
Getting more power from your solar panels

Track Check
How much extra power can a solar panel collect by tracking the sun? 

SwitchDoc Labs puts it to the test. By John C. Shovic

SunTracking – The 
Theory
A single solar cell never seems to put out 
quite enough power to run a Raspberry Pi all 
the time, and the new Raspberry Pis take even 
more power. One improvement you can make 
is to add the hardware to track the sun with 
your solar panels, which could increase your 
solar power generation by 20 to 30 percent.

Sunlight has two components: the “direct 
beam,” which carries about 90% of the solar 
energy, and the “diffuse sunlight,” which 
carries the remainder. The diffuse portion is 
the blue sky on a clear day and increases 
proportionately on cloudy days. Because the 
majority of energy is in the direct beam, 
maximizing collection requires the sun to be 
visible to the panels as long as possible.

In this article, I build a simple solar track-
ing system using a Raspberry Pi and a 
stepper motor, with the purpose of ex-
perimentally verifying the gain in power 

from a solar panel that is tracking the sun 
compared with a fixed solar panel. Oh – and 
it looks cool in time-lapse video [1].

Solar Power SySTemS
Over the past few years I have built a lot of 
solar-powered systems: Project Curacao, Sun 
AirPlus, WeatherPi, and the recent solar-
powered ESP8266 [2]. Although I’ve fooled 
around with sun tracking systems, I have 
never built one all the way out and then 
gathered the data to figure out if it was worth 
it. Now that the sun has returned to the Pa-
cific Northwest, the time is right.
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At any fixed location, the visible sun tracks 
across 180 degrees during an average half-
day period (more in spring and summer; less 
in fall and winter). Local horizon effects re-
duce this tracking motion somewhat, making 
the effective track somewhere about 150 de-
grees. A solar panel in a fixed orientation be-
tween the dawn and sunset extremes sees a 
motion of 75 degrees to either side so will 
lose roughly 75 percent of the energy in the 
morning and evening. Rotating the panels to 
the east and west can help recapture those 
losses; thus the statement that tracking the 
sun can improve your total output by about 
20 to 30 percent.

To determine whether those power im-
provement numbers are correct, I will en-
deavor to verify by experimentation!

SunTracker
Figure 1 is the block diagram for SunTracker, 
which is a pretty simple system. It has two 
independent solar power systems, each run 
by a separate SunAirPlus solar power con-
troller/ data collector. Each SunAirPlus has a 
three-channel INA3221 current- and voltage-
measuring I2C unit, and each is connected 
to an identical Voltaic Systems 3.5W, 6V 
solar panel. The 5V output of SunAirPlus 
also is connected to a 10W, 10-ohm load re-
sistor (connected just to discharge the LiPo 
battery – more on that later).

The sun-tracking solar panel is mounted 
on top of a 3D-printed stand (ignore the can-
non-shaped tubes on the front; they are left 
over from a previous experiment) and then 
mounted on the shaft of a 5V stepper motor. 
The stepper motor is driven by a Grove 
motor controller.

Because the two SunAirPlus controllers 
share the same I2C addresses, I use a Grove 

I2C four-channel mux to switch between 
them. One of the channels drives the 5V 
Grove motor controller and the 5V stepper 
motor. Each of the channels can be 3.3V or 
5V, so this was a convenient solution to driv-
ing the 5V motors and interfacing with the 
3.3V Raspberry Pi.

One thing to remember about the way a 
solar power charger works is that the 
amount of power that will be used is depen-
dent on the LiPo battery needing the power 
for charging. LiPo batteries don’t like being 
undercharged or overcharged. SunAirPlus 

Figure 1: SunTracker block diagram.

Figure 2: March 30 solar voltage. Figure 3: March 31 solar voltage.
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shows the solar panel voltage climbing as 
the battery nears full charge. Furthermore, 
the two batteries are in different charge 
states, with the sun-tracked battery having 
a bigger charge than the non-tracked bat-
tery. Figure 3 shows the solar voltage on 
March 31, when the battery had been dis-
charged properly.

Additionally, I connected a Grove 128x64 
OLED display to see what the SunTracker 
was doing in real time. (See the “Parts List” 
box.) Figures 4 through 6 show the configu-
ration and setup of the tracking and station-
ary test systems.

To start, you point the entire unit due east 
at a 90-degree bearing. However, you have to 
remember one thing: Due east on a compass 
is not true due east. You need to compensate 
for magnetic declination [9], which occurs 
when the magnetic north pole is not the 
same as the geographic north pole. At the 
SwitchDoc Labs location, declination is 
about 14 degrees; therefore, I point the unit 
at 76 degrees instead of 90 degrees to get due 
east. Does this matter? Yes. Fourteen degrees 
is almost an hour of sun travel, and you 
won’t be pointing correctly if you don’t take 
this into account.

The unit then tracks the sun the length of 
the day (based on 763 minutes of sun on 
March 1 for the lab location) over a total of 
180 degrees. Again, if I were being more 
careful, I would probably track about 150 to 
160 degrees because of the horizon.

has a LiPo charging chip that regulates the 
amount of power delivered to the battery. 
The key to setting up this test is to dis-
charge the batteries of both units with a 10-
ohm, 10W resistor through the SunAirPlus 
5V power supply (to protect the LiPo bat-
tery from being discharged too much); 
then, the batteries are ready to take a full 
day’s worth of solar energy. If you don’t 
discharge the batteries (which I forgot to do 
on March 30), you will see the solar cell 
voltage graph shown in Figure 2, which 

•  Grove SunAirPlus (two) [3]

•  Grove DRV8830 motor control-
ler [4]; I2C mini motor driver

•  Grove I2C four-channel mux [5]

•  Grove connector to pin header 
adaptor [4]; four-pin female 
jumper to Grove four-pin con-
version cable

•  Small 5V stepper motor [6]

•  JST2 to male header conver-
sion cable [7] and solder male 
jumpers to the wires

•  Optional Grove 128x64 OLED 
display [8]

•  Raspberry Pi (any version)

PARTS LIST

Figure 4: Inside the SunTracker box.

Figure 5: Complete SunTracker test units.
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The code
The Python code [10] for SunTracker is pretty 
simple. After sunrise, the program starts track-
ing the sun by turning the stepper motor two 
steps every six minutes, which for the stepper 
motor used, corresponds to 0.7 degrees per 
step or 1.4 degrees every six minutes.

The program reads the amount of solar 
power created by both solar panel systems 
and then stores the data in a MySQL data-
base on the Raspberry Pi for later graphing 
and analysis. The test ran for three days from 
March 30 through April 1.

reSulTS
Figures 7 and 8 show the results from the 
March 31 and April 1 runs. Intermittent 
clouds on March 31 (Figure 7) created the 

up and down pattern of the data. After 
doing the math on the power generated by 
the two panels on March 31, I calculated 
that the tracked solar panel generated 
21.88W-hr and the untracked panel gener-
ated 17.52W-hr, which is a 24.9 percent in-
crease in power generated by tracking, or 
pretty close to the estimate of 30 percent. 
The test on April 1 (Figure 8) produced a 
similar increase of 23.8 percent.

Looking at Figure 8, you see that the 
tracked panel peaked at about 11:30, whereas 
the untracked panel peaked at about 12:45 
(approximately local noon, when the sun is 
highest in the sky). Therefore, the tracking 
software is off about 16 degrees, which can be 
easily corrected to yield even better numbers. 
Just eyeballing the graph in Figure 8, I can see 

Figure 6: Deployed SunTracker test units.

Figure 8: April 1 power curves.Figure 7: March 31 power curves.
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getting another few percent improvement, so 
it would come even closer to the 30 percent 
expected increase in power generation.

concluSion
Strictly from a power point of view, tracking 
the sun is clearly worth the effort to gain 28 
percent more power from the same cell. The 
trade-offs include added cost and reliability of 
adding the stepper motor and the mechanical 
linkages. Why not just add a second solar 
panel? The problem is again the limitation on 
how fast you can charge a given LiPo battery 
because of how solar LiPo chargers work. 
The SunAirPlus limits the charge to 1,000mA, 
for example. If you put more solar panels on 
the system, you will increase the charge at 
the lower parts of the curve, but at the peak 
of the day, it doesn’t matter how much power 
is available to the charger, anything over 
1,000mA is wasted, and you will see the solar 
panel voltage go up as in Figure 2).

This project was not only fun, it was great to 
see that I could gain pretty close to the theoret-
ical value of power by tracking the sun with 
some simple hardware and a Raspberry Pi.

coming nexT column
Next time at SwitchDoc Labs I build an air 
quality environmental sensor using the Rasp-
berry Pi and – you guessed it – Grove con-
nections and devices [13]. The Raspberry Pi 
sorely needs a Grove ADS1115 16-bit analog-
to-digital device; then, I’ll add a Grove air-
quality sensor and test it with, of all things, a 
can of hairspray.  ● ● ●

[1]  Time lapse video of solar tracking: https:// 
 youtu.  be/  0Xw‑peDFp1w

[2]  “ SwitchDoc Labs – Solar-Powered WiFi” by 
John Shovic, Raspberry Pi Geek, issue 15, 
2016, pg. 80, http://  www.  raspberry‑pi‑geek. 
 com/  Archive/  2016/  15/  A‑solar‑  powered‑ 
 ESP8266‑  WiFi‑  module‑  joins‑t  he‑I  oT/ 
 (language)/  eng‑US

[3]  Grove SunAirPlus (two): http://  www. 
 switchdoc.  com/  sunairplus‑  solar‑  power‑ 
 controllerdata‑  collector/

[4]  Grove DRV8830 I2C mini motor driver: 
seeedstudio.  com

[5]  Grove I2C four-channel mux: http://  www. 
 switchdoc.  com/  grove‑  i2c‑4‑  channel‑  mux‑ 
 board‑  wstatus‑  leds/

[6]  Small 5V stepper motor: https://  www. 
 adafruit.  com/  products/  858

[7]  JST2 to male header conversion cable: 
https://  www.  sparkfun.  com/  products/  9914

[8]  Grove 128x64 OLED display: http://  www. 
 switchdoc.  com/  grove‑  128x64‑  i2c‑  oled‑ 
 board‑  arduino‑  raspberry‑pi/

[9]  Magnetic declination: http://  www.  ngdc. 
 noaa.  gov/  geomag/  declination.  shtml

[10]  Code for this article: https://  github.  com/ 
 switchdoclabs/  SDL_  Pi_  SunTrackerTest

[11]  “WeatherArduino” by John C. Shovic, 
Raspberry Pi Geek, issue 7, 2014, pg. 62, 
http://  www.  raspberry‑pi‑geek.  com/  Archive/ 
 2014/  07/  Connecting‑  a‑weather‑  station‑ 
 to‑your‑  Arduino

[12]  WeatherArduino erratum: http://  www. 
 raspberry‑pi‑geek.  com/  howto/  Errata/ 
 Erratum‑  WeatherArduino

[13]  “SwitchDoc Labs – Grove Devices” by John 
C. Shovic, Raspberry Pi Geek, issue 16, 
2016, pg. 76, http://  www.  raspberry‑pi‑geek. 
 com/  Archive/  2016/  16/  A‑new‑  way‑of‑  no‑ 
 solder‑  prototyping

INFO

Q: Assuming that I understand voltage drop, 

how long can the cables be from the Weather-

PiArduino [11] [12] boards to the WeatherRack 

Weather Sensors. I did dig around and could 

have missed it, and it could be provided in 

documentation when purchased. Based on 

my guess looking over the design and read-

ing various blog items, it looks like the Pi and 

WeatherPiArduino boards encased need to be 

less than 3 meters, more or less. Of course, I 

could be totally wrong. My goal is closer to 20 

meters. I am looking for the recommended 

maximum distance, so I can then work on re-

solving this possible problem.

Best regards, Tom

A: Regarding the cables from the WeatherPi-

Arduino board to the WeatherRack, 3 meters is 

easy. Longer than that has noise issues, but 

not necessarily voltage drop issues.

Here is what you can do to make the distance 

longer (in Project Curacao, the cable was 30 

meters): Use Cat 10 wire and double the wires. 

For the rain bucket and anemometer, add an-

other pull-up resistor to 3.3V on the line. It is 

currently 10Kohm, so adding another 10 or 

even 5Kohm resistor will make the line less 

susceptible to noise.

You can also fiddle with the debounce soft-

ware (increasing the debounce time) to make it 

less susceptible to noise. For the wind vane, 

changing the software to average multiple 

readings will make it less susceptible to noise.

Q & A •  •  •  •  •  •  •  •  •  •  •
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