Empresa de Luz y Fuerza Aroma

Empresa de Luz y Fuerza de Cochabamba
Empresa de Luz y Fuerza Electrica de Oruro, SA.
National Electric Company

Energia para el Desarrollo

Energia Solar Andina S.R.L.

National Fund of Regional Devel opment

National Fund of Productive and Social Investment
Instituto Geogréfico Militar

Instituto de Hidaulica e Hidrologia, UMSA
National Statistics Institute

Ministry of Economic Development

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

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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VIPFE
VMARNDF

VMEH

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

Vice Ministry of Energy and Hydrocarbons
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ESMAP
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GTZ
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JCA
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UNDP
UNEP
UNDCP
USAID
wB

@) 00O
GDP
NGO
0&M,0/M

VAT

(4 0000000

AC
CO,
DC
FC
Grid

Hyd
LDC
MHP

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

Value Added Tax

Alternative Current
Carbon Dioxide

Direct Current

Fuel Cell

Transmission Line

Head (m)

Hydraulic Generator
Load Dispatching Center
Micro Hydro Power
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Photovoltaic
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Wind Generator
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21

2.2

1994

D

UNDP

)

1996

©)

18

PRONER

1604

12

1994

EFP



2.3

D

40%

1,000kW

)
1)

1999

7

83%

89%

Cobee (Compania Boliviana de Energia Electrica), Corani S.A., Guaracachi S.A., Valle
Hermoso S.A., Hidroelectrica Bolivia SA., Rio Electrico SA. and Synergia S.A. and Rio

Electrico S.A

(MW)
1995 1996 1997 1998 1999
Hydrodectric powe| 306.4| 3184| 336.4] 341.9] 393.1
Share 37.0%| 31.6%| 32.9%| 32.8%| 31.1%
Growth rate 6.0%| 3.9%| 57%| 1.6%| 15.0%
Thermal power 521.5| 688.9| 687.3] 700.9] 872.5
Share 63.0%| 68.4%| 67.1%| 67.2%| 68.9%
Growth rate 4.8%| 32.1%| -0.2%| 2.0%| 24.5%
Total 827.9| 1,007| 1,024] 1,043 1,266
Growth rate 5.2%| 21.7%| 1.6%| 1.9%| 21.4%
1999,VMEH

CNDC



2)

Empresa Transportadora de Electricidad TDE

kv 230 115 69
km 535.5 863.0 100.0
1999,VMEH
3)
6
ELECTROPAZ ELFEO
CRE CESSA SEPSA
44k  24.9kvV 6.6kV 230/115Vv
380/220V

ELFEC



31
1998 PRONER
5 PRONER
PRONER 13.7% 2002
28% 11 45
PRONER 3
3.2 PRONER
PRONER
1997 1998 1999 2000
866,714 882,113 892,809 885,454
118,482 152,500 183,223 197,239
13.7% 17.3% 20.5% 22.3%
2000
VMEH

PRONER 2002 8

2002
PRONER




3.3

(US$ 1,000)
1995 1996 1997
Total Internal | Externd Totd Internd External Total Internal | External
Energy 40,641 13221 27,420 26,245 5,948 20,297 13,930 8,925 5,005
Generation of Electric Energy 26,815} 5,168 21,647 18,953 2,121 16,832 75 75 0
Transmission of Electric Energy 10,7144 5,264 5,450 5,601 2,396 3,205 5,879 1,593 4,286
Rural Electrification 2,435 2435 0 1,157] 1,155] 2 7,105 6,993} 112
Other Energy 677 354 323 534 276 258 871 264 607
Alternative Energy - - - - - - - - -
Transportation 156,979 454751 111,504 184,551 45,067 139484| 162,797 82,298} 80,499
Communications 5,134 4113 1,021 0 0 0 0 0 0
Hydraulic Resources 5,564 2,760 2,804 4,851 2,382 2,469 4,108 2,360 1,748
Totd Infrastructure Investment 208,318 65,569| 142,749| 215,647 53,397 162,250 180,835 93,583} 87,252
GDP 6,700,000 7,200,000 7,800,000
Totd Investment as % of GDP 3.1% 3.0% 2.3%
1998 1999 2000
Total Internal | Externd Totd Internd External Total Internal | External
Energy 10,1444 6,046 4,098 8,327 6,205 2,122 8,520 8,206 314
Generation of Electric Energy 370 370 0 - - - 107 107 0
Transmission of Electric Energy 2,397 809 1,588] 2,018 2,018 0 954 954] 0
Rural Electrification 6,379 4,486 1,893 4634 3,925 709 7,262 7,005 257
Other Energy 998 381 617 873 69| 804 112 112 0
Alternative Energy - - - 802 193 609 85 28 57
Transportation 140,481 66,098 74,383 148,805 66,033 82,772 171,922 77,434 94,488
Communications 29 29 0 - - - - - -
Hydraulic Resources 4,413 2,020 2,393, 2,134 1,877 257 5,839 3,223 2,616
Totd Infrastructure Invesment 155,067 74,193 80,874] 159,266 74,115 85,151 186,281 83,863} 97,418
GDP 8,088,000 8,351,000 -
Totd Investment as % of GDP 1.9% 1.9% -
VIPFE
34
1)
1991
1)
2 2 6



2)

3)

)

e UNDP

35



4.1
2000 25.5%
15.4%
1998 1999 2000
% 18.6% 22.5% 25.5%
45,237 54,906 59,515
UsS 6,073 2,672 1,138
% 10.3% 12.6% 15.4%
6,437 7,894 9,634
us 648 2,905 1,355
4.2
D
41 4.2 69kV 115kV 230kV
10kV 144kV 249kV 34.5kV 2001
)
2%
19%
1)
23 1,084kW 7,161
2
200kw 170



2)

PV
1,526
6 80kW
4.3
(1)
2000
2000
233,202 62,566
174,724 53,690
2002 2006 2011
232,629 231,879 231,669
61,981 60,846 59,473
JCA
)
1)

300kWH

2001



e PV 65kWh/

2) 2000 2002 2%

3) 300 kWh

4) 60%

5)

MWH/
2000 2002 2006 2011
Total Number of Rural HHs 233,202 232,629 231,879 231,669
Existing No. of Electrified HHs 59,039 58,894 58,704 58,651
Demand from Exisiting Electrified HHs 16,972 16,930 18,267 20,150
Potential No. of Rural HHsto be Electrified 174,163 173,735 173,175 173,018
Effective Demand for Electridty 31,349 31,272 33,741 34,385
Total Demand for Electricity 48,321 48,202 52,008 54,534
MWH/
2000 2002 2006 2011
Total Number of Rural HHs 62,566 61,981 60,846 59,473
Existing No. of Electrified HHs 8,887 8,804 8,643 8,448
Demand from Exisiting Electrified HHs 2,281 2,260 2,402 2,592
Potential No. of Rural HHs to be Electrified 53,679 53,177 52,203 51,025
Effective Demand for Electridty 9,662 9,572 10,171 10,140
Total Demand for Electricity 11,944 11,832 12,573 12,732

JCA

44

)

10




(VIPFE, FPS, FNDP)

(2)

NGO

11




51

52

D

1999

1)
2)
3)

4)

1)
2)

3)

8

7

2001

12



)

©)

2000

53

(1)

(2)
JCA

4

1999

10 12

2000 2

ELFA

COSEP

JCA

COSEP

JCA

13

JCA
2000 1 2
JCA

ELFA



54

Bs.700
Bs.5,300(US$886)  13%

Bs30 Monthly Fee

55
(1)
3
)
)
@)
1

1)

14



(2000 8 10 )

Equipments Number of
Additional Loads
Communi ty Household | Number Blackish Noise Battery Radio TV
Defective Bulb onRadio Water Cassette
Lamp (1) (2 (©)] *(4) ©)] (6)

LaPaz
Calteca 10 1 2 3 3 8 -
Chiarumani 6 1 3 2 2 5 -
Muruchapi 22 2 5 20 8 20 -
Millo 30 4 8 25 12 27 -
Catavi 12 1 3 10 5 10 -
C.C. Alto 3 - 1 3 1 3 1
Hiruyo 19 2 2 15 6 18 -
Llallagua 14 1 4 13 9 14 -
Calacachi 32 - - 2 - 32 3
VMEH 1 - 1 - - - -
Oruro
P.Pampita 16 3 2 13 5 15 1
Milluni 23 5 8 22 16 23 -
L.Ancocota 44 9 12 38 39 40 -
Minas 5 1 2 1 2 5 -
Tota 238 35 53 167 108 220 5
*(4) Battery Water:

JICA

2)

2000 5 8.0%

5.5% 11.0% 8.6%
[ ]
4 JCA 3

15




(%)
La Paz Oruro
Month Initial Payment Monthly Fee Initial Payment Monthly Fee
May 2000 8.0 55 11.0 8.6
July 2000 16.9 28.5 19.6 259
Dec. 2000 38.7 56.2 47.7 46.3
Apr. 2001 124 67.2 51.1 414
- JCA
)
[ ]
[ ]
[ ]
1)
3 Cdteca 25 Paria Pampita
3.2 1 3

16



5.6

JCA

3
2)
Cdteca 16%
Paria Pampita 58%
3)
Paria Pamita
85% Cdteca 83%
18%
4)
° 55W
[ )
. 100Ah

Cdteca 1.6 PariaPampita 2.5
1 2
Muruchapi 42% PariaPampita  25%
Muruchapi  42% Calteca 33%
91% Muruchapi  87% Laguna Ancocota
100Ah

17



D

JCA
2001 4

JCA
2000 4

JCA
2000 4

)

US$3

18



57

(1)

(2)

1)

2)

3)

1)

/IREC

REC

19

50%

JCA

/IREC
/IREC



2)

PRSP
3)
Monthly Fee
Initial Payment
5.8
COMMETAL
BATEBOL

40%

Phase (2002 2006 ) 2,895  Phase (2007 2011

2001
COMMETAL

400,000

20

Monthly Fee

COMMETAL

7,998 SHS



6.1

6.2

1)

2)

6.3

(1)

14

1,618 mm/
371.15 km?

VMEH

F/S

21

382 km

(IEE)



1999 10

2001 4
(2
1)
1992 12,857
(222kwW, ) 7 10 3
Bs. 500 800( )
Bs.30 40
2)
2
.
2005
(kw)
A 267 30 95 0 0 0 270
B 267 30 95 75 17 M 340
C 0 0 0 92 23 42 )
D 0 0 0 70 16 41 70
E 0 0 0 92 22 42 )
F 0 0 0 68 15 40 70
G 0 0 0 31 3 38 40
(B~G) | 270 30 100 430 100 240 700

22




7 700kwW

()
-1 587
-2 -1+ +
840
-3 2+ F( ) 1,056
-4 -3+ D ( ) 1,286
5 4+ c( ) 1,624
-6 5+ E( 1,961
-7 -6+ G( 1,993
1 2 3 4 5 6 7
(kW) 270 340 410 480 570 660 700
12.4% 14.2% 13.6% 14.9% 15.3% 15.7% 16.1%
EIRR(%)
NPV
257,164 | 496,836 485,726 718,560 878,442 | 1,040,111 | 1,154,299
( B-O)(US9)
B/C 1.17 1.27 1.22 1.29 1.30 1.31 1.33
7
(4)
6.1

23

400




Unit : US$.
(700kW)

1 625,300

11 294,200|(2.+3.).*10%

12 325,500 =4m (

13 5,600[2.%0.01
2 562,500

21 19,300

2.2 19,600

2.3 0

24 195,200

25 112,600

2.6 35,300

2.7 12,600

2.8 153,700

2.9 14,200

2.10 0|

3. 2,379,600

31 740,000|350kW x 2

3.2 1,419,900

3.3 219,700
4. 110,100 (2.+3.2+3.3)*5% (LaPaz - Apolo - Site)
5. 3,677,500|1.+2.+3.+4.
6. 323,000({ (1.+2.+3.)*6% + US$20,000}*138%

4,000,500]4. + 5.
) 9.1kmx 30,000 US$/km + ( ) 3.5km x 15,000US$km
5)
2
6
(6)
1)
EIRR
EIRR 19.2%

24




2)

1 1.27US
()
2001 5 5
6.4
D
200km
5
327mm/ 97% 10 3
4 9 3%
2
1)
2000 55 235
600 100
112kW
1997
25 /

25



2)

2005 62kW
(2001 ) (2005 )
(kw) (kw)
55 40.2 69 58.8
20 1.6 34 2.8
0 0.0 2 0.0
2 0.0 1 0.0
77 41.8 106 61.6
3)
62kW
22% 78%
A0KW (Q 10000) + (22kw)
50kW (Q 00 + (12kW)
62kW (Q 5200) ( )
3

26




A B C
( (
) )
40 kW 50 kw 62 kW
22 kW 12 kw 0 kw
(EIRR) (%) 9.0% 8.7% 16.2%
NPV -10,721 -14,250 88,408
( B-C)(US$)
B/C 0.964 0.953 1.438
62kwW C
4)
6.2
239,700
( ) =62kW Unit : US$.
Item Cost Note
1. 2,224
1.1 1,112{2.*0.01
1.2 0
1.3 1,112{2.*0.01
2. 111,195
2.1 133
2.2 113
2.3 0
2.4 77,873
2.5 29,717
2.6 943
2.7 450
2.8 1,904
2.9 62
2.10 0
3. 94,626
3.1 38,700
3.2 26,056
3.3 29,870
4. 10,291[(2.+3.)*5%
51 218,336|1.+2.+3.+4.
6. 21,366(6. *9.8%
239,700|4. + 5.
(5)
4 10

27




(6)
1)

2)

()
2001

5

EIRR

28

EIRR

16.4%



7.1

7.2

D

)

1)
2)
3)
4)

5)

1)
2)
3)
4)

5)

29

D GJJ



7.3

7.4

D

470
15km

2000

1,016

2000

1

2
1
1992
135kVA 80
1992 208 2000 206
300

1992 476 2000

30

1,037



)

9.7 kW

©)

9,951kWh

2005

26 kw 4.9 kKW

20,440kWh

Power Demand (kWh/Mo.)
Charana Caripe Chachacomani
Jan. 5,328 845 1,736
Feb 4812 763 1568
Mar 5,626 845 1,736
Apr 5,445 818 1,680
May 5,626 845 1,736
Jun 5,445 818 1,680
Jul 5,626 845 1,736
Aug 5,626 845 1,736
Sep 5,445 818 1,680
Oct 5,626 845 1,736
Nov 5,445 818 1,680
Dec 5,626 845 1,736
Total 65,678 9,951 20,440
:JCA
PV
80%

31

65,678 kWh



80KW 16kWp

2
PV
10KW 4KWp
PV
1) : 20 KW 3 KW
2) PV : 40KW PV 9kWp
USS$ 252,969
US$347,066
4)
1)
VMEH
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kw
7.1

7.6
2)
US$ 817,798
US$ 147,296 US$ 294,674
(unit: US dollar)
Item Charana Caripe Chachacomani
1. Wind generator, PV system, etc. 478,822 88,405 209,242
2. Distribution Line 35,885 11,040 15,000
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
JICA
5)
1)
3
EIRR
EIRR
EIRR
-2.6% 1.0% -0.9%
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00000000 (Phasel: 2002 — 2006)

Canton Objective HHs | Capacity (kW) Investment
Cost (US$)
LaPaz OKORURO 48 36 251,624
CHARANA 150 96 678,437
CHINOCABI 44 26 198,042
RIO BLANCO 36 24 172,464
(Sub Total) 278 182 1,300,567
Oruro CARIPE 30 14 122,364
COSAPA 146 60 432,575
CHACHACOMANI 70 23 267,426
(Sub-Total) 246 97 822,365
Total 524 279 2,122,932
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O00OD0O0OO0OO00 (Phasell: 2007 — 2011)

Canton Objective HHs | Capacity (KW) Investment
Cost (US$)
LaPaz E.ABARO 32 22 150,150
GREAL. PEREZ 30 22 149,062
LADISLAO CABRE 34 22 150,150
CATACORA 74 56 363,140
PAIRUMANI GRAN 46 36 250,536
POJO PAJCHIRI 60 46 303,030
(Sub-Tatal) 276 204 1,366,068
Oruro LAGUNAS 62 38 273,938
Total 338 242 1,640,006
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2000 2002 2006 2011
Tad No. of Rurd Households 233,202 232,629 231,879 231,669
Exigting No. of HHswith Electricity 54,906 70,673 81,436 97,916
New Benecifiary HHswith Hectricity 4,323 2,724 2,969 3771
Decreasein No. of Electrified HHs by Diesd -190 -145 -85 -43
Tatd No. of Rurd HHswith Hedtricity 59,039 73,252 84,321 101,643
Rurd Eledtrification Rate (%) 25.3% 31.5% 36.4% 43.9%
0oon
2000 2002 2006 2011
Total No. of Rural Househad 62,566 61,981 60,846 59,473
Existing No. of HHswith Electricity 7,908 10,268 16,955 27,303
New Beneciary HHs with Electricity 1,023 1,739 1,810 2,445
Decreasein No. of Electrified HHs by Diesdl -44 -34 -20 -10
Total No. of Rural HHswith Electricity 8,887 11,973 18,746 29,739
Rural Electrification Rate (%) 14.2%) 19.3% 30.8% 50.0%
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2000 2002 2006 2011
PV Tota 693 916 1,070 4431
Share 1.2% 1.2% 1.3% 4.4%)
Micro-hydro Total 516 2,195 5,535 9,025
Share 0.9% 3.0% 6.6% 8.9%
Wind Total 0 30 278 554
Share 0.0% 0.0% 0.3% 0.5%
Total Tota 1,209 3,141 6,883 14,010
Renewable Energy Share 2.0% 4.3% 8.2% 13.8%
Grid Extension Taotal 56,510 69,102 76,348 87,332
Share 95. 7%, 94.3% 91.1% 85.9%
Diesl Total 1,320 1,010 591 302
Share 2.2% 1.4%, 0.7% 0.3%
Total Total 59,039 73,252 84,321 101,643
Share 100% 100% 100% 100%
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2000 2002 2006 2011
PV Total 1,352 2,355 3,984 8,621
Share 15.2% 19.7% 21.3% 29.0%
Micro-hydro Total 365 365 410 550
Share 4.1% 3.0% 2.2% 1.8%
Wind Total 0 0 246 308
Share 0.0% 0.0% 1.3% 1.0%
Total Total 1,717 2,720 4,640 9,479
Renewabl e Energy Share 19.3% 22.7% 24.8% 31.9%
Grid Extension Total 6,860 9,016 13,968 20,189
Share 77.2% 75.3% 74.5% 67.9%
Diesel Total 310 237 138 71
Share 3.5% 2.0% 0.7% 0.2%
Total Total 8,887 11,973 18,746 29,739
Share 100% 100% 100% 100%
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Phase | (2002-2006) Phase I (2007-2011)
PV 232 781
Micro-hydro 3,739 8,631
Wind 132 488

Total 4,104 9,900
. 15

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

PV 743 1,692
Micro-hydro 431 598
Wind 95 347

Total 1,269 2,637

JCA
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