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One kilowatt hour is equal 10 3.6
megajoules.

Appendices

Appendix 1
Energy, Power, and Efficiency

The following section is a review of the energy
concepts which must be understood to install
and design solar energy systems.

Energy

Energy is referred to as the ability to do work.
For example, energy is required to boil tea, to
move a vehicle between two points or to make
a radio work. When boiling tea in a jiko, the
energy source is chemical energy stored in
firewood. When driving a car, the source is
chemical energy stored in petrol. When oper-
ating aradio, the energy source is chemical en-
ergy stored in dry cells.

Energy is measured in units called joules, | , or
in watt hours, as below. Because one joule is
such a small amount of energy, words that
name large numbers of joules are commonly
used. One kilojoule, k], is equal to a thousand
joules, and one megajoule, MJ, is equal to a
million joules. Charcoal, for example, contains
about 32 k] of energy (or 32,000]) per gram, and
petrol contains about 45 k] per gram. During
the course of a clear day at the Equator, about
23 M]J of solar radiation energy falls upon an
area of one square metre.

Watt hours (Wh) are a convenient way of meas-
uring electrical energy. One watt hour is equal
to a constant one watt supply of power sup-
plied over one hour (3600 seconds). Ifabulbis
rated at 40 watts, in one hour it will use 40 Wh,
and in 8 hours it will use 240 Wh of energy.
Electric power companies measure theamount
of energy supplied to customers in kilowatt
hours, kWh(orthousands of watt-hours). In this
book, energy is always referred to in watt or
kilowatt hours. Note that one kilowatt hour is
equal to 3.6 megajoules.

Power

Power is the rate at which energy is supplied
(or energy per unit time). Energy can be sup-
plied at a high rate or at a low rate. For
example, it takes roughly the same amount of
energy to travel ten kilometres walking as it
does to travel ten kilometres running. The
difference is that, when running, more energy

is being used per unit time than walking. Simi-
larly, the amount of energy required to boil a
pot of water is constant; the time it takes to boil
the water depends on the power, or the rate at
which the energy is supplied. More power is
required to boil a pot of water in two minutes
than is required to boil the same pot in ten
minutes.

Power is measured in watts. One watt is equal
to one joule supplied per second. Asinthecase
above, large amounts of power are given the
name kilowatts, kW (thousands of watts), and
megawatts, MW, (millions of watts). As an ex-
ample, an incandescent light bulb might use 40
watts, whilea radio uses about 5 watts, and an
electric cooker might use 2000 W. A human
being riding a bicycle produces about 200 watts
of power, while a typical automobile engine
produce about 25 kilowatts. On a clear day,
solar power arrives upon a flat surface at a rate
of about 1000 watts (one kilowatt) per square
metre. Jinja Dam in Uganda supplies hundreds
of megawatts of power.

Efficiency

Efficiency is the ratio of output energy to input
energy expressed as a percentage. Mathemati-
cally, it is expressed as follows:

output energy
input energy

Efficiency (%) = x 100

Energy-efficient devices use less energy to
performa given task than energy-wasting ones.
For example, some types of stoves use less char-
coal to cook a pot of tea than others. Similarly,
some types of cars use petrol more efficiently
than others. Tube-type lamps consume less
energy than globe lamps to produce the same
amount of light.

In the case of solar electricity, input energy is
the radiation received from the sun by the solar
cellmodules, and output energy is the electrical
output. The best solar cell modules are only
15% efficient. This means that, when the equa-
torial sun is shining at about 1000 W/m?, only
about 150 watts per square meter of solar cells
are produced.

The higher the percent efficient a device is, the
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more effectively it converts energy. Solar cells
that convert solar energy to electricity with an
efficiency of 15% are therefore much more effi-
cient than solar cells which convert solar en-
ergy with an efficiency of only 5%.

Other solar energy devices, including solar
cookers and concentrators, are able to trans-
form solar energy much more efficiently than
solar cells (i.e. up to 60%) The problem is that,
for smallapplications, only solar cellsareable to
convert solarenergy directly toelectricity. Solar
water heaters convert solar energy to heat,
which is useful for producing hot water, but
not very useful for running television sets or
electric lamps. You should therefore consider
using solar cookers if you want to use solar
energy for cooking or heating. Using solar cells
for cooking or heating is wasteful because you
first convert solar energy at only 15% efficiency
to electricity, before distributing the energy
through wires. With solar collectors, the en-
ergy is collected as heat in one step only.

Appendix 2:
Introduction to Basic Low Voltage
Electricity

This section reviews some terms used in to
describe basicelectric principles. If you are just
beginning tolearn about electricity, youshould
check a secondary school text such as Principles
of Physics by M Nelkon (see References) for a
good introduction to the subject.

cannot are called insulators. Metals such as
copper and aluminium are good conductors of
electricity, as are salty liquid solutions called
electrolytes. Wood, plastic and rubber cannot
carry electricity and are thus called insulators.
Note that wire cables are wrapped with plastic
insulators to prevent the electricity from devi-
ating from its pathway.

The Flow of Electric Current.

Although wires areactually very different from
water pipes, electricity flowing through wire
can be compared to water flowing through
pipes. When electricity is flowing, there is said
to be electric current.

Current (I)is the rate of flow of electronsthrough
the wires. Itis measured inamperes (called amps,
A) which is a measure of the number of elec-
trons passing through a given length of wire.
This is similar to the rate of flow of water
though pipes (i.e. litres per second). Current
flowing in one direction is called direct current
(dc), while current which changes direction of
flow is called alternating current (ac). Ina 12
voltdc system, a 13 watt lamp draws about one
ampere of current.

Potential difference, or voltage, is the difference in
potential energy between the ends of a conduc-
tor (i.e. a wire) that governs the rate of flow of
current throughit. Voltageis measured in volts
(V). In basic terms, it is the amount of energy
each electron has to move about, and is similar

Electricity is power pro-
vided by the flow of very
small charged particles
called electrons through
metal wires. Because elec-
trons are so small, it takes
millions of them moving to-
gether in the samedirection
to develop an detectable
electric current. Wires car-
rying electricity do not
appear any different from
wires not carrying electric-

High voltage
ac source
.

24 watts
240 volts ac
0.1 amps

ity (although they may geta 24 watts
bit hot), so electricity is in- Low voltage ;%‘;‘:::sdc
visible to the human eye de source

when travelling through W

wires. >\\ &

Conductors and Insulators.
Notall substances can carry
electricity. Those that can
carry electricity are called
conductors and those that

High current flow
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to the pressure pushing water through a pipe.
Grid electricity is supplied at 240 voltsac, while
the electricity from automotive batteries is at
about 12 volts dc.

Circuits. A pathway which electricity flows
through (i.e. the wires, batteries, lamps,
switches, etc.) is called a circuit. Current flows
from a source of electricity (a battery, generator
or solar cell) through wires to loads (lamps,
motors, electric coils) and back. When there is
an uninterrupted pathway for electricity to
flow, the circuit is said to be closed. When there
is a point where electricity cannot pass (i.e.
switch turned OFF), the circuit is said to be
open. Thus, when you turn ON a light, you
close the circuit, and when you turn OFF a
light, youopen thecircuit. Current cannot flow
through an open circuit. Circuit diagrams are
pictures of electric circuits with special sym-
bols for switches, batteries, resistive loads,
diodes and other electric equipment that help
electricians to understand and plan circuits.

>
Blocking diode

Switch

[

Solar cell module —_Battery Load

‘——————1||||

Series and Parallel Circuits.

When a number of electrical components are
wired up end to end ina continuous chain, they
arejoined in series. If lamps are joined in series,
and one of them fails, then the circuit will be
broken and all the lamps will fail. If batteries or
solar cells are joined in series, the voltage in-
creases according to the number of units joined.
For example, three 1.5 volt dry cells joined in
series will produce a voltage of 4.5 volts.

When components are wired so that one path
can be broken without affecting the flow of
electricity through the others in the circuit, the
components are said to be wired in parallel. The
lamps in a mains-wired house are in parallel,
and you can turn one OFF without turning the
rest of the lights in the circuit OFF. When
batteries or solar cells are wired in parallel, the
available current increases but the voltage stays
the same. For example, if the above three 1.5
volt dry cells were wired in parallel, the voltage
would remain at 1.5 volts, but the amount of
current available would increase.

Basic Electric Laws:

In all basic electrical work, the understanding
of two formulae are required. Once they are
understood, most electrical problems encoun-
tered inlow voltagesystems canbeeasily solved.
These formulae are simple:

Power Law:

Watts (w) |=|volts(v) |x |amps(A)
Ohm’s Law:

volts (V) =| amps (A) |[x |ohms (Q)

Switch
12 volt .
batteries Load Switch
in series ad] ~
AN
Hoamcon tgf 12 volt  Load /
o batteries ; 1
in parallel “/MN
KE
24 Volt System|_ J L

12 Volt System
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The Power Law

Power (P) is the amount of work the electricity
is doing at a given instant. It is measured in
watts. The power rating in watts of a light
fixture, for example, is a measure of the power
it will consume to produce light. Power is
calculated by multiplying the voltage (V) by
the current (I):

Power (P) = Voltage (V) x Current (I)
or
watts = volts x amps

or, (if you divide by voltage),
I= P+ V = watts + volts

Example:

a) A globe lamp is connected to a 12 volt bat-
tery. When it is turned ON, 3 amps of current
flowing through the wire. What is the power of
the lamp?

b) A 24 watt dc globe lamp is connected in a 24
volt dc system. When the globe is turned ON,
what current will be flowing?

Solutions:

a) Example (a) is asking for the power of the
globe lamp.
Power (P) Voltage (V) x Current (I}
= 12 volts x 3 amps

= 36 watls

b) Example (b) is asking for the current flowing

through the 24 volt wire.

Current (1) = Power (P) + Volts (V)
= 24 watts + 24 volts
=1amp

Ohm’s Law

Resistance (R)isthe property of aconductor (i.e.
a wire or appliance) which opposes the flow of
current through it and converts electrical en-
ergy into heat. It determines the amount of
current that can flow for a certain voltage.
Resistance is measured in units called ohms,
which are given the symbol Q.

The formula that relates these three electrical
measures is called Ohm’s Law:

Voltage (V) = Current(l) x Resistance (R)
or
volts = amps x ohms
or
V=IxR

Ohm’s Law Example

In a circuit, a long wire with a resistance of 0.5
ohms connects a 12 watt lamp to a 12 volt
battery. What is the voltage drop in the wires
between the battery and the lamp?

Answer:
From the power rating of the lamp (watts), we
can determine the current (amps):

= waltts + volts
= 12 watts + 12 volts (voltage of
battery)

=1amp

| (amps)

Actually, when the resistance of the lamp is
added to that of the wire, the current is calcu-
lated to be about 0.96 amps.

Because the wireis long we need to know if the
voltage loss due to the resistance of the wire
will make the voltage for the lamp too low.
Ohm'’s Law tells us that the voltage drop is the
current times the resistance:

Voltage drop in wire = current (amps) x
resistance (ohms)
=|xR
= 0.96 amps x 0.5 ohms
= 0.48 volts.

The voltage drop will be 0.96 amps muitiplied
by the current of 0.5 ohms, or 0.48 volts. This
means that, at the lamp, the voltage will be
about 11.52 volts (12 volts from the battery less
0.48 volts from the voltage drop). This is less
than a 5% voltage drop, and is acceptable for a
solar electric system.

Switch
P
Resistance (wire)
-— + =0.5o0hms
Voltage (battery)
=12vdc
Power (lamp)
=12 watls

Small Solar Electric Systems for Africa 101



§\\\\\\\l///// 2
/7////,\ \\\\§ Appendices

Appendix 3: Glossary

alternating current (ac): electric current in
which the direction of flow changes at
frequent, regular intervals.

amorphous silicon: a type of thin film PV sili-
con cell having no crystalline structure.

ampere (amp)(A): unit of electric current which
measures the flow of electrons per unit
time.

ampere hour (amp hour) (Ah): a measure of
total charge commonly used to indicate
energy capacity of batteries. One amp
hour is equal to the quantity of charge in
the flow of one ampere over one hour.

annual mean daily insolation: the average so-
lar energy per square meter available per
day over the whole year.

appliance: a tool or other device such as radio
or television which consumes electricity.

array: an assembly of several modules on a
supportstructuretogether with associated
wiring.

ballast inverter: a device which converts low
voltage direct current to the type of high
voltage ac current required by fluorescent
lamps.

battery: a device that converts chemical energy
contained in its active materials directly
into electrical energy by means of an elec-
trochemical reaction.

battery capacity: thetotal number ofamp hours
that can be removed from a fully-charged
battery or cell ata specified dischargerate.

blocking diode: a solid-state electrical device
placed in circuit between the module and
the battery to prevent discharge of the
battery when the voltage of the battery is
higher than that of the module (i.e. at
night).

by-pass diode: a solid-state electrical device
installed in parallel with modules of an
array which allows current to by-pass a
shaded or damaged module.

cell (battery): the smallest unit or section of a
battery that can store electrical energyand
is capable of providing a current to an
external load.

cell (photovoltaic): see solar cell

charge controller: a device which protects the
battery, load and array from voltage fluc-
tuations, alerts the users to system prob-
lems and performs other management
functions.

charge current: electric current supplied toand
stored in a battery.

circuit: a system of conductors (i.e. wires and
appliances) capable of providing a closed
path for electric current.

circuit diagram: a special type of drawing used
by electricians to represent electric circuits.

connector strips: insulated screw-down wire
clamps used to fasten wires together in
solar electric systems.

converter: a device that converts a dc voltage
source to a higher or lower dc voltage.

crystalline silicon: a type of PV cell made from
a single crystal or polycrystalline slice of
silicon.

current (amps, amperes) (A): the rate of flow of
electrons through a circuit.

cycle: one discharge and charge period of a
battery.

cyclelife: of a battery, the number of cycles it is
expected to last before being reduced to
80% of its rated capacity.

days of storage: the number of consecutive
days a stand-alone system will meet a
defined load without solar energy input.

deep discharge battery:a type of battery that is
not damaged when a large portion of its
energy capacity isrepeatedly removed (i.e.
motive batteries).

depth of discharge: a measure in percentage of
the amount of energy removed from the
battery during a cycle

design month: the month has the lowest mean
daily insolation value, around whichmany
stand alone systems are planned.

diffuse radiation: solar radiation that reaches
the earth indirectly due to reflection and
scattering.

direct current (dc): electric current flowing in
one direction.

direct radiation: radiation coming in a beam
from the sun which can be focussed.

discharge: the removal of electric energy from
a battery.

efficacy: special term which refers to the effi-
ciency by which lamps convert electricity
to visible radiation. Measured in Jumens
per watt.

efficiency: the ratio of output power (or en-
ergy) to input power (orenergy) expressed
as a percentage.

electric power: the rate at which energy is
supplied from an electricity generating
source. It is measured in watts (W).

electrolyte: a conducting medium in which the
flow of electric current takes place by
migration of ions. Lead-acid batteries use
a sulphuric acid electrolyte.

equalising charge: a charge well above the
normal “full” charge of a battery which
causes the electrolyte inside the cells to
bubble and get mixed up.

. ___________________________________________________________________ |
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global radiation: term which refers to the
combined diffuse and direct solar radia-
tion arriving on a surface.

hydrometer: a tool which indicates the state of
charge of lead-acid batteries by measuring
the thickness of the acid inside its cells.

I-V curve: the plot of current versus voltage
characteristics of a solar cell, module or
array. I-V curves are used to compare
various solar cell modules, and to deter-
mine their performance at various levels
of insolation and temperatures.

insolation: incident solar radiation. A measure
ofthe solarenergy incidentonagivenarea
overaspecified period of time. Usually ex-
pressed in kilowatt-hours per square metre
per day or indicated in peak sun hours.

inverter: a solid state device which changes a
dcinput current into an ac output current.

irradiance: the solar radiation incident on a
surface per unit time. Expressed in watts
or kilowatts per square metre.

kilowatt (kW): one thousand watts. Standard
method of measuring electrical power.

kilowatthour (kWh): energy equivalenttoone
thousand watts delivered over the period
of one hour. Standard method of measur-
ing electrical energy.

langley (L): unit of solar insolation (1L = 85.93
kWh/m?).

light-emitting diode (LED): a type of diode
which lights up when current is flowing
through it. Commonly used as an indica-
tor in charge controllers.

load: the set of equipment or appliances that
use the electrical power from the generat-
ing source, battery or module.

low voltage cut-out: a feature of some charge
controllers that cuts off power to the load
when the battery reaches a low state of
charge.

maximum power point: the specific point, or
voltage, where, under given conditions,
the module produces the greatest power.
This can be identified on an I-V curve.

monthly mean daily insolation: the average
solar energy per square meter available
per day of a given month.

ohm (Q): a unit of electrical resistance.

open circuit voltage (V_): the maximum pos-
sible voltage across a solar module or ar-
ray. Open circuit voltage occurs in sun-
light when no current is flowing.

overcharging; leaving batteries on charge after
they have reached their full (100%) state of
charge.

peak power (Wp): theamount of power a solar

towards the sun.

peak sun hours: the number of hours per day
during which solar irradiance averages
1000 W/m? at the site. A site that receives
six peak sun hours a day receives the same
amount of energy that would have been
received if the sun had shone for six hours
at an irradiance of 1000 W/m?,

photovoltaic (PV) device: a device which con-
verts light energy into electric energy.

potential difference (voltage)(V): the differ-
ence in potential energy between the ends
of aconductor that governstherateof flow
of current. Measured in volts (V).

power conditioning unit (PCU): electrical
equipment used to convert dc power from
a PV array or battery into a form suitable
for standard ac loads (240 Vac or 110 Vac).
PCU’s are used to operate high voltage ap-
pliances such as videos and refrigerators.

resistance: the property of a conductor (i.e. a
wire or appliance) which opposes the flow
of current through it and converts electri-
cal energy into heat. Resistance has the
symbol R, and is measured in ohms, Q.

self-discharge: charge lost from batteries left
standing due to reactions within the cells.

shallow discharge batteries: batteries designed
to supply high power for a short duration;
taking too much energy out of these batter-
ies before recharging them is likely to
damage the plates inside.(eg. automotive
batteries).

short circuit current (I ): current across the
terminals when a solar cell or module in
strong sunlight is not connected to a load
(measured with ammeter).

silicon: a semi-conductor material commonly
used to make photovoltaic cells.

solar cell: a specially-made semiconductor ma-
terial (i.e. silicon) which converts light en-
ergy into electric energy.

solar cell module: groups of encapsulated so-
lar cells framed in glass or plastic units,
usually the smallest unit of solar electric
equipment available to the consumer.

solar constant: an amount referring to radia-
tionarriving from thesunat theedgeof the
earth’s atmosphere. The accepted value is
about 1350 watts per square meter.

solar incident angle: the angle at which the in-
coming solar beam strikes a surface.

specific gravity: the ratio of the weight of a
solution (i.e. battery acid) to an equal vol-
ume of water at a specified temperature.
Used as an indicator of battery state of
charge.
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standard test conditions: a set of accepted test-
ing conditions commonly used by manu-
facturers to compare solar cell modules of
different types. The conditions are 1000
W /m? solar irradiance at 25°C with an air
mass of 1.5

stand-alone solar electric system: a solar elec-
tric system that receives all of its energy
from solar electric charge, and which is not
connected to the grid or any other source
of power.

state of charge: the amount of charge in a
battery expressed as a percent of its rated
charge capacity.

system voltage: the voltageat which thecharge
controller, lamps and appliances in a sys-
tem operate, and at which the module(s)
and battery are configured.

total daily system energy requirement: the
amount of energy required to meet the

batteries are fully charged, some charge
controllers reduce theenergy from themod-
ule to the battery to a trickle charge so that
the batteries are not overcharged, but so
that they still get enough current to over-
come self-discharge.

volt (V): a unit of measurement of the force
given to electrons in an electric circuit; see
potential difference.

voltage drop: loss of voltage and power due to
resistanceof the wireto the flow of electric-
ity in long runs of cable.

watt (W): the internationally accepted meas-
urement of power. One thousand watts
are a kilowatt, and a million watts are a
megawatt.

watt hour (Wh): a common energy measure ar-
rived at by multiplying the power times
theamount of time used. Grid powerisor-
dinarily sold and measured in kilowatt

daily electrical load plus the extra energy hours.
required toovercomesystem energy losses.
tracking: the practice of changing the position
(i.e.angle) of the array at various times
during the day so that is faces the sun and
so harvestsalargeramount of solarcharge.
trickle charge: alow current charge. When the
Appendix 4:
Conversions and Electric Wiring Code
ENERGY CONVERSIONS ELECTRICAL WIRE CODING
watt hours x 1000 = kilowatt hours East African/British Colour Coding System
kilowatt hours x 1000 = megawalt hours Direct Current )
megajoules + 3.6 = peak sun hours Black - negative
= kilowatt hours Red + postive
kilowatt hours x 3.6 = megajoules Alternating Current
langleys x 0.0116 = kilowatt hours Blue g neutral
= peak sun hours Brown line (‘hot')
langleys x 0.0418 = megajoules Yellow/green earth
watt hours + system voltage = amp hours
American Colour Codi t
POWER CONVERSIONS Direct currant | oding System
Bla - i
watts + 746 = horsepower R e: K + ;:sgm;e
watts x 1000 = kilowatts
G
kilowatts x 1000 = megawatts reentbare 0 ground
Alternating Current
White neutral
Black line (*hot')
Green or bare earth
Red or any other ‘hot’

... ]
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S Charters & C Y Wereko-Brobby)
CSC(86)ENP-9. Order No. 187. Free.

Assessment of Biomass Resources in Develop-
ing Countries. CSC(86)ENP-10. Order No. 188.
Free.

Resources and Energy Potentials in Rural
Bangladesh: A Casestudy of four villages (June
1982). June 1986 vi + 143 pp. CSC(86)ENP-11.
Order No. 188. Free.

Common Accounting Procedures for Biomass
Resources Assessment in Developing Coun-
tries: Proceedings of the inaugural workshop of
the Technical Working Groups, Imperial Col-
lege, London 14-18 April 1986. July 1986, 67 pp.
CSC(86)ENP-13. Order No. 195. Free.

Potential use and performance studies of solar
cropdriersinMauritius, CSC(87)ENP-18. Order
No. 238. Free.

Natural Convection Solar Crop DriersinKenya:
Theory and Practical Application (by Herick
Othieno, Kenyatta University, Nairobi, Kenya)
CSC (87) ENP-20. Order No. 241. Free.

Biogas Technology for Rural Development in
Zimbabwe (by G Marawanyika, M Mapako &
McGarry S ] AEP Report series No 5)
CSC(87)ENP-21. Order No. 242. Free.

African Energy Programme - A Perspective of
a Regional Project Network, by R WO Okot-
Uma. July 1989, vii + 77 pp., CSC(89)ENP-28
Order No. 272.

Development of Solar Driers for Pyrethrum in
Tanzania, by T. E. Simalenga and G C Mkema.
February 1991, viii + 56 pp. CSC(91)ENP—29.
Order No. 285. Free.

Titles available from: Executive Officer (Informa-
tion), Commonwealth Science Council, Common-
wealth Secretariat, Marlborough House, Pall Mall,
London SW1Y 5HX, United Kingdom.
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WORKSHEET 1: DAILY SYSTEM ENERGY REQUIREMENT

Use this worksheet to calculate the energy which must be
supplied by the module(s) each day to power all the lamps and
appliances in your system.

1. Calculate the total daily load energy demand using the table below (see page 46-48).

Column A Column B Column C Column D
Lamp or appliance Voltage Power Daily use
(list below) (volts) (watts) (hours)

Column E
Daily Energy Use
(watt hours)

2. Estimate system energy losses Total Daily Load
Energy Demand

Energy is always lost due to inefficiencies in wires,
batteries and inverters. This extra amount should be
added to the total daily load energy demand. Itis

difficult to measure energy losses exactly. E> C> Estimated System
Energy Losses
Very general estimates of energy losses can
be made as follows: 3. Add Box F and Box G.
Write the sum in Box H.
¢ If the system components are new .
and properly sized, estimate 15% of Total Daily .Sy stem
energy losses to be: Box F o Energy Requirement
This is the amount of energy that
¢ If there are a number of long wire must be supplied by the
runs (over 10 metres), and the module(s) each day.
equipment is new, estimate energy 20% of 4. Choose Sysiem Voliuge
losses to be: Box F
« Running from a 12 volt battery? 12 volts
z‘,fs:it:ﬁ zizt::eyr is secondhand, 25% or more « Running from nicad cells? Add up
gy losses )
10 be at least: of Box F voltage at 1.3 vplts per cell. Runat variable
voltage of appliance or module.
* If the system uses a power «Lon le runs? m?
conditioning unit (see page 44-45), 30% of éﬁecgkcszlfa; (iro;sz.lr oSy 24 or more volts
estimate system losses to be: Box F Box |
. . . System
Write your estimate of energy losses in Box G above. Voltage
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WORKSHEET 2: SIZING AND CHOOSING THE MODULE

SOLAR INSOLATION ASSESSMENT (See page 59)

1. Do you have If there is no met station for the |3

meteorological

estimated roughly.
instructions on page 60

information?

Yes {}

2. Mean insolation data. Enter insolation data
from nearest met station. Convert from sun-
shine hours or langleys to peak sun hours.

Box A
Month

Langleys} Sunshine hours| Peak sun hours

O Z|olw|>| —|—|=Zl» || H—

Box €
Estimated Annual Estimated Design
Mean Daily Month Mean Daily
Insolation Insolation
Box (1 Box (2

. Insolation

Design solar insolation value

Add Box B and Box D together. This
sum is the value to be used when sizing
the module. Enter in Box G below.

value,
Choose design month or
annual mean daily inso-
lation (see page 59-60).
Enter in Box B.

Tracking/fixed? If
tracking calculate, 25%
of Box B. Write in Box
D. If not tracking write 0
in Box D.

CALCULATE THE SIZE OF THE
MODULE (See pages 60-62)

To determine the required module size
divide the daily system energy
requirement by the peak sun hours of
the site's design month.

Details of

solar module chosen
‘When you choose your
module, write its details in
the table to the right.

Company
Model

Peak Watts
Rated Voltage
Rated Current

Box F Box G
=+ X
Daily system Insolation Adjustment factor Modaule size
energy requirement (peak sun hours) (peak watts, Wp)
(watt hours)
This number tells how This number tells how This number adjusts the This is the size of the

much energy is required
per day to power the
system (see Worksheet

1, Box H).

much energy is available calculation to account for

from the sun per day actual field performance of
during the design month the module. Use 1.1 for most
(see Box E above). installations.

module required to power
your system. You have
finished the module sizing
calculation.
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WORKSHEET 3: BATTERY AND CONTROL SELECTION

Battery Information
Before buying your batteries, collect
this information along with the price

Total Daily System Energy of each type available.

Requirement in watt

hours.
From Worksheet 1 Box H. Company &
Divide this figure by the Model
system voltage and enter the
quotient in Box B below. .
Capacity (Ah)
Volts
Number
Box E required
Number in
Series
Number in
Parallel
Total daily system Number of storage Maximum allow- Required system
energy requirement days required able daily depth of battery capacity. Estimated
in amp hours. dischargeof battery  This is the minimum Lifetime

battery size required
in amp hours.

2. Size of controller required

Controllers are commonly available in 5 amp and 20 amp sizes
(see page 36). If there are only one or two lamps and no TV in
the system, a 5 amp control can be used. Most systems, however,
should use a 20 amp controller. Check the rated size of the
controller before buying it.

L + ol needed 2 3. Features desired in controller
. Is a control needed ?

High voltage cut out Yes[ ] No []
Is the battery worth protecting? Yes [[] No [] Low voltage cut out Yes[] No []
Does the system use nicad batteries? Yes [ ] No [ ]| Low voltage warning Yes[] No []
Is the system above 20 Wp Yes [ ] No [] | Reverse current protection Yes[ ] No []
Will the system be well managed? Yes [ ] No [] | Solarcharge indicator Yes[] No []
Ammeter/voltmeter Yes[ ] No []
Timer Yes[ ] No []
Charge Controller Information
Company and Model
Size in amps
Features
Low voltage cut-out at volts
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WORKSHEET 4: WIRING, VOLTAGE DROP AND FUSES

1. Determine the lengths of all cable runs

2. Work out voltage drops on major cable runs

Follow the instructions on pages 54-56 to fill
out the voltage drop table below:

Draw a scale map of house or site in this box.

Voltage Drop Table
Column A Column B Column C Column D Column E Column F
Cable run Distance Maximum Kvalueof Total resisitance Voltage drop Is voltage
of cable current intended wire drop too high?
(list each major run) (metres) (amps) (ohms/metre) (ohms) (volts) (Yes/ No)

3. Sizing Fuses (see page 50 & 51)
e List circuits to be protected. Write in Column A.

e Determine the maximum power draw in watts of each circuit

to be protected. Write in Column B.

o Change the figure in Column B to amps by dividing by the
system voltage. Write in Column C.

e Increase the figure in C by 20%. This is the fuse required.

4. List all electrical connection equipment required

Fill in the table below to estimate the amount of electrical
accessories to be bought. Use it when purchasing equipment.

Item and Type Size Amount

Cable
Cable

Column A Column B Column C Column D
Circuits Max rated power ~ Max rated Fuse size
(list each) (watts) current (amps) (amps)

Cable

Conduit

Switches

Sockets

Fuses

Connector strips

Junction boxes
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