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Acronyms/Acrénimos

Administration Company of Electrical Infrastructure

ADINELSA (Empresa de Administracion de Infraestructura Eléctrica)
BCS Battery Charging Station
(Estacion de Recargo de Bateria)
CERER Renewable Energy Center for Rural Electrification
(Centro de Energias Renovales para Electrificacion Rural)
CIRA Certificate of Non-existence of Archaeological Relics
(Certificado de Inexistencia de Restos Arqueol6gicos)
COES Committee of Economical Operation of the System
(Comité de Operacion Econdmica del Sistema)
National Coucil of Environment
CONAM . . . .
(Consejo Nacional del Medio Ambiente)
CTE Electricity Tariff Commission
(Comisidn de Tarifas Eléctricas)
DEP Executive Directorate of Projects
(Direccion Ejecutiva de Proyectos)
DGER General Diretorate of Rural Electrification
(Direccion General de Electrificacion Rural)
DGAAE General Directorate of Energetic Environmental Affairs
(Direccion General de Asuntos Ambientales Energéticos)
DGE General Directorate of Electricity
(Direccion General de Electricidad)
DIGESA General Directorate of Environmental Health
(Direccion General de Salud Ambiental)
DPR Directorate of Projects (formerly DEP)
(Direccion de Proyectos)
DREM Regional Directorate of Energy and Mines
(Direccion Regional de Energia y Minas)
National Fund of Cooperation for Development
FONCODES (Fondo Nacional de Cooperacion para el Desarrollo)
FONER National Fund for Rural Electrification
(Fondo Nacional de Electrificacion Rural)
FOSE Electrical Social Compensation Fund
(Fondo de Compensacion Social Eléctrica)
E/S Feasibility Study
(Estudio de Factibilidad)
INRENA National Institute of Natural Resources
(Instituto Nacional de Recursos Naturales)
ITDG Intermediate Technology Development Group

(Soluciones Practicas)
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Acronyms/Acrénimos

Japan Bank for International Cooperation

JBIC (Banco del Japon para Cooperacion Internacional)
JICA Japan International Cooperation Agency
(Agencia de Cooperacidn Internacional del Japon)
MEFE Ministry of Economy and Finance
(Ministerio de Economia y Finanzas)
MEM Ministry of Energy and Mines
(Ministerio de Energia y Minas)
Master Plan
MP (Plan Maestro)
OM Operation and Maintenance
(Operacioén y Mantenimiento)
OSINERGMIN Superv!sory Body o_f Investment in _Epergy and I\/Immg_ )
(Organismo Supervisor de la Inversion en Energia y Mineria)
Planning and Investment Office
OPI L L .
(Oficina de Programacion e Inversiones)
PERNC Plan of Non-conventional Renewable Energy
(Plan de Energia Renovable Non Convencional)
PNER National Plan of Rural Electrification
(Plan Nacional de Electrificacion Rural)
Prefeasibility Study
Pre F/S (Estudio de Prefactibilidad)
PSE Small Electrical System
(Pequefio Sistema Eléctrico)
SENAMHI National Meteorology and Hydrology Services of Peru
(Servicio Nacional de Meterorologia e Hidrologia del Per()
SHS Solar Home System
(Sistema Fotovoltaico Domiciliario)
SIER Information System for Rural Electrification
(Sistema de Informacion de Electrificacion Rural)
SNIP National System of Public Investment
(Sistema Nacional de Inversion Publica)
Peruvian Solutions to Rural Electrification in Isolated and Frontier Areas with
SPERAR Renewable Energies
(Soluciones Peruanas a Electrificacion Rural en las Areas Aisladas y de Frontera con
Energias Renovables)
UNDP/GEE United Nations Development Program/Global Environment Facility
(Programa de Naciones Unidas de Desarrollo/ Fondo para el Medio Ambiente Mundial)
VAD Value Added for Distribution

(Valor Agregado de Distribucidn)
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Manual del Usuario

Sistema solar domiciliario

HICA Stody Team
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Energia Eléctrica Solar

Cuando el sol brilla

bt MI G El cableado transfiere la

solares, se produce e Critiat denste tox:

energia eléctrica Slectnitided esde jox

S S paneles hasta el
controlador en la casa.

£35 i
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Principales funciones de los equipos

Los cables transportan la
energia a la casa

Baterio

La bateria amacena
la energia para
usarse durante las
horas sin sol.

Comtroladorn

=0 de carga de bateria

El controlador trae la energia a
la bateria desde el panel y la

transfiere a los puntos de El sistema es de 12V. DC.
descarga Puntos que usan carga de

12V, DC. Nunca use 220V, AC,

Mo use demasiada electricidad.
De lo contrario dafara
rapidamente 1a bateria ¥ es muy
COStoso,

£35 i
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Panel Solar = Fotovoltaico

1. No mover el panel
2. No arroje piedras al Panel

3. No cuelgue nada en los cables

£35 i
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~
1. Coloque la bateria sobre una base plana
(madera o ladrillo)

2. La bateria contiene acido liquide nocivo

+ Abra la ventana schre la bateria
« Nunca deje a los ninos acercarse a la bateria
= Nunca tenga ganado en la habitacion

3. No toque o mueva la bateria

4. No coloque nada sobre la bateria

5. No haga fuego cerca de la bateria

6. No use la bateria para otros propositos

£35 i
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Revisar la bateria

Alto

Nivel

Bajo

Battery Liquid

1. Revise el nivel de electrolito de la bateria
El nivel estara entre las dos lineas

2. Si el nivel esta bajo la linea inferior, deje de
usar energia y solicite a su Operador para
que lo llene con agua destilada.

£35 i
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Controlador

ﬂup,rl v

'aa*;.aarr.

I. Luz de CARGANDO
ON: La bateria se esta cargando

2. Luz de ACTIVADO
ON: La bateria tiene bajo voltaje
- Bl Usuario no puede hacer uso de la energia

£35 i
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Uso de la carga de bateria

DC-DC Adaptador — -

. Ladescarga serade 12V /DC. No 220V/AC

Conecte el enchufe correctamente : I

Use solo accesorios para enchufe y
adaptador DC - DC

1. Los focos deben estar limpios

2. Reemplace los focos rotos

3. En caso de reemplazo de focos y compra de
Radio y TV, solicite consejo al Operador para
la especificacion de las comparas

£35 i
2214 FILLIR—
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Plan de uso de energia

Luz

Uso diario

Focouno @ T horas
Focodos : 4+3horas
Focotres : 3+2+2 horas

Dos Focos @ 3+ 2 horas
‘Radio : 2 horas

£35 i
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Regla General del Usuario

= Una cuidadosa y apropiados manera de uso diario

= Se debe pagar:

Costo de tarifa por consumo de energia 18 soles / mes

Debe Hacer

+ Mantener el uso del Sistema Fotovoltaico todo el ano
en un mismo nivel (La bateria debe ser cargado

constantemente).
¢ Observar la indicacion del nivel de liquido de la
bateria
« Mantener las horas de uso de acuerdo a la siguiente
tabla
FOCO:-15 W

RADID: 15 W/ Max 2 hrs )
TV BN 20 W / Max 1 hr Patron de Uso de Carga

\\TRGAS FOCOS DE LUZ

uso \ UNO Dos TRES FOCO + RADIO | FOCO +TV

POTENCIA (W) i5 15+15 | 15+15+15 | 15+15+15 15+15+20

U30 (heras) 7 4+3 3+2+2 3+2+2 3+2+1

TOTAL (Whj) 105 105 105 108 a5

£35 i
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« Usar demasiada carga podria causar inconvenientes,
comeo la desconexion frecuente del controlador.

+ [nformar la molestia de problemas tecnicos al jefe de
la comunidad para que comunigue al operador.

No debe Hacer

« No tocar ni manipular nada excepto los focos y
tomacorrientes.

+ No permitir que los ninos se acerquen a la bateria

« No manipular nada especialmente en caso de
problemas.

* No acercarse a ninguna de las partes del sistema
fotovoltaico en caso de relampagos o truenos.

10
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IV-1.2.2 /MK
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How to Measure Our

Water Sources
To Generate Mini/Micro Hydropower

£35 i
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CONTENTS

TINtroduction | ... B
2. Uses of electric energy ... ...............ccccceeviveeeireiiniiee e 4
2. Where can we found water be used to generate energy? ... ./ 5
4. What dowe need toknow? | ... ... 6
5. How can we measure the level? . .. ... 6
6. How can we measure the volume of flow? __.....................8
7. How much power can be generated? . .........................14
2. Will this power be enough to cover ourneeds? ................16
9. Hydropower components ... ............cccccevvveirvernnennn 16
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JICA
Japan International Cooperation Agency

Founded in 1974, the Japan International Cooperation Agency is an implementation agency for technical assistance, focusing on systems building,
organization strengthening and human resource development thatwill enable developing countries ta pursue their own sustain able socio-econom-
ic development JICAs work is broad in scope and reflects international concarns and changing neads in developing countries. To traditional sectors
such as agriculture and social infrastructure, JICA has recenty added assistance to combat infectious diseases, support to encourage free market
aconomias of set up legal systems, and support for the peace-building and reconstruction efforts in countries.

JICA uses an issue-based approach to comprehensively analyze issues tabe resolved and to expedite various types of programs. “Devel opment Stud-
ies” is one of their programs, and this assistance is for formulating development plans at the national or region al level in various social and economic
fields. It indudes drawing up master plans to act as blue-prints for medium- and long-term development programs, and also indudes studying the
technical, economic or environmental aspects of proposed project implementations as the basis for feasibility studies.

In the Republic of Peru, JICA implemented “the Master Plan Study for Rural Electrification by Renewable Energy” from February 2007 to July 2008
as ane of the supports to Peru based on the above.

rea TES

1932 1303 1204 1295 19% 1997 1298 128 D00 DM 2m3 a0 s
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1. INTRODUCTICN

Minifmiao hydropower 1z 8 whale of steps and eguipmentto be implemented to take
advartage of waterfalls and generate eledriaty

Ware than 3 certtury has passed gnce man started to gerierate electriaty fram hydraulic en-
ergy, i wibich time we have builtlarge | netall ations known as hydroeledinc power stations

Nevertheless bringing the eledricity genarated by these power statinns to fural com-
‘munities isa slow process and am enormous dhallenge One solution isthe wnstrudtion
of small-scale Install ations | the mmunity using the water resources available to usto
meet aur needs for eledricty Andthuswe improve our quality of life by transtarming
our products and faciltating our work:

' ™

£35 i
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Dramestic Use
Productive yses

2. WHERE CAN WE FOUND WATER BE USED TO

Good use should be made of all the wwa-
tar souraes existing in the cormmunity or
Irrthe surrounding areas Incuding v
grs, streams sprinds |rrigatimn camals,
of other souras,

Therefare, it is important to lcnow all
the water falls ar high feyels of water
soufoesthat may be taken advantage of
I each casa

additionally, the following | Rformation
shiould be recorded In e notebook

sthe name of the water soura,

sthe name of the place where the wa-
ter fall or high level |5 located, and

wthe approximate distance betwesn
the water source and the Community

£35 i
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4. WHAT DO WE NEED TO KNOW?

Ve need |nformation on 2 varjables _

& the wolume of flow or the amodnt of water that 3 water source has and

» the level or water fall existing between the canal and the posible plac where the
radiing howse will be [ocated

-

L A

LN r

ftisirmpaortant to have (nformation on these variables becauss this will allow us to calal ate
the alectric power than may be generated, It s impartant that the rfver or any other water
souree hias a constantvalume throughout the yeat:

5. HOW CAN WE MEASURE THE LEVEL?

There are methiods that may be eagly applied by community using locl materials and
Instruments

Wieasrng she Neigitwwinr:a Evel m Rose

This method is appropriate for places with @ small distance between the High plae and
the lour place: The only thing we need (s a transparent hose with water i it

To geta reliable measurement, we need to make sure thatno air bubble remains inside
the wiater in the hase

T people are required o measure the total height by sedions

£35 i
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\ F
e

» First e measure the height of the person that will serve as refarence, fram the per-
sor's feet Lip to his eyes. Say, for example, that the height is 1 65 m. Then we Wwrite
this measurement in the notebook

& A shown (rthe figure, we place one end of the hose at the level of the eyes of the
person serving as reference and we place the other end I front of the person untll the
weater level [seven. e then mark this point onthe around This new point serves as
the new reference for the following measuremernt:

# The number of measurements made 15 written down; Torexample, 13 measurements

w Thetotal helght s obtaired by multiplying the height of the person who serves asreferenc
by thie nurrber of times measuremerts swere made, forexample, 1,658 13 = 2148

r i

Fri b Mgam e [ Vot il :0

£35 i
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We can use two methods:
® The container method
® The float method

This measurement should be carried out in the dry season when the volume of flow of
the water source is at its lowest level. Additionally, we should have historical informa-
tion on the conduct of the river: if the river has ever dried up or if there are many out-
flows in the rainy season. This information may be provided by people who have lived
many years in the community.

Now let’s see how each method works:

This method is effective to measure the volume of flow of small rivers or streams, and
consists of measuring the time it takes to fill a container or bucket with the river water.

We need:

e 1 bucket or a cylindrical container whose capacity in litres we know,
® 1 chronometre or a watch, and

® Corrugated roof tiles or plastic sheets.

To measure the volume of flow, we will do the following:

® Locate the part of the river where we will measure the volume of the water.

® In this part of the river, we will orient the river course to form a waterfall (See figure).

® Finally, we will place the bucket or cylindrical container so that the water falls into it
and we take the time it takes until the water fills the container.

® We then write down the time in the notebook. We have to do this at least three times.

For example, if we use a bucket with a 60 litre capacity and the time it took to fill up
with water was 6, 7, 8 seconds, then the volume of flow will be calculated in the fol-
lowing way:

£35 i
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L -
- Calaulate the ayerage fime

P : Ea \'I
Average time =% in seconds
Average Hme = f""—g-"g =7z

™, _‘-"'l

- Calaulating the volume of flow

F

[ = — Capacity (litres)
Average T {seconds)
Fow=22 Lzt
\_ T 8§ b3 A

6.2. Measuring the volume of flow through the
float methaod

4 basic knowledge of mathematics is required 1o use this method It s then inportant
that the community hasthe support of people that have thess kills or we ¢an ask the
teadher of the school community to help us

To apply this method wewill need the follawing

w & floating object, sudh as a small plastiicbottle, 3 ark, etc
& A chronormetre ar watdy

» & tape measure or ribbon

& & ruler of scaled board

To calculate the woluine of fow we ga throudgh the foll owing steps

Hai 40 Aisam e Bl iitas il .._e

£35 i
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L A

First: Select the appropriate place

e must Tind a part of the river that ls 10-20 metres long where the water runs at an
even pace, Without turbiulence, To do so, We must make sure thatthere are no big stones
of lags that prevent the water from running fresly

Second: Measure the speed

e miust identify two poi n-ts.ln'.tﬁﬂ selacted saction of the river: pointawill bethe sart
paiitand pointB will be the paint of arrival,

Then we measure the distance between these polnts, For example, the distance betweer
point A and peintB 1515 m,

One person will stand with the floating object in point & and another person will stand
wiith the watch In polnt B. When the first person lets the floating object go off, the sec-
ond person will measyre the time the float tak es to go from polnt & to point B Then you
write down the time in the notebook. Go this at least three times,

To calaulate the speed, we Use theaverage time that ls calculated in the same Way s in
the first method

o . e
@- et b IWleaduEs L WystEr Sauroes
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Exarnple: the average titme s 10 s

Wiz use the following fomuola:

_ Distance 4- B (maires )

Bpead = Average Time (seconds)

[N o example;
15 m mn
Speed=——=15—
0 = &
"
s A\
Irtermediate :
transvarsal area T
; PRy Final transe rsal
saction
\ A
Mg Meazare the grea af The tareversal sestion of the cver or gamiak

Inthe selected ares, determine the place where the transversal section will be calculatad
This place should have no obstacdes @ that we can comfortably do the measuremerts:

‘required 1o calaulate the area

et 4 Magma e Wiz Solimse i o

IV-25
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\
Firstuve hiave tomeasurethe width of the
riverinthe selected place (see figure). For
example, the width s 2.5 m. )

Then we have to estimate the average depth so that we can finally caladate the trans-
versal area The average depth is obtained by dividing the river width in at east 4 sec
tions and by measuring the depth i each of these sedions

For exarmple:

rd
\ YWate r mirror

-

[ 3

| Dapth | Matres

Q_“ i e M sg= u..l WD iz
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Then we calculate the average of these depths:

h :h1+h2+h3+h4+hs
AVERAGE 3
0+025+0.38+046+0.20
B o™ 5 =026m

Finally, the area of the transversal section is calculated by multiplying the river width by
the average depth.

( A = Width (m) <Average Depth (m) )

( A, =25x0.26 =0.65 m* )

Fourth: Calculate the volume of flow

In our example:

Once we know the speed and the transversal area, we can calculate the volume of flow
of the river using the following formula:

Flow (m/s) = K x Speed (m/s) x Area (n’)

Where K is a correction value associated with the speed.
This value is determined according to the characteristics of the river and its depth (see
the table below).

|Type of canal or river | K Factor

Canal walls coated with concrete, depth of water higher than 15 cm m
Earth canal, depth of water higher than 15 cm
River or stream, depth of water higher than 15 cm

Rivers or earth canals, depths lower than 15 cm 0.5a025

£35 i
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In our example, we have that:
K=05
Speed = 1.5 m/s
Transversal arca = 0.58 m*

3
Flow=0.5 % 1.5 % 0.58 = 0.435 "
5

If 1m?s= 1000 £/s
Then the volume of flow will be; 435 £/s

To calculate the power that can be generated, we need to know the value of the flow
of volume and the height. Once we have this information, we estimate the power using
the following formula:

Power (kIV) = Cx Height (m) * Flow (%)
S

C: is equal to 6 for mini hydropower
C: is equal to 5.5 for micro hydropower

£35 i
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[r orcler to understand the value of the pawer, we can make the following compari san:

10 Bulbs (100 W

Y ]
LA B
' o0 Fluom scarits
1 k“- = tube s (20900

AR R AN AT
e LIy
e J L B0 ", F
fluorasce rts (11 W70 sttt BB 5

SRR RRRe N W
AL LLRALRLTY

Practical example

Wiz have found that the volume of flaw of the stream (2 80 1 and that the height is 458
. What isthe power that carvbe generated?

ANSWer

Wile ko that the
Volutne of flow =80 £/ =008 m?/fs
Height=46m
Then, the value of =355

[mtrodudng the values obtgined into the formula

3
Power (kW) =55 46m = 0.08 &
=

Fower (kW) =20 kW

£35 i
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8. WILL THIS POWER BE ENOUGH TO COVER OUR NEEDS?

Thiswlll depend o our community's demand for energy, thatisto say itwill depend on
what wee il use energy Tor ]

A speoalist is required to deterrine said derrand The spedalist will request all the rel-
evantinformatian, sudy a=

» The total population [iving in the comimunity.

& Tha number of households 10 the comrunity thatl wart to have mnnections to the
electricity service.

» ‘hat other basic serwiaes does the community have: health certer school, muniapality
et

o How rrany businessas or workshiops are there 1 the caomrmunity

9. HYDROPOWER COMPONENTS

Ingeneral, MHSs have the followl ng componerts.

e Ciwll warks
# Electromechanical equipment.

£35 i
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Transmission and distribution netwarks

. A

a) Civil works

The princpal cvil works componerits are: the Imtake, Inlet channel, sand trap, hesd tank
‘penstads, generatar hall, etc

ir'ltak.e

o & hydraulicinstallation whose functiar isto T‘EQUfEIIE‘.‘ a giver] water flow for the pro-
duction of hydropower, whether mechanical or electrical

» The intake may be bult from @ncrete, stone, concrete and timber, etc

Inlet channel
s The purpose of the inlet dhannel Is to conduct water from the intake to the head
tank:

» It |5 gmilarta the imigation charnels used in our community.

Sand trap and head tank

The purpase of the sand trap isto remove stores and sand carried by the watar froim the.
rivar o the way tathe turhine

Pl e ez e Cp At Sallmme g o
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The head tank ensures that the peristodeis always full, preventing alr from antaring:

Penstock

o The penstock carries water under presure from the head tank to the wrbing

» Minifmicro hydroeledii< stations wse Righ pressure PYC pipe as it |2 ligkter, easy to
install and costs less than stesl pipe

Powrer house
The power house cortains all the generation and ontrol eguipment. 1t s located atthe
start of the tailrace, which takes the water from the turbine 1o the river.

b} Eleciromechanical equipment

Cantairied in the pouwer house and consists of all the componerts inwalved (0 gererating
and antrolling the electricity Turhine, generator regulator cortrol panel, ete

What is a turbine?
A madine that transforms hydradlic energy into medianical energy, as wea can seefram
the turbine goimning under the force at the waten

£35 i
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Turbine types
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u U el e ke i
Agmtics oo Coopatican slnmmcons il Jnpes

m Miristerio de Energla y Minas
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