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AJ’s Technical Tips: Designing a Sma
Solar PV System Part |l
Choosing a Solar Panel for the Syste

many of them with success. The problem is whereby the positive c
negative terminal breaks inside the glass and | have to use clips to ho
the metallic wire after breaking the end of the glass carefully with
pliers. The biggest problem is when the glass breaks and cuts the wi
making no continuity. | have tried to tighten with copper wire round the
glass but the outcome is not good. Is there away you can make a gum ¢
araldite or stik-tight which is a good conductor that can still pass the
current and can also join the glass tight?”

In my experience, there are not any good solutions to this problem
main issue is that once the ends of the glass have been broken
amorphous solar panel, there is the problem of water leaking ints
panel. This water will damage the panel quickly - it might work fora s
while but when the rains come the panel will get spoiled. Itis very diffi
to seal the glass so that the water does not get in once the origin:
Has been broken. So, unfortunately | do not have any good advic
Phillip - once the terminals break inside an amorphous solar panel tr
not much to do, unless it is possible to return the panel under the
A big thank you to all of you who wrote me letters. Phillip Kimathi  ranty (sometimes this might be possible).

Marete of Meru writes asking for advice about repairing solar panels. Simon Nyukuri of Kitale also asked a question about selecting wire
He says, “l have installed a number of solar systems and repaired

Poly-crystalline (left) & mono-crystalline (right) type of solar panel
See page 5 for a picture of an amorphous solar panel

e sffar mosl preclicesl qod reliabda

poweir sedulior lor rome, officz ard
||:|h' innushial applvatons

Enjey the sorvanence o

modem o winred Cnfagred’

Solar dectncal systems
Srlar water naaling SesisTS
Sl hacd-Ip sysiems

=

Saroiry EngRening, giving o e e Foner ﬁﬁ"hj"'s’ .
T the Sl o Aoy pasdinn 15 i Wi

1 .’.:U‘Ll WIS - S400 Wars

MERCURY ENGINEERING SERVICES

SolarNet Vol.4 No.1 Jan./May 2002 24



~am= AJ sTecHNicAL CORNER

Table 1: Solar Energy on a Flat Surface for Some Towns

for small solar PV systems. | will write about this in the next |ssue|2
Solarnetin an article that will include details about selecting a battery
and wires for a small solar PV system.

enya and Uganda

Those of you who read the last edition of “Technical Tips” will remembe
that we completed the first step for designing a small solar PV syster
which is the step of calculating the size of the electrical loads for tt
system. This time we will use the load calculations from last time to calc
late the right size for a solar panel for this same system.

The solar PV system that we talked about last time (s&slarnetvolume

3, number 3) had one 7 watt fluorescent lamp that was used for 3 hours
per day, a black and white television (13 watts) that was used for two
hours per day, and a 2 watt radio that was used for five hours perday. The | “&&fa kR A4 1.

crul kI

total daily energy use for the system was 57 watt-hours. This number - | s, =r, 5 1.4
the total daily energy use - is the main number that we will use to calcu- <ilala. KR G 54
late the size of the solar panel and, in the next issueSdlarnet the size o1 inal. Kh

of the battery. Remember that the amount of energy that can be used by
the customer is limited by the amount of electricity that is produced by
the solar panel. This means that for this system we need to pick a panel
that is big enough to provide these 57 watt-hours per day.

paasa, Kb il 7.

veaki K i
ST R L o
Lo a4, KR
Once we know the daily energy use, the next number that we need is =k, ki Gz 33
the amount of sun that will hit the solar panel once it is installed. This| uli, L 65 A
number depends on three main things: Karpake JG LA i1

1. The place where the solar panel is installed - some places
sunnier than others (for example, Kisumu gets more sun on averg
than Nairobi does)

2. The month of the year - sunny months have more sun than clou

months

3. Thetilt and direction of the solar panel - the amount of sun on tf ":'\‘.U SANGYU G

In Table 1 1 list the amount of sun that is available on a flat mounte

panel depe-nds on which way it is facir?g and- how tilted it is. ;ﬂﬁ\ ENTEH PR I s ES

(horizontal) solar panel for 10 towns in Kenya and 5 towns in Uganda. H
each town 1 list the amount of sun in a very sunny month, the amount

an average (medium) month, and the amount in a cloudy month. In Importers and distrbutors of:
book “Solar Electric Systems for Africa” Mark Hankins has moreg

information about the amount of sun available in Africa, including sola -1 Solar PV modules from S walis lo 100 walls
data for more Kenyan and Ugandan towns as well as for some towns < Irwverters from 150 Lo KW
Tanzania and several southern African countries. - Baltery charge ponrol ecs
When you design a solar PV system you should try to find inform: :: E:!'r_.l:_'l'l;l
tion about how much sun is available at the place you are going to iy :'I Bk e R B T
the installation. You can estimate this from solar energy data for Sl i e T R PR G Sl

. - 2 NNONA SUIpme 1
town that is nearby and that has weather patterns that are simila VPO KRHIE Mot S B AN TIsR
the place where you will do the installation. Sometimes it is hard I3 Lighl _:: sicedlucts
find information for a town that is very close, but it is also possibl
to use solar information for a town that is a little bit far away. Fo e o pE i
example, for towns to the south and east of Mt. Kenya such iAairtienance ree:!
Murang’a, Embu, and Meru | use solar data from Nairobi. This i i
not exact, but it can be close enough in many cases. Let us say E:ﬁ.NIG‘-’LH'_: F”_TFHE'H'F'FF" Tr!' e )
for the solar system we are designing in this example that the inst -“* " I"ti‘f.'l I::*.. Rt ':"r:' i TR
lation is for a home near Embu. | will use solar data for the neare o '}.J;I;.\,',, ",‘ ,1:' =
town listed in Table 1 that has similar weather - this is Nairobi. Tal, STEE040. 37R2041. 37RI042

Fax 3550000

The next thing to decide is if we want to design the solar system khhils: ;_._?-;'-_. PGS, AT3-B44618, 0723307408
that it can provide the total daily energy (57 watt-hours per day ErIIT ARG TLIL £ KENY AVER LM

our example) during an average (medium) solar month or if we waiit
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to be able to provide this much energy even in a very cloudy month. Ifi§valmost flat - with just enough tilt for rainwater to run off of the par
want to provide this energy even in very cloudy months, it will be nec¥¥ben the panel is mounted this way (almost flat), the direction is n:
sary to buy a larger solar panel than would be the case in an aveifﬁegrtant (but if the tilt is greater than 15 or 20 degrees then for loca
(medium) month. Because people in rural areas of Kenya can usually 3&kare south of the equator solar panels should usually be moun
their battery to a local charging station from time to time during vefat they face north and for locations north of the equator it is us
cloudy times, | often design the system so that it provides enoughR&st for the panels to face south).

ergy in an average month. However, it is always important to be sure that .
the customer understands what he or she is buying. Because of this,\/l\lgr‘?‘rI solar panels are m(_)un_ted S0 that they are almost flat then it
always sure to explain that designing the solar system for an ave g4 the ;olar data that is given in Table 1. lf the panel IS mountec
month will mean that they can buy a solar panel that is a bit smaller,eb Eeepertllt then the amount of sun on the panel will be different thz

that during cloudy periods they will either have to use a little less enel) l_Jers In _Tgb_le 1-and in most cases in Kenya on average 't.W'" b
or take the battery in for a charge more frequently. sis why_|t is important to mount the panel with a very small tilt onl_y
a future article I will give more information about the effect of the dir
In this example | will select a solar panel based on solar data forigf that the panel faces and the tilt of the panel on the amount of su
average month. Since we are using solar data from Nairobi, this numbit§sa solar panel.
5.3 hours of bright sun per day on a flat surface (see Table 1 - also, s%e - .
Mark Hankins’ book for an explanation of how this number is calculateé = of course, it is also a_lways Important to mal_<e sure that nof
However, as a practice exercise, you might also want to calculate R k_s the sun from _reachmg the solar panel during the day. If t
panel size that would be necessary to meet the daily energy demand ggngs. or other things block the sun, t_hen the amount of e_Iectr
in a cloudy month so that you can see the difference. Send me )R)rg uged by the panel can be very lO.W. - IN Some cases blocking e
results from this calculation (that is, tell me what size of solar panell't € bit of the panel can cut the electricity produced in half

req_uwed to meet the load of 57 watt-_hours per dayin a clo_udy monthlj8r our example of an installation near Embu - which is just south o
an installation near Embu) - and | will check your calculations and g@’&ua’[or -1 would recommend that the panel be mounted with a 5-d

feedback in the next issue 8blarnet tilt only (almost flat). This means that we can use solar data from Ta

You will remember that in addition to the location and the time of year, Igéthel city of I\:a:j'ro_b' for the number ofgiours of b”ghtTf]‘,‘” thatl;’\"",
amount of sun that hits the solar panel also depends on the tilt Bolar panel during an average (medium) month. This number

direction of the solar panel. For most locations in Kenya (and other pla%gé hours per day.

close to the equator) it is usually best to mount the solar panel so thagit that we have an estimate for how much sun will hit the solar pi
we can calculate how big the panel should be if it is going to proc
enough electricity to meet the daily energy use that we estimated fc
system in the last issue 8blarnet(that is, 57 watt-hours per day).

The calculation is done in 3 steps:

1. Daily energy use for the load (watt-hours per day) system vol
(volts) = daily load amp-hour requirement for the system (amp-h:
per day)

L . »  Forour system this is 57 watt-hours per day 12 volts = 4.75 ¢
: riA hours per day.

H ' i Hl'lhﬂ-lllli.'ll:l'l
i ;_1 M FM IEI':I;‘-E':;‘; c 2. Daily load amp-hour requirement 0.8 (this is the battery §torage
'*""-f‘..‘:'.}”ﬂ"-:.".'?ﬁiﬁ'" ﬁﬂ:‘:‘ﬂ”ﬁm ciency) hours of bright sun on the solar panel = required cul

gealvolir output from the solar panel in bright sun conditions (amps).

.- el T »  For our system this is 4.75 amp-hours per day 0.8 5.3 sun f
. KYOCER o & =1.12 amps.

';m';::;gﬂl Tom o A This means that we want a solar panel that gives about 1.12 am

110 & 1EE . . more) under bright sun conditions.

‘r;;.r,'.;,-;{- fntenfaee : . 3. This leads to the third step in the process - selecting a high q

but affordable solar panel that will produce the amount of cur
- SRR Rt ‘ " that we calculated in step 2, above.
w2 SHURM0’

¥ :il:i'H:nIrI;'n'mI'l'l-l'll

2 o T IR L There are two stages to selecting a solar panel - one is choosing
TELESALES .'-.ili'l'].-"'nil_ ey type of panel you want to use - that is, the brand of panel you want t
Brups Mougn, Kaunda Skt RO. Bos ‘Ef*fﬁ;'?;‘ﬁ';:;ﬂmqm’ﬂﬂ' and whether you want an amorphous type of panel or a crystallit
Fﬂaﬂﬂn;::':f':"'_l-_-::qlf];ﬁr‘;: EE:‘?'|=|:¢.p“r.-|r;|ljﬁ1hnn!.ln.num poly-crystalline solar panel? The second stage is finding a pane
gives the right current output for your system (in our example this is

amps). The first stage is really a question
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of reputation and quality.

You want to buy a solar panel that is of high quality and that performsalut its performance. This would seem like a bargain, tecprice

to the level ad_vertised by the manufacturer. The sepond stage is penrated watt was only 467 KSh per watt (You can calculate t
nected to the first, as the lowest cost solar panel that is of a good quglise per rated watt by dividing the price of the panel by its rate
and that gives the right current output should work well for the systgfBwer output. For this example this is 7,000 KSh 15 Watts = 4
KSh/watt.) This appears to be considerably less expensive tha

From my experience, all of the three main types of solar panels - anél%rme of the leading brands, such as Solarex, which sell for at

phous, crystalline, and poly-crystalline - can perform well. The key is . ,
pick a good quality brand, as some manufacturers are better than o 8e?sKSh per rated watt. See Table 2 for the price per rated w:

in terms of quality. | will talk more about solar panels and quality a lithdMe commonly sold brands of small sol_ar panels in Kenya._ H
later in this article. ever, when | tested the 15-watt panel using a careful scientific

its real output was only 10.6 watts - much less than the adver
In terms of selecting a solar panel that gives the right current output, p@gormance. This means that the true price per watt is about
place to find out how much current the panel will give under bright sukiSh/watt (I get this from 7000 KSh 10.6 watts = 660 KSh/wat
to get the information from the manufacturer’s data. This informationTikus, what seemed like a bargain was even more expensive f
usually printed on the back of the solar panel, and you should alsaviagt than leading high guality brands like Solarex. | have also t
able to get information sheets for the panel from the place where youdusive of the other lower cost crystalline solar panel brands wit
the panel. If the business selling you the panel cannot give you g&@flilar results.
information about it - including a written sheet with information from the
manufacturer plus a written guarantee of performance - then you pi®b; if the deal you are getting in terms of the price per rated
ably should not buy the panel. See Table 2 for manufacturer’s informatieems too good to be true, it might not be such a good des
about some small solar panels that are commonly sold in Kenya (I th@kﬁlljrse’ some of thamorphous panels do cost a lot less than
Mr. Henry Watitwa and Mr. Maina Mumbi for helplng me to collect thiérysta”ine and p0|y_crysta||ine type pane]sl and some of these
information). pecially the Free Energy Europe and the Millennia solar panels -

good deal. | recommend them highly.

OK, now that we have discussed the issue of quality and pe
mance of some solar panels, it is time to pick a panel for our sy:
Here | want to get a good quality panel that will give enough cur

wheslalire
wheElallre

reglalls

o

but which does not cost too much. We are looking for somet
that has a rated current output of 1.12 amps (or more) at maxi
power under bright sun conditions. According to the manufactu
data, several panels from Table 2 would work, including 20
solar panels made by Millennia, Solarex, Helios, and Sangyug a:
as the 21 watt solar panel made by Unisolar (the 15 watt Helio:
the 18 watt Sangyug panels are too small - their advertised ct

II: | T || P | v | output is less than the 1.12 amps that are required to meet the |
| : —— Of these, my first recommendation would be the Millennia 20 v
Data Source: Manufacturer’s data and Distributor suggestedgsr panel - this is a high quality panel that will give more t

tail prices enough current for our application - and it costs less than the ¢

Unfortunately, while most manufacturers give more or less c-100 KSh). My second recommendation would be the Solarex <

rect data about the performance of their panels, some of the SoffafOSts @ bit more than some of the others (12,000 KSh), |

panels sold in Kenya do not perform as well as they should. FF&ifPmmend it anyway because of its good quality.

my experience, manufacturers of the following brands of smgll\yever, there is also another option that can be used that is
solar panels give information that is more or less correct: BP Sqlals expensive than the 20 watt Millennia module. This would k
Millennia (BP), Solarex (BP), Free Energy Europe (FEE), Unisolgse two of the Free Energy Europe (FEE) 12 watt panels. T
Siemens, Kyocera, and Astropower. | consider these to be Rjgbuld be wired in parallel (that is, the positive from both of tf
quality solar panels. There are some others, such as Euroselafiels should be connected to the positive side of the battery
(made by Agip), NAPS (crystalline), and Shell Solar that | hawe negative from both panels should be connected to the ne
not tested - but as far as | know these are good quality solar géte of the battery) - when this is done the total current will be
els. However, some other brands sold in Kenya, including soméroés the current from one panel so we will get 1.50 amps of ou
the very common types, may not perform as advertised. This is more than enough, and the price of 2 of these panels is
8,400 KSh - which is less than the Millennia. | see this, abake
Some of the discount crystalline solar panels are not really a lp@tion because the customer will get the best price, and they
gain as some do not perform as well as advertised. For exampiés@get extra energy because ¢heent output will be even highe
little while back | bought a 15 watt crystalline solar panel in Nairabian is required to give enough energy for the loads.
for KSh 7000 because | was curious
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This means that the customer will be able tenergy required by the loads from the last articlgired in parallel - and if the customer decid
use the lights, television, and radio in their sysf Solarnetalong with infor that it is better to use only one panel then |
tem a bit more than if we had used one of the 20 second recommendation is to go with a 20 w
watt panels (for example, the 20 watt Millennignation about the amount of sun that is avail- Millennia solar panel.

or the 20 watt Solarex) - and at a lower cost. able at the place where the solar PV system is
to be installed to pick a solar panel for the In the next issue, | will select a battery for tf

Finally, there are some new solar panels thaystem that will be the right size to give enoughame solar PV system and | will also talk ab
are going to be available in Kenya soon - irenergy. My first recommendation for this choosing wires for the system. Until the
cluding a 20-watt Free Energy Europe solaystem is to use two 12 watt Free Energy kwaherini

panel. | have not yet tested this panel, but if Europe panels

performs well and has a low cost this new solar

panel may be an even better option than by
ing two of the 12-watt Free Energy Europe pafi=ontinued from page 2
els. However, we will have to wait until it come Dear Lloyd,

out to know for sure.

g

| have given your greetings to Henry, and h&lso, if you do mix panels, it is better to cqn
To conclude, in this article we have used thgSends you a big “hello” in return. In general, it ibine crystalline types (mono or poly-crysfz

information about the daily best not to mix panels of different sizes and typd#ne) with other crystalline panels and anjc

but it can be done. If you do mix them, you wilphous with amorphous - but combining cfy
loose a little bit of performence from the panelgalline with amorphous will give bad results vi
For example, a 20-watt and a 12-watt panel coradarge performance loss
bined do not add up to a 32-watt panel. Instead,

they might perform together like a 28-watt panefincerely yours, Arne Jacobson (AJ's Tech

cal Tips)

Energy Efficient Lighting

Lighting is one of the most important and
essential loads whether you are working
with utility grid connected or off-grid (solar
PV) applications. If we want to save energy,
it is therefore important to begin with light-

ing.

There are four main kinds of lights that can
be used in homes, offices and business pre-
mises. These are incandescent lamps, halo-
gen lamps, compact fluorescent and stan-
dard fluorescent lamps.

Incandescent lampge the most commonly
used type of lighting. This is, generally, due
to the low cost of the bulbs they use. How-
ever, incandescent bulbs are not very effi-
cient - over 90% of the electricity they use
is wasted as heat and only a small part is
made into light. In addition to their low effi-
ciency, the bulbs do not last very long -
typically each bulb can be used for about
1000 hours of operation.

Halogen lampsare similar to incandes-
cent lamps except that they are a little bit
more efficient and the bulbs last about
three times longer (that is about 3000
hours). They also have a “whiter” light -
which is a light that is closer to the colour
of sunlight - than incandescent bulbs.
Their low efficiency means that they are
not a good choice if high efficiency is
needed, but their long life makes them

good for certain uses.

SolarNet Vol.4 No.1 Jan./May 2002

Fluorescent lampsome in two forms - com-

pact fluorescent, which can be fitted in a
normal lamp socket and the standard fluo- 4
rescent tubes that are double ended. Both ~ §
types are more efficient than incandescent I
and halogen lamps - generally they are 3 to

4 times more efficient, although the exact
amount depends on which type of ‘ballast’

the lamp has (the ballast is the electrical cir-

cuit that is built into the fluorescent lamps). ]
Both types of fluorescent lamps last longer Examples of fluorescent tube lights, a
than incandescent and halogen lamps - coméompact fluorescent light & an incandes-
pact fluorescent have a rated life of 10,000¢€nt bulb

hours, while standard fluorescents have a

life of 8,000 hours. However, fluorescent SUch asolour and flicker can be importan
lamps are highly affected by low voltages, and different people have different opiniol
which brings about the blackening at the ON these issues. These additional iss
end of the tube in direct current systemsshould also be taken into account wh
and delayed starting in alternating current choosing lights. In general, because of th
systems. Finally, fluorescence comes in alow efficiency and short life, incandesce
range of ‘colours’, from “cool white” to lamps should only be used when (1) no ot
“warm white” to blue, green and red. On a alternative is available or (2) for lamps th
colour rendering index (CRI) of 1 to 100, with are not used very much or are only used
100 being the best (that is, the closest toshort periods of time. Also, both incande
true sunlight colour), the “cool white” is c¢ent and halogen lamps may be conside

rated at 69. For Commonly used p|aCeS, aWhen itis important for the ||ght to come C
CRI of 80+ is recommended. immediately or when full range dimming is r

quired - and halogens are often preferrec
To conclude, if high efficiency is important, these cases (when available) due to tt
one of the two types of fluorescent lamps longer bulb life. For most other applicatior
should be your first choice. This is espe- in homes, offices and business premises
cially true for off-grid (solar PV) systems, ther standard or compact fluorescent lan
but it can also be true for homes, offices are probably your best choice.
and business premises that are connected

to the grid. Of course, other considerations FO7 Moreé information contact Stepher
Ndichu at solagen_nku@net2000ke.com
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