On our recent Botswana trip, we took along some solar panels, to help our fridges and freezers keeping the food frozen, and drinks cold.  When I say we, I include Gudrun’s sister and husband, with his Australian parents who came over to join us on our trip.  We prepared our vehicles electrically by fitting two extra big 105Ahr batteries, and fitted new 100A alternators to charge these.  We also bought one 65W solar panel each to help with the charging on the days we were stationary on.  My calculations revealed that one 65W panel was not enough to sustain us indefinitely when stationary, but that it should be sufficient to meet our power needs for two nights.

Well this did not happen.  When needed, in the Central Kalahari, the battery levels fell to 30% by lunch time on day two, and we had to run our engines for about an hour to get enough charge into the batteries to last through the night and until we left the next morning.  When I got back home I did some more research.
But before I get to this, let me supply some basic info about solar panels:

There are three types of popular types, namely poly and mono crystalline panels, and then thin film panels, such as those manufactured by Uni Solar.  The poly crystalline panels cover the whole surface with crystals, while the mono crystalline panels can be identified by individual cells, roughly 120mm x 120mm.  These solar panels are usually covered by glass.  The thin film solar panels are bigger in size, are flexible, and glued onto a suitable flat surface.  The advantages of these panels are that they are more efficient than the conventional crystalline panels, can withstand higher temperatures, and deliver a charge earlier and later in the day, and they are not as prone to damage as the other glass covered crystalline panels.  They also have built in diodes which enable then to function when they are partly covered by shade.  Also, if cut, only those affected cells will not work, while the rest of the panel will, even if at a lower efficiency.
To calculate what size solar panel is needed, you first determine what the power requirements are, eg, take one fridges running at 2.5A, with a duty cycle of say 40%.  The power requirements for the fridge over a 24hr period would be 2.5A x 40% x 24hr =  24Ahr.  For 2 fridges this would be 48AHr. Now add other appliances, like our radios and lights at night, and the fact that the fridges will be operating at much higher duty cycles in the hot temperatures, which ranged between 35 and 42 degrees, I added 50% to the consumption figure of 48Ahr, and rounded it to 75Ahr, our daily theoretical requirements.
Now, deep cycle batteries should not be drained to less than 50% of their capacity, which is roughly 11.5V.  Below this level the battery starts to become damaged.  So effectively, one can use 52.5Ahr from a new 105Ahr battery, and 105Ahr from two, as in our case.  So theoretically our batteries should be able to keep the fridges running for a day and a third.  And with the help of a 65W solar panel, we should have enough power for more than 2 days.

To calculate what a solar panel can theoretically deliver, the average daily charging time over a year period for Pietermaritzburg is just under 5hrs.  This is with the solar panel fixed in the North direction, at an angle equal to our latitude, which is just under 30 degrees.  This is the ideal position if you do not have a sun tracking set up.  65W at a charge voltage of 13.8V yields 4.7Amps.  So, our 65W solar panel was expected to deliver 4.7A x 5hrs = 23.5Ahr per day, hopefully more as the effective daylight hours were longer than 5 hrs, and probably more intense than here in KZN, especially since no clouds were seen for 3 weeks.
So, on paper we had enough power to last us longer than 2 days and two nights.  So why did we only achieve just a little more than one full day?  Well, firstly, we underestimated the temperatures, which caused the fridges to run at probably close to 90% duty cycles, as their heat transfer efficiency was reduced in these high temperatures, and they were expected to cool a lot more than normal – each one of us drank 2 to 4 litres of water per day, and of course we expected it to be ice cold.  And then we had a couple of other drinks at night, so we expected a huge amount from the fridges.

But this still did not account for shortage of available power.
On reading the specifications of various solar panels, it became clear that the specifications were based on Standard Test Conditions, or STC for short.  These assume a high irradiance of 1000W/m2, a spectrum of AM1.5 and cell temperatures of 25 degC.

Then they also quote figures for NOCT, which stands for Normal Operating Cell Temperature conditions.  The more established manufacturing companies quote more realistic figures than for example new emerging companies, who want to break into the market by quoting optimistic figures.  And NOCT figures typically quote 800W/m2 (instead of 1000W/m2), the same spectrum of AM1.5, ambient temperatures ranging between 20 and 47 degC, and a wind velocity, which cools the cells.  And these figures are 7% to 20% lower than the figures for the STC, the standard test conditions only experienced in the lab.  So suddenly you realize that your 65w panel will only reliably give an average output closer to 50W.
But what I was not aware of is the effect temperature has on the cells.  One site claims that a cell temperature increase from 20 degreesC to 60 degrees C reduces the solar output by 18%, and I suspect it is even more.

Now this explains why our solar panels did not perform as expected.  I don’t know how hot they got, but remember that we were not able to touch them with our bare hands for longer than a second or two, for our ambient temperatures of 35 to 42 degrees C, and estimate that they must have been hotter than 60 degrees C.
Unfortunately I did not bring my intelligent Steca charger along on the trip, so can’t vouch what the actual Solar Panel output was, but estimate that they probably did not deliver much more than 50% of their ideal capacity.  This also explains why a test done some time back determined that solar panels are more efficient in Canada, than close to the equator.  Even though the irradiance levels are much lower in Canada than the near perfect figures at the equator, the lower temperatures in Canada ensure much better efficiencies than at the equator, where hot cell temperatures are experienced.  I have also seen similar things here in the last few days, where even partly cloudy and cool days give better results than stifling hot days, where no clouds are seen

