Tabla 8.2 Costo Economico de Sistema FV (SHS)

System Size
Systemn Cost per Watt
System Cost (Excluding Charge Controller & Battery)
Domestic Part
Imported Part
Installation Cost per System
(Including Labor Cost and Transportation Cost)
Cost of the Charge Controller
Battery Cost
Cost of Distilled Water for Battery
Anpual Operation and Maintenance (% of Initial Investment Costs)
Required Number of Battery
Required Volume of Distilled Water for the Battery
Annually Generated Amount of Electricity
Life Time of the System
Life Time of the Charge Controlier
Life Time of the Battery
No. of Households

Discount Rate
CRF (20 Years)
Exchange Rate
Tax Rate
Imported Products:
PV System (10% import tax and 14.94% Effective VAT)
Domestic Products:
Value Added Tax
Transaction Tax
Agency Transaction Fee for the Impotted Products
I} Annualized Investment Cost per KWh
The cost of the PV system including the installation cost will be

Annuglized investment cost will be
Total system cost x CRF =

Annualized investment cost per kWh will be
2} Annual Cost of the Charge Controller, Battery and Distilled Water

Charge controller replacement cost per year will be
Controller cost / controller life =

Annual charge controller cost per kWh will be

Battery cost per year will be
Battery cost / battery life =

Annual battery cost per kWh will be

Required amount of distilled water per year will be
0.08 litter/battery-month x | piece x 12 months/Y =

Annuai cost of the distilled water will be
0.96Litter x US$0.59/Litter =

Annual cost of the distilled water per kWh will be

Thus, annual cost of the charge controller, battery and distilled water per kWh will be

3) Operation and Maintenance Cost per kWh
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Annualized OM cost per kWh will be

{(PV system cost x 2.5%) / power generation = 6.09 US$/kWh
4) Total annualized cost of the PV System per kWh

Total annualized cost of the PV System per kWh will be

DN+2)+3)= 1.6 USHkWh

Source: JICA Study Team
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Tabla 8.3 Costo Ecenomico de Micro-Central Hidroelectrica

Micro-hydro Power:

Cost of Micro-hydro per kKW 2,500 uUss
Installed capacity (kW) 30 kW
Cost of the Micro-hydro: 75,000 Uss
Civil works (including engineering) 45,000 Uss
Electromechanical equipment 30,000 uss
2 Substations 10,000 USS
Annua! Electricity Generation 87,600 kWh/Year
OM Cost of the Electromechanical Equipment (% of investment) 2.0 %
OM Cosl of the Civil Engineering (% of investment) 0.5 %
OM Cost of the Subsiations (% of investment) 2.0 Y%
Life Time of the Micro-hydro system 20 Years
Life Time of the Substations 20 Years
Distribution Lines:
Cost of Primary Distribution Line per km 3,083 US$km
Cost of Secondary Distribution Line per km 3,409 US$/km
Length of Primary Distribution Line 3 Km
Length of Secondary Distribution Line 3 Km
OM Cost of the Distribution Lines (% of investment) 25 %
Life Time of the Distribution Lines 20 Years
Discount Rate 10 %
CRF (20 Years) 0.1175
Exchange Rate 6.53 Bs/US$
120.5 Yen/USS
Tax Rate
Imported Products:
Hydraulic turbine and substations (5% Import Tax and 14.94% Effective VAT) 19.94 %
Domestic Products: .
Value Added Tax 13 %
Transaction Tax 3 %
Agency Transaction Fee for the Imported Products : 10 %

I} Investment Cost of Micro-hydro

Total initial investment cost of micro-hydro system including 2 substations is : 85,000 Uss
Annualized investment cost will be

US$85000 x CRF = 9,988 USS
Annual electricity generation will be 87,600 kWh/Year
Thus, annualized investment cost per kWh of the system will be 0.1 US$/kWh

2) Cost of the Distribution Lines

Total costs of the distribution lines will be 19,477 USS
Annualized distribution line costs will be

US$19477 x CRF = 2,289 USSs
Annualized distribution line costs per kWh will be 0.03 US$/kWh

3) Operation and Maintenance Cost

Annual OM Cost of the micro-hydro system will be

OM cost for the electromechanical equipment (2%) 600 USS
OM cost for civil engineering (0.5%) 225 Uss
OM cost of the distribution lines (2.5%) 487 Uss
OM cost of the substations (2%) 200 Uss



Total OM cost per annual will be 1,512 Uss
Thus, total annual OM cost per k'Wh will be 0.02 USS$/AWh
4) Total Cost of the Micro-hydro System per kWh

Thus, total Cost of the Micro-hydro System per kWh will be

1}+2)+3) = 0.16 USS/kWh

Source: UMSA and JICA Study Team



Tabla 8.4 Costo Economico de Energia Eolica

Wind PV Hybrid System:
Installed Capacity: Wind 40 kW, PV 10kWp
Cost of Wind Power {wind turbine, tower, etc.) and PV:

Wind Power US$200,000 ($5,000 x 40 kW), PV US$100,000 ($10,000 x 10 kW)
(The above costs include costs of instailation materials, installation and transportation.}
Control House
Cost of Inverter & Converter
Cost of Batteries
OM cost of Wind PV Hybrid System (% of investment cost)

Annual Electricity Generation

Life Time of the Wind PV Hybrid System and Control House
Life Time of the Inverter and Converter

Replacement Period of the Batteries

Distribution L.ines:

Cost of Primary Distribution Line per km

Cost of Secondary Distribution Line per km

Length of Primary Distribution Line

Length of Secondary Distribution Line

OM Cost of Distribution Lines (% of investment cost)
Life Time of the Distribution Lines

Discount Rate
CRF (20 Years)
CRF (10 Years)
Exchange Rate

Tax Rate
Imported Products:
Wind Power System, Inverter, Converter (5% Import Tax, 14.94% Effective VAT)
PV System (10% Import Tax and 14.94% Effective VAT)
Domestic Products:
Value Added Tax
Transaction Tax
Agency Transaction Fee for Imported Products

1) Investment Cost
The investment cost of the Wind PV Hybrid System and the control house will be

Annualized investment cost of the system will be
US$310000 x CRF =

The investment cost of the Inverter and Converter will be

Annualized investment cost of the Inverter and Converter will be
US$11800 x CRF =

Total costs of the distribution lines will be

Annualized investment cost of the distribution lines will be
US$19476 x CRF =

Annual cost of batteries will be
Cost of batteries/life time of the batteries =

Total annualized investment cost of the Wind PV Hybrid System will be
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Annual electricity generation will be

Therefore, annualized investment cost of the Wind PV Hybrid System will be
2) Operation and Maintenance Cost

Annual OM cost of the Wind PV Hybrid System (3% of investment) will be
Annual OM cost of distribution lines (2.5% of investment} will be

Thus, total annual OM cost will be

Annual OM cost per kWh will be

3) Total annualized cost per kWh of the Wind PV Hybrid System

Thus, annualized cost per kWh of the Wind PV Hybrid System will be
1)+2)=

87,600
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9,354
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Source: JICA Study Team



Tabla 8.5 Costo Fconomico de Generador de Diesel

Diesel Generator:
Cost of Diesel Generator
Generation Capacity
Cost of Generator per kW
Cost of Automatic Transfer Switch
Cost of Protection Box
Building
OM Cost of Generator (% of investment cost)
Operation Hour per Day
Generated Power
Life Time of the Generator
Diesel Qil Cost per Litter
(including transportation cost)
Fuel Consumption
Diesel Fuel Cost

Distribution Lines;

Cost of Secondary Distribution Line per km

Length of Secondary Distribution Line

OM Cost of Distribution Lines (% of investment cost)
Life Time of the Distribution Lines

Discount Rate
CRF (10 Years)
CRF (20 Years)

Exchange Rate

Tax Rate
Imported Products:
Diesel Generator (10% import tax and 14.94% Effective VAT)
Automatic Transfer Switch and Protection Box
{5% import tax and 14.94% Effective VAT)
Domestic Products:
Value Added Tax
Transaction Tax
Agency Transaction Fee for the Imported Products

1) Investment Cost

Total investent cost of the diesel generator, automatic transfer switch,

protection box and building will be

Annualized investment cost of the diesel generator will be
US$26827 x CRF =

Total costs of the distribution line will be

Annualized distribution line costs will be
Total distribution line cost x CRF =

Thus, annualized investment cost per kWh will be
2} Operation and Maintenance Cost

Annual OM cost of the diesel generator will be
Investment cost of the diesel generator x 5% =

Annual OM cost of the distribution line will be
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Investment cost of the distribution lings x 2.5% = 256 US$/Year

Annual OM cost per kWh will be 0.02 US$/kWh
3) Fuel Cost
Total fuel cost per kWh will be 0.09 US$/KkWh

4) Total Annualized Cost of the Diesel Generator

Total annualized cost of the diesel generator per kWh will be
MH+@+@3) = 0.18 US$/kWh

Source: JICA Study Team
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Tabla 8.6 Proyectos Prioritarios de Micro Centraies Hidroeléctricas en La Paz y Oruro
(Plan 2002 - 20i1)
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Tabla 8.7 Seleccién de Proyectos Prioritarios de Energia Edlica

La Paz
Cantons in high wind Population for  Existing grid
potential area Population Project or the plan Result
1 OKORURO 339 suitable no selected
2 CHINOCABI 264 suitable no selected
3 EABAROA 116 suitable no selected
4 GREAL. PEREZ 159 suitable no selected
5 LADISLAO CABRERA 237 suitable no selected
6 RIO BLANCO 287 suitable no selected
7 CATACORA 278 suitable no selected
8 PAIRUMANI GRANDE 124 suitable no selected
9 POJO PAJCHIRI 221 suitable no selected
10 CHARANA 1016 suitable no selected
11 CARACOLLGC 61 not suitable no not selected
12 THOLA COLLO 87 not suitable no not selected

Oruro

Cantons in high wind

Population for  Existing grid

potential area Population Project or the plan Result
1 SAJAMA 449 suitable exsisting  not selected
2 LAGUNAS 235 suitable no selected
3 COPASA 685 suitable no selected
4 CARANGAS 152 suitable exisiting not selected
5 CARIPE 208 suitable no selected
6 CHACHACOMANI 476 suitable no selected
7 VILLA ROSARIO 96 not suitable no not selected

Source: JICA Study Team
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Figura 2.1 Organizacién de Viceministerio de Energia ¢ Hidrocarbures (VMEH)
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(as of Early 2001)
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Figura 6.6 Programa de Implementacién Propuesto para el Proyecto de la MCH de Tambe Quemado
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Figura 7.1 Sitio para el Sistema Monitoreo
_ de Viento en La Paz
Source: JICA Study Team
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Figura 7.2 Sitio para el Sistema Monitoreo
de Viento en Oruro

Source: JICA Study Team
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Figura 7.3 Wind - PV Hybrid System
in Charana, la Paz Department
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Photovoitaic Generation 4 kWp Wind Generation 10 kW
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DC, Controler
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Figura 7.5
Wind,—,PVﬁHybrid:System
in Caripe, Oruro Department
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Micro-Hydro Power 3 kW

Demand

Inverter 14 kVA

Household
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Store

School

Health Clinic
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— ok ek P (A €D

Wind Generation 20 kW
G

Controler

Battery Bank
4 kAh

Figura 7.7 _ _
Wind - Micro Hydro Hybrid System
in, Chachacomani, Oruro Dapartment
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LA PAZ
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THE STLEDY ON RURAL KLECTRIFICATION
IMPLEMENTATION PLAN BY RENEWABLE ENERGY
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