This planning method is for basic
systems only. Systems above 200
peak watts should be designed with
the assistance of a qualified solar
electric engineer.

The worksheets referred fo in the
fext are found on pages 107 1o
110 at the end of the book.
Whenever the text refers fo a
table or box {for example, Box
F), it is referring fo a box within
a worksheet.

Chapter ¢
Planning a Small System

This chapter is a guide to designing small solar electric systems. It
combines the information presented in the preceding chapters, enabling
you to tailor a solar electric system to your own particular requirements
and resources. Worksheets 1 to 4 (attached at the end of the book) guide
the reader through four design steps, including:

I A

Calculation of the load and system voltage;

Survey of solar energy resource and selection of module(s);

Sizing and selection of battery and charge controller;

Sizing and selection of cables, fuses and switches.

Total Daily System Energy
Requirement and System Voltage

The total daily system energy requirement is
the amount of energy the modules must
generate tomeet the daily energy load plus
the extra energy required to overcome
system losses. The steps below explain
how to use Worksheet 1 (see page 107) to
calculate this figure, and how to decide on
the system voltage.

1.

Determine the total daily energy load
demand inwatt hours (as explained in
Chapter 7, page 46). Write this num-
ber in Box Fof Worksheet 1.

Next, estimate system losses to the
battery, wires and inverters. Not all
energy produced by the modules is
available for usein the system, assome
is lost as heat in conversions. For
small systems, it is reasonable to as-
sume that losses will be about 20% of
the total daily load, butlosses increase
if the system has long wire runs, old
batteries, or inverters. Write the esti-
mated energy losses in Box G.

3. Add Box F and Box 6.

Write the sum in Box H.

This is the amount of energy that

Total Daily Load
Energy Demand

Estimated System
Energy Losses

Total Daily System
Energy Requirement

must be supplied by the
module(s) each day.

Figure 9.1 Determining daily system energy
requirement

3.

Add Box F to Box G. This sum is the
daily total system energy requirement
in watt hours. Enter this number in
Box H of the worksheet.

Decide on the system voltage. This
will be 12 volts in a majority of home
systems in East Africa. Systems with
long wire runs (i.e. schools) should
operate at 24 volts or higher. Very
smallloads (i.e.radios or lanterns) may
be run at 6 volts or lower with nicad
battery storage (see page 48). Write
the system voltage in Box I.
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The month with the lowest mean
daily insolation value is called
the design month.

Resource Survey:
Estimate the energy harvest

Before selecting your module, you need to
estimate the solar energy available at the
site (i.e. mean daily insolation in peak sun
hours). Worksheet 2 (see page 108) will
help you do this. Records from a nearby
meteorological station should be used if
they are available (see Chapter 2). If there
is no met station nearby, you will have to
estimate the amount of power available at
your location, as explained below.

Using Meteorological Records

If monthly meandailyinsolation dataisavail-
able from a station nearby, enter the
monthly data in the table in Box A, Work-
sheet 2. (Data may be in langleys: to con-
vert langleys into peak sun hours, multi-
ply by 0.0116). If only sunshine hours data
is available, convert it to peak hours using
Table 2.1, page 14 (note this conversion is
an estimate only).

Mean insolation data. Enterinsolation 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

i
|

UEOV:>HHZ>Z~:1'-'

Annual

Figure 9.2
Enter records in Box A of Worksheet 2.

Check which month has the lowest mean
daily insolation. This is called the design
month because its low mean daily insola-
tion value is often used to size the array
(for example July is the design month for
Arusha, see Figure 9.3). If solar charge is
the source of all your electric power, and
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Figure 9.3

Monthly mean daily insolation for Arusha

you cannot reduce power consumption
during cloudy weather, then you must
design the system so that the modules
produce enough power during the cloudi-
est, or design month. For example, in a rural
health centre that cannot function without
aminimumsupply of energy for lightsand
vaccine refrigerators, the system should
provide enough energy even during the
cloudiest weather.

However, if you base the size of your array
and battery on the design month, then
your array may be too expensive, and it
may produce excess energy in the sunny
months (in Nairobi, the mean daily insola-
tion varies between 4 peak sun hoursin the
cloudiest month and 6 peak hours in the
sunniest). To reduce the size and expense
of the array required, the annual mean daily
insolation value may be used asa planning
figure instead of the design month value
(see Figure 9.3). This is the average energy
available per day over the whole year (add
all monthly values together and divide by
12). Note that a shortage of energy during
cloudy parts of the year is likely if you use
this value when designing, so you will
have to reduce use of lights and appliances
(or charge the battery by an alternative
method) during those months.

Decide whether you will use the design
month mean daily insolation value or the
annual mean daily insolation value when
planning your system. Enter this value in
Box B.
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If no meteorological station is
nearby, it will be necessary fo
make an estimate {or educated
guess) of the insolation received
at your site.

Estimating Insolation
without Records

If no meteorological station is nearby, it
will be necessary to make an estimate (or
educated guess) of the insolation received
at your site. Consult the contour map of
East Africa’s annual mean daily insolation
to getarough estimate of your site’sannual
mean daily insolation (Figure 2.7, page 13).
InFigure 2.7, forexample, Dar es Salaamis
located between the 5.1 and 5.3 peak sun
hour contours on the map. Therefore Dar
has an estimated annual mean daily insola-
tion value of about 5.2 peak sun hours.
Write this value in Box C1.

Next, use Table 2.1 on page 14 to refine the
above value based on the seasonal changes
at the site that you have observed. Com-
pare your site’s monthly weather vari-
ations with the monthly variations of sites
near yourson themapinFigure2.7. Which
month is the cloudiest, and how much
more cloudy isit? This value corresponds
to the design month. It may be as much as
half the annual mean daily insolation fig-
ure in Box C1. Write it down in Box C2.

Choose whether to use the design month
value in Box C2 or the annual average
value in Box C1. Enter this value in Box B.
Remember, most sites in East Africa have
mean daily insolation levels of between
four and seven peak sun hours, so the
number you enter in Box B should be be-
tween four and seven.

Extra Energy from Tracking

Modules attached to tracking mounts like
the one described on page 15 will collect
about 25% extra energy (if properly oper-
ated). For modulesmounted onsuch track-
ers, calculate 25% of the valuein Box Band
writeitin Box D. If the module is fixed (not
tracking), write ‘0" inBoxD. Now,add Box
Band D together, and write the sumin Box
E of the worksheet.

This is the number of peak sun hours (or
the total amount of energy in kilowatt
hours per square metre) expected per
design day, from which the array and bat-
tery size will be determined.

Sizing and Selection of the Array

The module(s) in a system must be chosen
so that their energy output matches the
energy requirements of the load as closely
as possible. For a solar electric system to
succeed over the long term, average daily
energy outputmustequal theaveragedaily

energy requirements:

Energy Producedby = Total Daily System
Module per day Energy Requirement
(in watt hours) (Iin watt hours)

As discussed in Chapter 3, the power out-
put of any module depends primarily on:

» thelevel of insolation (i.e. the number
of peak sun hours received by the
module, as calculated in the previous
section). Insolation is determined by
weather conditions and by theangle of
the module to the sun;

e the temperature of the module (the
hotter the module, the less the power
output);

» thevoltageatwhichitisoperating (the
closer the voltage is to the maximum
power point, the higher the power
output).

Choosing the Size of your Module
Chapter 3 explains how to roughly esti-
mate any module’s maximum output:

Maximum energy
output of module =
in watt hours

Peak power Insolation
rating of module | x in
in Wp peak sun hours

Note that modules will always produce
less energy under field conditions. Thisis
because module peak power ratings (Wp)
are measured under ideal conditions, and
in the field, conditions are not ideal (i.e. itis
hotter or the load voltage may be poorly
matched to the module). This calculation,
however, conveniently allows planners to
make a rough estimate of module output
using only the module’s rating and insola-
tion data. Module output can be estimated
more accurately using manufacturer's I-V
curves (see next page).

X S
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Use this table to roughly

estimate the energy output of a

particular module size under
different levels of insolation.

Rated size
of module required

in Wp

Total daily system
energy requirements
in Watt hours

. lnsoilra:tion , |Adjustment
peak sun hours Factor

The rated size of the module(s) required in your system can be calculated from the total
daily system energy requirements, the daily insolation in peak sun hours and an adjust-

ment factor.

Insert each of these numbers into their
respective boxes in Worksheet 2, and
complete the calculation as follows:

1. Enter the total daily system energy re-
quirement (from Box H in Worksheet
1)in Box F.

2. Enter the designinsolation value from
(Worksheet 2, Box E) in Box G.

3. Enter an adjustment factor in Box H.
This figure accounts for the lower
actual field output of the module. In
most cases, use the value 1.1 as thead-
justment factor. If the module is
mounted directly on tin, or if the aver-
age ambient temperature is above
40°C, use the value 1.2.

4. Complete the maths, double check
youranswer, and writeitin Box I. This
is the size of the module you need.

Depending on your budget, and the mod-
ulesizesavailable, youcanchooseaslightly
larger or smaller module. A larger module
will produce extra energy for appliances.
A smaller module will require that less
energy is used during cloudy weather.

Table 9.1 shows the maximum daily en-
ergy output of variously-sized modules at
several levels of insolation. The table also

shows that modules attached to tracking
mounts collect significantly more energy
each day.

A More Accurate Method

of Estimating Module Output

The method described above for sizing
your module is not accurate for several
reasons:

» First, the peak power rating is based
on module output at 25°C with a solar
irradiance value of 1000 W/m?. In re-
ality, your module will probably oper-
ate at a higher temperature, and have
a lower output.

¢ Secondly, the actual module power
outputdependson the voltageat which
it operates (see I-V curves, page 21).
Modules are rated at their peak power
output, which occurs at a specific volt-
age (the maximum power point,Pm).
Unless the load is exactly matched to
the maximum power point voltage,
modules will produce less than the
rated peak power.

The I-V curve supplied with your new
module can be used to make a more accu-
rate estimate of energy output. You need
to find the current (in amps) at which the
module operates, which depends on the
voltage, temperature and irradiance. Fig-

Table 9.1: Maximum Daily Module Energy Output per Day (in Watt Hours) at 3 Insolation Levels

Module Size 4 peak hours 5 peak hours 6 peak hours
(Wp) Fixed  Tracking Fixed Tracking Fixed  Tracking
25 10Wh 12Wh 12Wh 16Wh 15Wh 19Wh
5 20 25 25 31 30 37
10 40 50 50 62 60 75
20 80 100 100 125 120 150
40 160 200 200 250 240 300
60 240 300 300 375 360 450

L. _______________________________________________________________ ]
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Planning a . Sizing and Choosing
Small Sysiem Battery charging range the Bat tery
4r v
W 1,000 Wim2 5/ i As mentioned in Chapter 4, the
g 4 | Cell temperature battery is the part of the system
£ 47°C  29amps ! ; (5)28 most likely to experience prob-
ol SR i 4790 lems, so it must be carefully se-
= ’/ 60°C lected. Worksheet 3 guides you
If you have |-V curves for your & 7 ] through battery sizing calcula-
module, you can calculate its 31t 125volts 17 tions (see page 109).
output much more accurately. 7
P B W S w ﬁ 5 Choice of battery will be limited
Voltage (Volts) by what is on the market and
how muchyouhavetospend. A
Figure 9.4 new, deep-discharge solar bat-

The operating voltage of a
module charging a battery in
sunny weather will be slightly
higher than the normal voltage
of the battery.

Using I-V curves to calculate module current output. Note

that this curve is for a given irradiance.

ure 9.4 shows I-V curves for a typical 32
cell module at a fixed solar irradiance.
Note that there are different curves for
different temperatures (i.e. 10°, 25°, 47°,
and 60°C). Note also the shaded area
which shows the battery charging range
between about 11.5 and 14 volts. If you
know the charging voltageand the operat-
ing temperature, you can use your mod-
ule’s I-V curve to calculate the operating
current of the module at a given solar
irradiance.

For example, using the I-V curve, we can
estimate the operating current of amodule
at a temperature of 47°C charging a 12.5
volt battery (remember, modules are typi-
cally 20° warmer than the ambient tem-
perature). Follow the dotted line up from
12.5 volts until it touches the 47°C curve,
and then follow the dotted line across to
the current reading (about 2.9 amps). If
the module’s temperature was 60°C, you
would use the 60° curve to calculate the
current output (i.e. 2.3 amps).

Now, multiply the operating current (in
amps) by the daily insolation figure (in
peak sun hours) to get the amp hour out-
put of the module per day:

Output of module
(in amp hours)

Insolation
X in
peak sun hours

Operating current
(in amps)

Multiply this amp hour figure by the sys-

tem voltage to convert to energy in watt
hours.

tery is the best option, but many
40 Wp systems successfully util-
ise automotive or second-hand
batteries. When choosing second-hand bat-
teries, remember that their capacity may
be greatly reduced by age and previous
cycling. Very small systems (i.e. 20 Wp
and below) should consider utilising nicad
batteries (see Chapter 4).

Battery voltage is determined by the sys-
tem voltage. Most systems use 12 volt
batteries, but six volt (or smaller) batteries
are available. Larger systems use 12 volt
batteries arranged in series.

Battery capacity for any system depends
upon:

1) the total daily system energy require-
ment (obviously, the larger the sys-
tem, the more battery  capacity re-
quired). This number was calculated
in Box H of Worksheet 1, and should
be entered in Box A of Worksheet 3.
Convert this figure to amp hours (see
page 48) and enter the new figure in
Box B.

2) the number of storage days required.
This is the maximum expected con-
secutive days of cloudy weather when
the battery will supply most system
power. In sunny areas, this number
may be as low as two or three days
only. In places with long cloudy sea-
sons, this number may be much larger
(i.e. 7 days or more). Write your esti-
mate in Box C of the worksheet.

3) themaximumdaily depthofdischarge.
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Planning a
Small System

Figure 9.5
Example battery sizing
calculation

Shallow cycle automotive batteries, for
example, should not be cycled below
75% state of charge, so only 25% of
their capacity is available for system
energy requirements (see Chapter 4).
Write this number in Box D as a deci-
mal (i.e. 25% is 0.25 as a decimal).

The required system battery capacity can
now be calculated by relating the three
variables in the following equation:

s T‘:‘al [éaily Number of Storage
ysiem Energy X Days Required
Requirement (Days)

(Ah) L
Maximum Daily Required System
< Depth of ={ Battery Capacity
Discharge (Ah)
Example Calculation:

Calculate the battery capacity of a system
that has four lamps and a television, or a
daily energy requirementof 274 watthours
(see Figure 9.9, page 67).

In Box A, write the total daily system en-
ergy requirement in watt hours. Convert
274 watthoursinto amp hours by dividing
by the system voltage, 12 volts:

274 watt hours + 12 volts = 22.8 amp hours

# Total Daily System Energy
Requirement in watt
hours.

From Worksheet 1 Box H.
Divide this figure by the
system voltage and enter the
quotient in Box B below.

Total daily system
energy requirement
in amp hours.

Number of storage
days required

Required system
battery capacity.
This is the minimum
battery size required
in amp hours.

Maximum allow-
able daily depth of
discharge of battery

The total daily system energy requirement
(in amp hours) is entered in Box B of the
worksheet as 22.8 amp hours.

Next, calculate the number of days of stor-
age. In Box C, write the number of con-
secutive days of complete cloud cover that
would ordinarily be expected at the site.
For this example, the site experiences a
cloudy seasonduring which therearelikely
to be about 3 days of completely cloudy
weather in a row, so the number 4 is en-
tered in the Box C of the worksheet.

Finally, the maximum depth of discharge
of the battery must be entered in Box D.
The battery type is an ABM solar battery
which can accept a 40% discharge regu-
larly (see page 28 & 30). Enter the value 0.4
(indecimal, 40% is expressed as 0.4) in Box
D of the worksheet.

Now complete the calculation and write
the result in Box E:

22.8 Ah x 4 days + 0.4 = 228 Ah

It is always better to oversize the battery
slightly. However, in this case, two 12 volt
100 amp hour ‘solar’ batteries are chosen.
They provide 200 amp hours of storage,
which is reasonably close to the required
value.

Choosing the Charge Controller

Before choosing a charge controller, the
planner must: 1) decide if a charge control-
ler is necessary; 2) decide what controller
size is needed; and 3) decide what control-
ler features are required. Worksheet 3
provides space to answer these questions.

Isacontrol needed? Thisis the firstquestion
to ask. Of course, any system should have
a junction box where the main switches,
blocking diode and fuses are located, but
the extra cost of a charge control unit may
notbejustified. Thoseinstalling small sys-
tems may be reluctant to pay for a control
that costs more than the battery itself. But
this means that the users must actively
manage energy consumption so that the
battery and appliances are not damaged.
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Remember, in small systems,
you can use 2.5 mm? cable for
most runs. It is good practice fo
use 4.0 mm? cable between the
module and battery.

Keep your system simple. The
more complex you make it, the
more likely it is to fail.

Controller sizing. Systems with modules
larger than 40 Wp should invest in some
type of charge control. Controllers are
sized according to the current load of the
system; thoseavailablein East Africacome
in sizes between 5 and 20 amps (or larger).
Home lighting systems with arrays below
100 Wp will not ordinarily require a con-
troller larger than 20 amps. Make sure the
control purchased is rated at the system
voltage (i.e. 12 volts, not 24 volts).

Controller features. Depending on the size
of the system, the appliances used, and the
solarinsolationat the site, a controller may
berequired to performdifferent functions.
Chapter 5 discusses the features of charge
controllers, and Table 5.1 (page 36) shows
the features of three locally available con-
trollers. Importantfeatures to consider in-
clude: high voltage cut-out, low voltage
cut-out, solar charge and low voltage
warning lamps, voltage and current me-
ters, and load timers.

Choosing Cables and Fixtures

Chapter 8 explains how to choose cables
and fixtures. Use Worksheet4 (page 110)
to determine the size of the cables and
fuses required in your system. This sec-
tion does not go into detail, as the process
of selecting proper sized cables s carefully
explained (with an example) on pages 53
to 57 in the previous chapter. Remember,
in small systems, you can use 2.5 mm?
cable for most runs.

Draw a floor plan of the house or institu-
tionin the space provided,and mark where
the lamps, appliances, batteries, modules
and appliances will be located. This scale
drawing of the system should indicate
cable lengths, and the number of lamps,
sockets and switches required.

Important tasks in sizing and selecting
cables and fixtures include:

1) Determining the proper length and
sizes of cables between the loads and
battery, and between the battery and
the module. Make sure that there is
not too much voltagedropinany wire.

2) Determining the type and quantity of
sockets, fuses, switches, connector
stripsand mounting material required
(i.e. clips, tacks, etc.). Makea list of the
materialsrequired before going to pur-
chase them.

3) Making sure that the system is safely
earthed.

Some Planning Considerations

* Before starting, draw a scale diagram
of the floor plan where the system s to
beinstalled. It will help to estimate the
amount of cables and wiring material
required, and to decide where tolocate
the battery, modules, control, sockets
and appliances (as discussed in Chap-
ter 11).

¢ A majorbarrier whichprevents people
from obtaining a solar electric system
is the high initial cost. Systems large
enough to supply enough power all of
the time are much more expensive than
those that will supply electric energy
requirements most of the time. For ex-
ample, to obtain the same amount of
energy during the cloudy season as is
produced during sunny months, the
solar array and battery may have to be
sized twice as large. A cheap alterna-
tiveto ‘over-sizing’ systemsisto charge
batteries by other means and to limit
the use of appliances during cloudy
weather.

¢ When planning, remember that the
electric energy demand will probably
grow. For example, in a school, class-
rooms may be added, or in a small
home system, a television might be
added. Adding more appliances will
increase the load and will often re-
quire additional solar modules and/
or batteries.

» Consider and compare the costs of al-
ternatives carefully. Solar electricity is
often the cheapestalternative for those
who require power for a few lamps
and appliances. There are some situ-
ations when grid connection or use of
adiesel generator ischeaper than solar
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Visit another system before
installing your own. This will
enable you to learn from the
experience of other system
users.

electricity. If possible, investigate the
possibilities of other renewable ener-
gies, including biogas, micro-hydro
and wind-generated electricity (see
Appendix 5, page 105).

* Visit another system before installing
your own. There may be other solar
electric systems in your area. If so, it is
advisable to find out what type of
problems the users have experienced
and to learn from their mistakes.

* Keep your system simple. The more
complex youmake it, themore likely it
is to fail.

¢ Shop around for different equipment.
Do not believe any dealer who claims
to have the best equipment unless you
havelooked at what others are selling.
Check the prices of equipment avail-
able, and decide carefully which is the
most practical.

» Estimate theload carefully. Over-esti-
mation of the load will increase the
cost of the system significantly. Un-
derestimating the size of the load may
result in continual battery problems.

Two Planning Case Studies

The two case studies below are modelled

on systems actually installed in Kenya.
The entire planning process of the first
systemis presented; the other oneisbriefly
described with worksheets showing how
they were planned. Any system designer
should review these cases before planning
his or her own system.

Example 1:
A Small Lighting System in Meru, Kenya

A farmer wants to buy the cheapest pos-
sible solar electric system to light his chil-
dren’s study area and his wife’s separate
hut. He also wants to use solar charge to
power his radio. He discusses his needs
with a solar technician and they plan the
system by calculating his energy require-
ments and estimating the available solar
radiation. They then choose the proper
solar module, battery and associated equip-
ment for the system.

Worksheet 1: The Total Daily System
Energy Requirement

First, using the worksheet (see Figure 9.6),
they calculate the daily load energy de-
mand in watthours. Assumingthat20% of
the power will be lost through inefficien-
cies in the batteries and wires, they esti-
mate that the actual energy demand will
be about 50 watt hours, or about 4.2 amp
hours per day.

Column A Column B Column C Column D Column E
Lamp or appliance Voltage Power Daily use Daily Energy Use
(list below) (volts) (watts) (hours) (watt hours)
Fluot (hut) | 12 volts Fwarts | Shours |24 Wh
Globe lome (2rdha) 12 Vorts | 12 \Wakis | X hoar 6 Wh
Eadio € Volrs | 6 Wans | Z hours (12 Wh
Solar cell module Lamps ;
: i Total Daily Load
— © ] Energy Demand
Fuse and
main switch
\ ma Estimated System
Radio and voktage convarter Energy Losses
— Add Box F ond Box 6.
Write the sum in Box H.
Total Daily System [ Box K
. Energy Requirement
F gure 96 , , This is the amount of energy that 5 4_ w L\
Estimating the daily energy requirement of a must be supplied by e | DO +
small system module(s) eachday. . —

Small Solar Electric Systems for Africa 65



Planning a
Small System

Meteorological information is
available for sites throughout
East Africa.

Worksheet 2: Sizing the Module

Estimating the solar resource

Now, the farmer and electrician estimate
theirlocation’s solar resource. The nearest
meteorological station is in Meru town,
about 20 kilometres away, so they visit the
Meru Station and collect the data. This in-
formation is entered in Box A of Work-
sheet 2, as shown in Figure 9.7. Daily
insolation varies betweenalow of 3.6 peak
sun hours in July (July is the design month)
and a high of 5.0 peak hours in February.
The mean annual daily insolation in Meru is

about 4.5 peak hours.
Box A MERV Insofation Data
Month | Langleys |Peak Sun Hours
J 379 4.4
F 432 5-0
M 429 5-0
A 384 4.5
M | 382 4.4
J 365 4.2
J 3/5 37
A 366 4.3
S 437 5-0
(0) 426 4-9
N 361 4-9
D 335 39
Annual | 384 .

Meru insolation data entered in Worksheet 2

The farmer wants to save money, and to
buy the least expensive module possible.
Therefore, he does not use the design
month insolation value in his planning.
Instead he uses the annual mean daily
insolation value, and decides that during
long cloudy periods he will economize use
of his radio, and, if necessary, charge the
battery in town. In Box B, he enters the

Figure 9.8
Example module sizing calculation

Box F

50 Wh

Insolation

Daily system
(peak sun hours)

energy requirement
(watt hours)

mean annual daily insolation value, 4.5 peak
sun hours.

Since he plans to mount the module on a
tracker, he calculates 25% of the value in
Box B, and writes it in Box D (1.1 peak sun
hours). He then adds Box B and Box D as
shown, and writes the number 5.6 peak
sun hours in Box E.

4.5 peak sun hours + 1.1 extra peak sun hours
(from tracking) = 5.6 peak sun hours

This is the estimated daily energy col-
lectable at the site in peak sun hours.

Calculating module size

Now they calculate the required module
size. They enter the total daily system
energy requirement (50 watt hours, from
Worksheet 1, Box H) in Worksheet 2, BoxF.
They divide this figure by the peak sun
hour figure (Box G) to calculate the base
module rating in peak watts. They then
multiply this number by 1.1, the adjust-
ment factor. As shown in Figure 9.8, the
calculated module size is 9.8 Wp.

Peak power rating
of module required (Wp)

= 50 watt hours + 5.6 peak sun
hours x 1.1
= 9.8 peak watts (Wp)

Note that a 10 Wp module would work
well in this system.

Worksheet 3:
Battery and Control Selection

Batteries. Using Worksheet 3, the farmer
calculates the battery capacity required.
He compares automotive lead-acid bat-
tery with nicad batteries, and notes that,
because of their different recommended

]|
\'()
%
£

Module size
(peak watts, Wp)

Adjustment factor
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daily discharge (25% forlead acid, 90% for ~ Although nicads require less capacity, the
nicad), different capacities would be re-  farmer decides to buy an 84 amp hour
quired for nicad and lead-acid batteries. automotive battery because he can not

afford nicad batteries. He fills in the data

He enters the total daily system energy  about the battery in the space provided.
requirement of 50 watt hours in Box A

(from Worksheet 1). He converts this fig- ~ Control:

uretoamp hours, dividing itby thesystem  Following the guide-linesin the worksheet,
voltage, 12 volts, and enters the result in  the farmer notes that his system is small
Box B,4.2 Ah. The number of storagedays  enough to avoid the extra cost of a control.
(Box C) is entered as 5 days because they ~ Instead, he installsa blocking diode, a fuse
estimate the longest period of completely ~ toprotecttheload and a master switch. He

cloudy weather to be 4 days. is aware that he will have to manage the

. . i ) system carefully to make sure that the
Nicad batteries can be The maximum allowable daily depth of  pattery was not ruined. His electrician
completely discharged discharge figure (Box D) isdifferentforthe  advises him, however, that f the systemis

two types of batteries that the farmer is  expanded he will need to add a charge
considering. This means he will have to  controller.

make two calculations, one for nicad and
one forlead-acid batteries. Nicad batteries =~ Worksheet 4: Sizing Cables and Fuses
can be almost completely discharged ona  Choosing Fuses and Wiring:

daily basis, so the figure 0f0.9(i.e.90%,see  Worksheet4 (see page 110) states that some
page 26) is entered in Box D. Automotive  gma] systems can use 2.5 mm? cable with-
lead-acid batteries can only be discharged 5yt the need to go through worksheet cal-

on a daily basis.

by 25%, s0 0.25 is entered in Box D. culations. These cases include systems
The calculation for nicad batteries is: where no wire carries more than 4 amps,
where the module’s rating is less than 40

4.2 amp hours x 5 days + 0.9 = 23.3 amp Wp, and where no wire is longer than 16
hours of storage capacity metres. These conditions hold true for this

system. Therefore, the farmer knows
immediately that he can use 2.5 mm? cable
for his whole system.

(This would require about 18 nicad cells of
1.3 Ah each)

For lead acid batteries, calculation is as

Because the largest current draw from the
follows:

battery at any time would be about 2.5

4.2 amp hours x 5 days + 0.25 = 84 amp hours amps, the electrician advises the farmer

of storage capacity that he should use a 3 amp fuse, and con-
sult him if he increases the load.

Example 2:
W o p

Fi [ :
voresoent a% W Planning a Larger System
/ The system shown on the left is
developed in the following four
worksheets. It contains four fluo-
rescent lamps and a colour televi-

sion, and the owner plans to add
moreappliancesafterinstallingit,

Solar cell modijies

so he prefers to size it a bit large.
80W Colour TV To see how it was planned, follow
the stages described on pages 68

to 71.
Figure 9.9 First, heneedsto calculate thedaily
Casestudy2 schematic diagram system energy requirement as

shown in example Worksheet 1.
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Planning a
Small System | vy ORKSHEET 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 Column E
Lamp or appliance Voltage Power Daily use Daily Energy Use
(list below) (volts) (watts) (hours) (watt hours)
Fluovesceat Lam? \ 2 13 W 2 hrs 26 Wh
Fluexescent Lamp 2 \ROW 1S hrg 20 Ww
Fluorescenk lanmp 12 W 2 e & Wh
Fluotescenk lam? V2 2W 2 ars & Wh
Colowe N (\&") \2 SO W 2 hrs 16O Wu

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. 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.System
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 |5 4. Choose System Voltage
losses to be: Box F
* Running from a 12 volt battery? 12 volts
¢ If the battery is secondhand, X .
estimate energy losses 259 or more » Running from nicad cells? Add up
10 be at least: of Box F voltage at 1.3 v'olts per cell. Run at variable
voltage of appliance or module.
*  Ifthe system uses a power » Long cable runs? Large system?
conditioning unit (see page 44-45), 30% of Chegk voltage drops. gesy ¢ 24 or more volts
estimate system losses to be: Box F Box |
. . . System
Write your estimate of energy losses in Box G above. Voltage \ 2 AV

Example Worksheet 1 (see page 107)

1 Note that the lamps and television have ali the System and batteries are new (15% of 238
been written in the space in Column A, with Wh is 36 Wh).

their respective voitages and power in the
following columns. Note alsothatthedailyuse 3 The Total Daily System Energy Requirementis

will differ with each site. The figuresin Column totalled in Box H (274 Wh).
E are added upto get the total daily load energy )
demand in Box F (238 Wh). 4  System voltage is chosen as 12 volts because
all of the appliances operate at 12 volts (see
2  Energylosses are estimated at 15% because Column B).
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Planning a
Small System

Example Worksheet 2
(see page 108)

1

Note that there is monthly
mean daily insolation data
from the Meru Meteorological
Station. The table has been
filledwith thisinformation. The
figures, provided by the sta-
tioninlangleys, are muttiplied
by 0.0116 to convert them to
peak sun hours, and entered
in the second column.

The peak sunhour figure from
the design month, July, is
entered in Box B (3.7 peak
sun hours). The person pur-
chasing the system wantsitto
work even in the cloudiest
month. Note thatin the sunny
months there will be extra
energy for longer use of the
television or extra lamps.

Note in Box D that the module
will be mounted on a tracker
asdescribedonpage 15. This
means the systemwill gainan
extra 256% energy from the
module selected (0.9 peak sun
hours).

WORKSHEET 2: SIZING AND CHOOSING THE MODULE

SOLAR INSOLATION ASSESSMENT (See page 59)

1. Do you have. £
meteorological
information?

site, solar insolation must be
Follow

estimated roughly.
instructions on page 60.

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 | Langleysi Sunshine hours|
1 1279 4-
F 1432 <.
M 429 < .
A [Zx4 4
M | 2e2 4-.
IR T 4--
RIS 2
A 1Re6& 4
S 143 < .
[¢) ;-
N 4--
D =
i~

Ifthereis nometstation forthe |

Box €
Estimated Annual Estimated Design
Mean Daily Month Mean Daily
Insolation Insolation
Bax C1 Box Q2

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

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

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

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

To determine the required module size

divide the daily system energy When you choose your Model M-~
requirement by the peak sun hours of module, write its detailsin | peak Wans 42

the site's design month. the table to the right. Reted Voliage I A

solar module

Details of

h

Company

Rated Current

Box 6
. |46 X

Daily system Insolation Adjustment factor Module 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 much energy is available calculation to account for module required to power
per day to power the from the sun per day actual field performance of your system. You have
system (sce Worksheet during the design month the module. Use 1.1 for most finished the module sizing
1, Box H). (see Box E above). installations. calculation.

4  BoxBand D are added together (4.6 peak sun of 1.1is enteredin Box H. The result of the cal-

hours).

The total daily system energy requirement is
brought to Box F from Worksheet 1 Box H (274
Wh). The peak sun hour figure from Box E is
brought down to Box G. An adjustment factor

culationis enteredin Box i. Amodule size of 66
Wp is required.

6 Details of the modules eventually chosen are

enteredin the Table. In this case, two Arco M-
65 modules (43 Wp each) are chosen.
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Planning a
Small System

Example Worksheet 3
{see page 109)

1

The total daily system energy
requirement is entered from
Worksheet 1 (274 Wh). This
is divided by the system volt-
age (12V) and the quotient is
enteredin Box Basamphours
(22.8 Ah).

The number of storage days
requiredis enteredin Box C (4
days). In Meru, the system
designers expect 3 or more
days of completely cloudy
weather. In sunnier sites, the
number would be less.

The maximum allowable daily
depth of discharge for the
battery is entered in Box D as
0.4. Thisis the recommended
figure from the battery manu-
facturer. Now the calculation
iscarriedout, andthe required
system battery capacityis 228
amp hours.

When the battery is pur-
chased, information about itis
enteredin the table. Note that
the estimated life of the bat-
tery has been entered as 2-4
years, so that the system
owner knows how long to
expect the battery to last.

WORKSHEET 3: BATTERY AND CONTROL SELECTION

Number of storage
days required

Total daily system
energy requirement
in amp hours.

Battery Information -
Before buying your batteries, collect
Totsl Daily System E this information along with the price
ol 211y dSysiem Energy - .
Requirement in watt of each type available.
hours.
From Worksheet 1 Box H. Company & A =3 M
Divide this figure by the Model Solav
system voltage and enter the
quotient in Box B below. .
Capacity (Ah) l (> O N
Volts \ 2 \
Number
Box E required 2
2 2 g N« Number in
Series —_——
Number in
Parallet 2
Maximum allow- Required system
able daily depth of  battery capacity. ; -
discharge of battery  This is the minimum Effimn::d 3 -5 YVS )
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
thesystem, a 5 amp control can be used. Mostsystems, however,
should use a 20 amp controller. Check the rated size of the
controller before buying it.

1. Is a control needed ?

High voltage cut out Yes[x] No []
Is the battery worth protecting? Yes X] No [] Low voltage cut out Yes[x] No []
Does the system use nicad batteries? Yes (] No [x] | Low voltage waming Yes[x] No []
Is the system above 20 Wp Yes [x] No [] | Reverse current protection Yes No (]
Will the system be well managed? Yes [x] No [T} | Solarcharge indicator Yes[x] No []
Ammeterfvoltmeter Yes[[] No [X]
Timer Yes[ ] No

3. Features desired in controller

small-and ‘uses:n
is needed.

Charge Controller Information

Company and Model SPCC_ - 2.0
20 fes
Features ‘n‘-g\« \oltage (it -Dut, |

lous el e Cut-Dut

Size in amps

Low voltage cut-outat  \ \ . ¢ volts

The questions in section 1 are answered, and
it is decided that a control is needed.

In section 2 and 3, the size of the control (20
amps) and the features required are selected.
A high voltage cut-out is required because, in
this system, the modules have a high possibil-
ity of over-charging the batteries.

7 Whenthe controller is selected, its features are
filledinthe Charge Controller Information table.
Note that the low voltage cut-out is adjusted by
the factory from 10.0V to 11.0V (the supplied
SPCC-20 controller's low voltage cut-out s set
at 10.0V, which will damage the batteries).
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Example Worksheet 4
(see page 110)

1 A map is drawn of the site,
and the lengths of all the wire
runs are estimated. The loca-
tion of each lamp and appli-
ance is marked. The wire
runsarethenlistedinthe Volt-
age Drop Table (Column A)
with the size wire expected (in
mm?).

2 The system is not small
enough to assume that all
wiring can be made with 2.5
mm?cable. Note that the mod-
ule size isabove 40Wp, some
runs are over 16 metres, and
some wires carry a current
over 4 amps.

3 Sixcablerunsarelistedinthe
table and each cable distance
is written in Column B. Next
the maximum expected cur-
rent of each cable is deter-
mined by dividing its load in
walts by the system voltage
(12V). This is entered in Col-
umnC. The Kvalue, obtained
from Table 10.4, of each wire
is written in Column D. (Note
that the wire between the
module and the battery is 4.0
mm?andthe restare 2.5 mm2).

4 The total resistance of each
cabie is calculated by multi-
plying the lengthof eachcable
(Column B) by the K value
(ColumnD). Thisisenteredin
Column E.

5 Thevoltage dropiscalculated
for each wire run by multiply-
ing the total resistance (Col-
umn E) by the maximum cur-

WORKSHEET 4: WIRING, VOLTAGE DROP AND FUSES

1. Determine the lengths of all cable runs

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

8w

(A7OHEY

!

2. Work out voltage drops on major cable runs

SITTING Room

Follow the instructions on i:z;ga 54-56 1o fill BEDROOM 2
out the voltage drop table below:
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)
Module tv Contvol | B°M |72 A 140-0-0100.08 0| 0.SFV | 2.57N0
Rotery toRedroomt TM |02 A |10.0164 [0112.9]0-08V | {2 No
Batiesy toSithaovoos DM | 2. A |0.0l6 |0-0¢20 037V |3 F o
f S 4
Bakery Yo Bedvoom TM (L.t |00l (0120012
; 2 O Q]

3. Sizing Fuses (see page 50 & 51)

® List circuits to be protected. Write in Column A.

o Determine the maximum power draw in watts of each circuit
1o be protected. Write in Column B.

4. Llist oll electrical connection equipment require

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

. X Item and Type Size Amount
e Change the figure in Column B to amps by dividing by the 5
system voltage. Write in Column C. Cable 4 MM IoOM
@ Increase the figure in C by 20%. This is the fuse required. Cable 2-5 MW So M
Column A Column B Column C Column D Cable
Circuits Max rated power  Max rated Fuse size :
(tist each) (watts)  current(amps)  (amps) Conduit &M
puy | Switches Standord] 4
| o ol e V22 \W [ \B- 2 2 A } Sockets (Cunsed)|Sterndo )
n gDW e-1 gP\ Fuses \ZAM?S \
Connector strips )
Junction boxes

rent (Column C). Enter this figure in ColumnF.
To calculate the percentage voitage drop in
each wire, divide the volitage drop by the sys-
tem voltage (12V). Ifthe voltage dropis greater
than 5%, try the calculation again with a larger
wire size. Note that the voltage drop between
the module and the battery would be almost8%
if a 2.5 mm? cable was used in that run. To
reduce energy loss, a 4.0 mm? wire was used.

6 Fusesizesareestimatedinsection 3. Note that
there is one fuse for all the loads, sized at 12

amps. The television has a
fuse in its socket.

seperate 8 amp

7  Finally, allelectrical equipmentrequiredisiisted
in the table in section 4. This will help when
buying the required equipment. Note that two

different wire sizes are listed.

. ]
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