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CHAPTER I MANUAL FOR PV SYSTEM MANAGEMENT

" 1.1 Objectives and Constrains

The objective of this chapter is to provide a manual for implementation of rural
electrification in Senegal using PV technology as a means of electrification.

* The manual to be provided are (i) for Users, (ii) for Enterprise of electrification or Project
Operator and (iii) for Governmental Organization.

At presént, the government of Senegal has changed their policy to implement rural
electrification from conventional national electricity organization SENELEC to private
enterprises by licensing the right of concession of electrification divided the un-electrified
area of Senegal. Expecting the vitality of private orgarﬁzation. ' |

The ASER was established as an implementing organization and manuals for the ASER to
execute the rural electrification are provided and publicized.

- According to this manual, ASER consider three basic electrification methods such as, (i)
the extension from MV grid, (ii) stand-alone diesel generator with LV distribution line and
(iii) PV (SHS), but electrification program based on the PV dissemination does not
provided. ' '

The target number of electrification is described in PASER (Action program for rural
electrification in Senegal). It is shown as follows: '

_Table .1 Target of PASER

- Type of Service . | : Present (2000) | ‘First Phase (2005) . “|: ' Sécond Phase (2015) -
Extension of MV line 27,000 58,000  (+31,000) 80,000  (+22,000)
Diesel + LV network - 26,000 (+26,000) 120,000 (+94,000)
SHS (PV) 3,000 20,000  (+17,000) 70,000  (+50,000)
Total 30,000 104,000  (+74,000) 270,000 (+166,000)
Rural household 600,000 696,000 810,350
Electrification ratio 5% 15% 33%

Total number of electrified household by 2015 is targeted as 240,000, by the extension of
MYV line is expected as 53,000(22%), Diesel/LV network is 120,000 (50%) and by SHS is
expected as 67,000 (28%), the expectation for SHS is pretty high'.
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The number of concession will be set around 20 in whole Senegal. Each concession will
electrify around 10,000 households then around 3,000SHS could be introduced.

What type of SHS to be introduced or what type of system to distribute SHS are leave to
the concessionaire’s discretion '

- ASER provided another type of electxiﬁcat_ioh plan other than concession program.
ERIL is an electrification project of limited zone or areca by the initiative of local
community. ERIL (Local Initiative Rural Electrification) ‘

Under those situation, JICA study team formulated-the pilot' project in Mar Island to
install 95 SHS and entrusted private operator to manage them as “fee for service” mode to
prove the feasibility of ESCO system in Senegal.

This pilot project will be an example of ERIL type project or implementation model
project in PV introduction of concession type electrification (PPER).

The manuals will be provided here are mainly based on the experience and results of the
pilot project for:

1) Manual for customer: Based on the user manual provided for the pilot project,
such as a recommendation of “how to use SHS systems” introduced in the “fee
for service” scheme.

2) Manual for Enterprise of electrification or Project Operator: Based on the
process to formulate and operate the pilot project in such as “fee for service”
scheme.

3) Manual for Governmental organization: Based on the provided ASER manual,
from the view point of implementation of PV dissemination, providing the
evaluation of application document for ERIL project and method for
investigation and monitoring of implementation of ERIL project.

1-2
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CHAPTER 2 MANUAL FOR CUSTOMER

2.1 Principle of Solar Photovoltaics (PV)

Principle of solar photovoltaics is simply said; the PV module receives the solar light
energy and converts it as electricity so it can generate electricity during only the sun is
shinning,.

" Cortacts(tord skie)
Flagattve 4

Figure 2.1 Photovoltaic Power Generation (IEA PVPS Home Page)

2,2 Solar Photovoltaics System

PV module generates only the sun is shining but electricity is necessary after the sun
downs such as for iltumination. For this purpose the electricity generated during the sun
shines should be stored in battery. To use the battery work well, the charge controller is
necessary. Then solar PV system is consisted from PV module, battery, charge controller
and load appliances.
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'l[

FLUORESCENT LIGHTING

BATTERY

Figure 2.2 Photovoltaic System

(1) PV module (PV panel)

PV module is consisted from PV cells to take enough voltage to charge battery and current
to utilize electricity. Usually the voltage is 15 to 18V and generated power is 30 to 200W

per module. People want much power it is possible to connect PV modules as much as
they need. '

Figure2.3 PV module (PV panel)

(2) Battery

Battery stores the generated electricity. There are many kind of battery but most popular
type is lead-acid type (lead as electrode and sulfuric acid as electrolyte).

The life of battery is affected by use condition, customer should follow the direction of
battery supplier or project operator.
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The charge controller controls battery by setting voltage for the each type of battery so
when needs to renew battery it is recommended to purchase same grade of used one.

Figure 2.4 Battery -

(3) Charge controller

Charge controller is to prevent over charge and over discharge to extend the life of battery.
When charging battery, the voltage reaches the upper limit then cut off the current from
PV module to prevent over charge and decomposition of water. When discharging, the
lower limit voltage is detected, it cuts oft the supply of electricity to loads to prevent over
discharge and damage of electrode.

Usually charge controller equipped the indicating function like LED to see the state of
charge and possible to judge the utilize condition.

Figure 2.5 Charge Controller
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{4) Load appliances

As load appliances for PV system are mainly lighting, radio, radio-cassette and TV (B/W)
and most of them should be for direct current use. The supply of electricity is limited then
the efficiency of appliances is better to be high.

For lighting, small fluoréscent light is popular and recently compact type is become to use.
To watch TV, usually black and white TV is possible but recently the request to watch
color TV is strengthening but the electricity consumption is large and difficult by small
capacity system.,

Figure 2.6 Fluorescent lamp

2.3 User Manual

Here is introduced “the user manual™ that prepared for the customer of the pilot project,
Objective of this manual is to show customers how to use the electricity from the PV
system in "Fee for Service." scheme

(1} Introduction

According to the "Fee for Service" method, the service that users receive is served as the
compensation of the fee collected by the operator. The operator guarantees providing

electricity with SHS as far as the user respects the contract about user's responsibility to
maintain the system.

The user is not allowed to touch to any part of the system or to change the wiring without
permission of the operator.
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(2) Cleaning of PV module

Senegal has only two seasons (dry and rainy season) and small precipitation can be
~ expected (Hot and Semi-Arid climate). Because of this small amount of rainfall, it is
rarely expected that the rainfall clean the PV module naturally.

Moreover, objects outside is likely to be covered with sands carried with the wind from
Sahara. Considering this situation, the user of SHS in Senegal is strongly recommended to
clean the surface of PV module at least once a week in order to maximize the power
generation of PV module. The cleaner surface of PV module is, the greater the expected
output of PV module is. |

The user has to pay attention on the items below when they carry out the ¢cleaning;

¢ Toavoid puiling the wiring when the cleaner climb on the roof for the cleaning.
‘s To avoid putting the cleaner's weight on the PV module.

*  To use soft cloth when the cleaner clean the PV module.

It is more preferable to wash the PV module with enough amount of water, if possible

YIRSER DO LA KA1 SAKHEAL VEXSEX B L'PAUFLK LE FANTAN

NETTUTLR A LATDE LN CRER R T UN RACIELR. WEPAS APPUYER SUR LE PANNFAL : o NETTUTER AT ADE DU CHRITTRUA) DFLK RACTSEY RE PAS AFPUYER SUR LE FANNEAL

Figufe 2,7 Cleaning Instruction of PV Module

(3) Checking the Charge Controller

The user does not need to check inside of the charge controller. All the user have to do is
to see the LED color to confirm the charge controller works well or not.

2-5
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There are 2 LEDs on the charge controller to show the operation status. The upper LED is
"Information Display" and the lower one is "State of Charge Display.”

When the system works well the information display blinks green. If the LED blinks in
another color like yéllow or red, the user has to stop use the system and call the local
technician.

The state of charge display informs of the battery state of chafge. The LED changes its
color according to the battery voltage and users can know the state of charge.

GREEN:  The battery is full. The system is ready for use.

YELLOW: The baﬁery is losing its capacity. Not necessafy to stop'ﬁsing the
systemn but charging is needed.

RED: The battery is empty. The user has to stop using the system until the
LED changes its color green.

Comivar verm cLogmvamt : armd

RomgmV ole SRt | Rt by
_ | i clgtedard : mppcky wohwiiim
Comeloow’ g =t At 0
E N1 Comtomy [t i ¢ X Sembon o', de s B
(hhmrw.’“-'—_k,-_n’qf'“

NE PAS TIRER LES CABLIS

%' !/'.‘.:_ Covtumr vare: - inmels suwgrie, rhargn ubopl,
le T Lo RE W L PR v —,
o gy : i flebe, Sy e

Figure 2.8 The System Status Indication of Charge Controller

(4) Battery Box

The battery emits flammable gas, hydrogen, when it is fully chargéd. The battery box
bears the hole to exhaust the gas produced. The user has to make it sure that there is no
flames nearby the box and there is no obstacles on the hole of the box. It is not allowed for

2-6
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users to touch the battery itself. The local technician keeps the key of battery box to keep

away.

NE RIEN POSER SUR LE CAISSON DES BATTFRIES NE PAS TIRER LES Cﬂlﬁ

NE PAS METTRE DE FEU A COTE

Figure2.9 Preservation of Battery Box

{5) How to Change the Bulb of Lamps

The bulb of lamps 1s out of service for the fee. Users need to change bulbs by their own

expense when the bulb has broken.

1)

2}

Fluorescent Lamp

‘The cover needs to be removed pinching top and bottom together to uniock the

cover when users want to change the bulb. Twist and pull the dead bulb to remove it
from the body. Insert the new bulb in the reverse way. Make it sure to fix the cover
again after the replacement of bulbs.

LED amp

The bulb of LED lamp is screwed into the socket. When users want to remove the
dead bulb, they need to screw it out turning anticlockwise. Then, screw the new bulb
into the socket.

Although the socket of LED lamp is compatible with that of incandescent lamp,
incandescent bulbs are not allowed to use with the socket of LED) lamps to prevent
inefficient energy consumption of the system.
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NE BAS METTRE DE LAMPES A IN(‘_\ND[SlCENCf-

Figure 2.10 Introduction of Replacement of Bulbs

(6) Outlets for TV and Radio

Outlets for TV and Radio have special shape to avoid adapting the adaptor in reverse
polarity. The supplier provides the adaptor. All users who want to use radio and TV must
ask the local technician to make wiring for the adaptor.

PRISES DE COURANT

 COLLER1E DETROMFEUR SR 1A FICHE MALE - .

NE FAS METTRE DE FICHE NON FQUIPEE DE DETROMIEGR

Figure 2.11 Instruction of Polarity of Socket for TV and Radio

(7) Energy Management by Users

Because the amount of energy supplied to users is limited in SHS, the users need to learn
how the system behaves in what kind of usage in order to recognize effective energy
management,

The system of the pilot project is expected to supply 180 Wh/day. This means that the user
canr watch TV of 30W for 6 hours. Instead, any other appliance other than TV won't be
available during the same period. To use TV and lamps at the same time, the user has to
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control the time of watching TV. For example, if TV of 30W is on for 3 hours, the rest of
available energy will be 90 Wh. If the user uses an 8-W lamp, the lamp will be available
for about 11 hours. If the user uses five 8-W lamps, cach lamp will be available for about

2 hours,

User should remind that 180W/day couid charge only on sunny days, cloudy days and
rainy days the generated electricity will be reduced. But battery stores around for three
days use without any additional charge. If battery discharge more than that, controller cut
the supply of electricity to the load until enough electricity charged from PV module in

sunny days.

Here is shown a model of usage.

= — | | | == }01

Figure 2.12  Sample of Usage, Type 1
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Figure 213 Sample of Usage, Type 3
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