Peak Power Tracker Project
“If you're interested in helping create this technomadic machine, please reply … .
We still offer our "geek's vacation" package, with free Spartan room and board to
anyone who wants to move in for a while and get a lot accomplished (on the
Microship project).”
The Microship Status Reports 3/14/97 (Issue #118)
by Steven K. Roberts Nomadic Research Labs
www.microship.com

I was surfing the web a few years ago,
looking for links to interesting solar power
projects when I ran across this intriguing offer
from Steve Roberts on his wonderful web site:
www.microship.com. I am an electrical engineer
by training, working in an unrelated field, but I
have always been interested solar power and
alternative energy. I read on Steve’s web site
about his Microship project. He is building two
small sailboats that are powered by solar
electricity. Since I’m also a sailor and I was
going to be traveling in the Pacific Northwest I
Figure 1. Getting the Microships ready for Launch.
decided to take Steve up on his offer to spend a
week on Camano Island working on his
Microship project. Steve and I worked so well together that I ended up designing the
Solar Power Control System for the Microship.
The Microships are basically small, one
person trimarans. More details can be found on
Steve’s website. In addition to sail power, the
Microships have a pedal/propeller drive and a
solar electric drive. The electric propulsion
motor is powered by the main 12v battery which
is charged by the solar panels. The Power
Control System monitors the current flowing
into and out of the main battery. It also adjusts
the speed of the propulsion motor to equalize
the power being used and the power being
generated by the solar panels. This keeps the
Figure 2. Microship Power Control System
electric propulsion motor from quickly draining
the main 12v battery and maybe forces Steve to
do a little more sailing (or pedaling!) on cloudy days. The Peak Power Tracking part of
the Power Control System increases the efficiency of the solar panels by converting the
higher solar panel voltages to the 12v needed to charge the main battery.

After designing the Power Control System for the Microship, I thought others
might be interested in applying the same Peak Power Tracking techniques to their own
solar power systems. So I designed the smaller, simpler Peak Power Tracker (PPT)
presented in this article.
To understand why the PPT can increase the efficiency of your solar power
charging system a closer at the electrical characteristics of a solar panel is necessary.
Solar panels convert photons from the sun striking their surfaces into electricity of a
characteristic voltage and current. The solar panel’s electrical output can be plotted on a
graph of voltage vs. current: an IV curve. I represents the current in amps and V
represents the voltage in volts. The resulting line on the graph shows the current output of
the panel for each voltage at a specific light level and temperature. (Fig. 2) The current is
constant until reaching the higher voltages, when it falls off rapidly. This IV curve is
applicable to the electrical output of all solar panels.

Solar Panel IV Curve
4

100
90

3.5

80
70

2.5
2

MPP
App

60
50
40

1.5

Watts

Amps

3

30

1

20

0.5
Vpp

0

10
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

IV Curve

Watts

Volts

Figure 3 Solar Panel IV Curve with MPP.

However, in a solar power system we are more concerned with the power we can
get out of the system, power we can use to do useful work. In an electrical system power
is measured in watts, which is the product of the voltage and current (W = I x V)
generated by the panel. Graphing the watts generated by the solar panel shows an
interesting characteristic: the maximum watts are produced at a panel voltage of about
18v. This value is called the Maximum Power Point or MPP. Since the goal of the PPT
to generate the maximum power from the solar panels, operating the solar panels at
roughly this voltage is optimal. However, when a solar panel is used to charge a 12v
battery directly, the battery pulls the operating voltage of the panel down to its own
voltage of 12v. As shown on the graph, the solar panel is producing significantly less
power (watts) at 12v than at 18v. So here is an opportunity to gain more power out of the

solar panel charging system if the solar panel continues to operate at 18v while charging
a 12v battery.
To gain the efficiency of Peak Power Tracking, the 18v of the solar panel must be
converted to the 12v of the battery. This can be accomplished by using an electronic
circuit called a DC/DC converter. A DC/DC converter is a very common device found in
most DC power supplies in some form. It is the basis of the PPT. The DC/DC converter
changes the solar panel’s higher voltage and lower current to the lower voltage and
higher current needed to charge the battery. Because the DC/DC converter is theoretically
a loss-less device (less some small real world inefficiencies), it outputs the same amount
of watts as are input, but at a different voltage and current. In a power supply, simple
feedback is used to set the DC/DC converter to a fixed output voltage. This is done by
controlling the ratio of the input voltage to the output voltage. In the solar panel example,
the ratio would be 18v/12v or 3/2.
However, for any solar panel, the Maximum Power Point is not fixed. Consider
the IV curves for any solar panel; (E0004X.pdf) the graph will show that the curves
change with the amount of light and the temperature of the panel. They also change for
each individual solar panel. As the curves change, the MPP changes for the different
temperatures and light levels. If the MPP changes, the conversion ratio of the input
voltage to output voltage of DC/DC converter must also change to keep the solar panel
voltage at the MPP.
The Peak Power Tracker uses an iterative approach to finding this constantly
changing MPP. I call this iterative method a hill climbing algorithm. Examining the
graph of the solar panel watts (Fig. 3), it looks like a hill with the MPP at the summit.
The PPT (Fig. 4) uses a microprocessor to measure the watts generated by the solar
panel. It then controls the conversion ratio of DC/DC converter to implement the hill
climbing algorithm. The software in the microprocessor works like this:
Increase the conversion ratio of the DC/DC converter.
Measure the solar panel watts.
If the solar panel watts are greater than the last measurement,
Then it is climbing the front of hill, loop back and do it again.
Else if watts are less than the last time measurement,
Then it is on the back side of the hill, decrease the conversion ratio and
loop back to try again.
This hill climbing algorithm occurs about once a second in the PPT and it does a good
job of keeping the solar panel operating at its
Maximum Power Point.
The basis for a Peak Power Tracker is that the
DC/DC converter changes the higher voltage/ lower
current solar panel input to the lower voltage/ higher
current battery charging power. The microprocessor
controls the conversion ratio of the DC/DC
converter, keeping the solar panel operating at its
MPP. There are obviously a lot more details that go
into this design. For a clearer understanding of the
Figure 4 Peak Power Tracker prototype.

process, look at the schematic and software listings for the PPT on my website
(www.timnolan.com).
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Figure 5 Actual PPT Watts Recorded on my Home Solar System.

With an understanding of how the Peak Power Tracker works, the next question is
how well does it work? Figure 5 illustrates data collected from the prototype PPT
connected to two 50 watt solar panels on my roof. In this example, the PPT was charging
a 12v battery. The data from the PPT was output by its serial port once per second and
collected, stored and graphed on my laptop PC. (See my previous HP article,
“Knowledge is Power”, Home Power #74).
On the graph (Fig. 5), the line labeled “PPT On” shows the watts generated by the
solar panels when the PPT was running the hill climbing algorithm. Every 10 seconds the
PPT set the DC/DC converter to a 1/1 ratio simulating a direct connection between the
solar panel and the battery. The watts are measured and plotted on the graph as “PPT
Off” showing the power that would be generated by the solar panel if it was directly
connected to battery. The difference in watts between “PPT On” and “PPT Off” is the
power gained by using the PPT. In this case the battery is being charged with about 20%
more power when the PPT is on.
Power gains of over 30% are attainable when using the PPT, but this is exception
not the rule. The PPT works because there is a difference between the solar panel’s MPP
voltage and the battery’s charging voltage. The IV curves for an actual solar panel
(E0004X.pdf, remember the MPP is right at the knee of the curve) show that the MPP
voltage goes down as the temperature of the solar panel goes up. This means that the
difference in voltage between the solar panel MPP and the batter is lower as the panel
temperature rises. With a lower voltage difference the PPT will show a lower power gain
compared to a direct connection between the solar panel and the battery. Therefore,

factors that decrease the difference in voltage between the solar panel MPP and the
battery will cause the PPT to show a lower power gain. These factors include decreasing
solar panel MPP voltage at higher temperatures, increasing battery voltage during
charging and voltage drop over long wire runs. On the other hand, if the temperature of
the solar panel is low and the battery is mostly discharged, the PPT will show higher
power gains. The graph in Figure 4 was generated when the outside temperature was
around 5F (winter in Wisconsin!). I was using a mostly discharged 12v battery to
maximize the gain of the PPT system.
My experience with Peak Power Tracking has shown that large power gains
(>25%) are possible only under ideal circumstances. If the solar panels are cool, the
batteries mostly discharged and voltage drops in the system are low, maximum PPT gains
should occur. Under other conditions the PPT gains will be lower, especially if the solar
panels are being used in hot conditions.
At this point, the question is who should add a PPT to their solar power system.
Most solar panel battery charging systems include a solar charge controller to keep the
batteries from overcharging. My PPT prototype also includes a solar charge controller
function in the software. In most cases, replacing the solar charge controller with a PPT
that also includes charge control only slightly increases the cost. Generally, the power
and efficiency gains will easily offset this increase.
Another application for the PPT is solar powered water pumping. I have run
experiments pumping water in varying conditions. When a solar panel is connected
directly to an electric water pump in low light
conditions, the solar panel does not generate enough
current to run the electric motor. Linear Current
Boosters are sometime used to change the high
voltage/low current power from the solar panel to
low voltage/high current electricity for the electric
water pump. Since this is exactly what the PPT
does, it works very well in this application.
The small water pump I used to test this
application is shown in Figure 6. With the solar
panel connected directly to pump there was not
enough power early in the morning to pump water.
Under the same conditions, the PPT was able to
boost the current to the motor so the pump would
now run, albeit at a slower speed than in full
sunlight. Also, because the PPT maximizes the
Figure 6 Solar water pumping experiment.
power output of the solar panel, the water pump will
receive more power throughout the day than when it is connected directly to the solar
panel. Thus, using the PPT in solar water pumping applications gives a net gain of more
water pumped during the day.
Peak Power Tracking is an advantage in many solar power applications. I thought
other people might be interested experimenting with PPT so I decided to write this article
and release my work into the public domain. By providing this information with no
strings attached I’m hoping other people will build this design, experiment with it,
improve it and share their results. Through this process the technology will quickly

improve. I’m willing to post any improvements that people make to the PPT technology
on my website. I would also like to hear how you’re using the Peak Power Tracker and
how it well it works for you. The schematics, software, parts list, PCB files and
everything else needed to build the Peak Power Tracker is available on my website
(www.timnolan.com). There is also a possibility that a kit will be offered through
Nomadic Research Labs (www.microship.com).
Through this project I’ve found that the Peak Power Tracker does offer significant
improvements in solar power systems,
especially when it replaces the battery charge
controller. By offering this project to the public
I’m hoping to stimulate experimentation and
innovation. Through this project I hope others
will help me contribute to the promise of solar
power and alternative energy in our future.

Figure 7 the author working on his solar system.

