
Mixing wind turbines with the tropics

 Into the 
Wind
We describe the further saga of Project Curaçao, a Raspberry Pi-based 

weather station powered by wind and sun. By John C. Shovic

project for 
those who 
missed the previ-
ous issue.

What Is Project 
curaçao?
Project Curaçao is a sensor-filled project de-
signed to hang on a radio tower on the island 
nation of Curaçao. Curaçao is a desert island 
12 degrees north of the equator in the Carib-
bean. It is a harsh environment with strong 
tropical sun, salt spray from the ocean, and 
unremitting heat, but it is a beautiful place to 
visit and a challenging spot to build and in-
stall a Raspberry Pi-based environmental 
monitoring system. The system consists of a 
Raspberry Pi running a Python-based control 

In an article on 
wind power in the previous issue of 
Raspberry Pi GEEK [1], I talked about de-
signing a solution that would allow a 

small computer system on a remote island to 
operate on solar and wind power. Since then, 
I actually installed the weather station sys-
tem – on the Caribbean island of Curaçao on 
March 12, 2014.

The system is still functioning well in an 
unattended mode on the island as of the 
writing of this article (April 2014). However, 
the wind turbine that was suppose to provide 
assistance to the primary solar-based power 
system met with premature and unexpected 
misfortune. In this article, I describe what 
happened and what I intend to do about it, 
but I’ll begin with a brief description of the 
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system, a RasPiConnect server (for remote 
monitoring and remote control), and an Ardu-
ino acting as a power system manager and 
watchdog system overseeing the Raspberry Pi.

The basic design for Project Curaçao is 
shown in Figure 1. Figure 2 shows a block di-
agram of the power subsystem. The 50W 
wind turbine is connected through a set of 
relays to the battery charging system. The 
Arduino watchdog switches the input of the 
battery charging system from solar to wind 
based on time (sunrise/ sunset) or by direct 
control from the control panel on RasPiCon-
nect [2]. A voltage protection circuit between 
the turbine and the charger protects the char-
ger and regulator from overvoltage condi-
tions (anything above 18V in this case).

Because I knew this wind turbine would 
not be generating very much power (my esti-
mate based on loaded measurements was 
about 100mA (0.5W) in 15mph winds), I de-
cided to use only the wind turbine to trickle 
charge the Raspberry Pi’s battery at night. 
The Raspberry Pi (Model A) takes about 
1.5-2W to run the system. The WiFi connec-
tion makes up almost a third of this power.

InstallatIon of the 
turbIne
With the help of Geoff Howard, expert tower 
climber (and patient man), I installed the 
wind turbine and the box up on the radio 
tower. We mounted the wind turbine as high 
as the wire would reach, because the wind 
speed typically increases 15 percent every 10 
meters above the ground. This was readily 
proved to be true as we climbed the tower 
into the gale. The final installation was com-

pleted on 
March 15, 
2014 (Figure 3).

PredIctIons from 
PrevIous artIcle
Based on curves and measurements of the 
wind turbine (hanging outside a car), and 
the average wind speed on Curaçao (15-
mph), I was expecting about 100mA into the 
charging battery or about 0.5W. I thought it 
would not generate enough power to run the 
Pi without the wind speed going to at least 
30mph (power available from wind goes up 
with the square of the wind speed).

actual results
Project Curaçao also has a MySQL database 
that records current going into the battery 
charging system. When the system is set for 
solar, it records current into the charging sys-
tem from the solar cells and, when set for 
wind, it records the actual wind power cur-
rent into the charging system. While the Pi is 
up and running (after sunset), it is recording 
the actual current from the wind. When the 
solar cells are connected, I can still estimate 
the potential available current based on the 
unregulated wind turbine (right off the tur-
bine) by looking at the unloaded 50W wind 
turbine curves given in the previous article.

In the same way, I can estimate the wind 
speed by looking at the unregulated wind 
turbine voltage (when it is unloaded – it is 
not connected from the charger during the 
day). Remember that only voltages up to 
about 18V are significant, because anything 
more will be clamped by the voltage protec-

Figure 1: Project Curaçao configuration.

Figure 2: Power subsystem for Project Curaçao.

Figure 3: I installed the wind turbine 

on March 15.
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the label of Power from Solar), the wind volt-
age is delayed 15 minutes – making the wind 
voltage value pretty much worthless. This 
issue also will be addressed in the upgrade.

WInd storm – dIsaster!
Less than a week after I left the island, I got 
an email saying that there had been an over-
night wind storm with gusts about 35mph 
and that the wind turbine was destroyed 
(Figure 5).

Although this turn of events was quite a 
disappointment, the box and the solar cells 
were unscathed. I had known all along that 
the wind turbine mechanical design was the 
weak link in the project, but I was still sur-
prised it only survived a week.

What haPPened
As you can see in Figure 5, the turbine has 
been shattered and the mounting pipe is out 
of the base. The week before I left I’d been 
sitting at coffee at a friend’s house watching 
the turbine spin in the wind, and I noticed 
how the turbine mounting unit shook back 
and forth in the wind.

After the pictures came in of the destruc-
tion, I concluded that I suffered from a “Gal-
loping Gertie” syndrome [3] in my mounting 
unit. The wind reached a certain speed 
(above 25mph?) and the whole mounting 
pipe whipped back and forth and popped the 
turbine out, and promptly destroyed itself. 
The middle of the solid block turbine mount 
was broken, and the unit was clearly out of 
the pipe.

In the absence of any hard measured data, 
I believe this was the problem for three rea-
sons. First, I ran the wind turbine up to 
50mph in a car with absolutely no problems 
(although I did notice how hard it was to 

tion circuitry. However, the lower part of the 
curve should be very close to the unloaded 
50W wind turbine curves.

To do this analysis, for March 16th (two 
days before the big wind storm and the best 
solar power day of the week), I crunched the 
data in the MySQL database. The “Data Col-
lected” box shows a summary of the infor-
mation.

I also spot-checked wind power and cur-
rent during the day using RasPiConnect. The 
recorded observations are as follows:
1. The curves from the previous article indi-

cate almost zero current generation until 
the wind speed gets to about 7.5mph. My 
data more or less agrees with the curve.

2. I thought that it should be generating 
much more current at 15mph, and the data 
seems to support that. Note that I can’t tie 
an exact wind speed to the 138.6mA value 
because the wind turbine is loaded at that 
point, so unloaded wind/ voltage curves 
aren’t applicable. This is one reason why, 
during my upgrade in September 2014, I 
will be adding a separate anemometer.

3. As expected, the 50W turbine does not 
even come close to powering the device, 
but it does provide a trickle charge. Eight 
hours at 22mA will result in 30 minutes of 
running the Raspberry Pi.

Figure 4 shows the RasPiConnect Pi power 
panel with the wind turbine manually turned 
on with the panel during the day. I stood at 
the foot of the tower and watched the wind 
turbine while refreshing my iPad and taking 
screenshots of the data. Note that although 
the wind charging current is accurate (under 

Figure 4: Monitoring power usage with the RasPiConnect power panel.

Total number of data points: 49

Number of unloaded 50W wind 
turbine data points: 37

Average wind speed: 7.1mph

 Low: 0.0mph

 High: 16mph

Number of current samples 
(loaded 50W wind turbine): 12

Average current delivered to 
battery: 22mA

  Low current delivered to 
battery: 0mA

  High current delivered to 
battery: 138.6mA

Max power from turbine to 
battery: 0.5W

Data ColleCteD

Figure 5: The tropical wind was too much for the wind 

turbine assembly.
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hold the mounting pole), which indicates 
that the block probably didn’t break because 
of the wind. Second, I saw the mounting 
poles sway back and forth in a 10mph wind 
from 200 feet away. Wind force goes up with 
the square of the wind, so it surely would 
sway much more at 30mph than at 10mph. 
Third, the mounting PVC pipes are com-
pletely intact with no damage.

Thus, I need to change the vibration mode 
of the mounting poles and make sure the tur-
bine cannot pop out of the pipe.

uPgrades to system
The Project Curaçao box is still performing 
well after three weeks as of the writing of 
this article. As mentioned, I am planning a 
maintenance trip to Curaçao in September to 
work on the box.

The following upgrades are planned for 
Project Curaçao:
•	 Replace	the	wind	turbine	–	The	broken	

mount box is not repairable. I am looking 
at two options. Option one is to purchase a 
new 50W turbine or buy a better (more ex-
pensive) wind turbine. Because the Rasp-
berry Pi in Project Curaçao requires about 
2W to operate, and the system is only gen-
erating about 0.5W at 15mph, I would 
need a significantly larger wind turbine.

•	 Stiffen	the	turbine	mount	–	I	am	going	to	
add an additional cross-brace to the wind 
turbine mount (Figure 6). An additional 
horizontal brace will reduce the magnitude 
of the “Galloping Gertie” flexing caused by 
the wind.

•	 Add	a	vibration	sensor	on	the	turbine	
mount – I have purchased a piezoelectric 
vibration sensor (SEN-09197 from Spark-
Fun [4]) to measure the flex of the turbine 
mount. I will be able to record the flexing 
in a database on the Raspberry Pi and read 
it remotely. I’m expecting to apply filtering 
to the data to detect anything useful, be-
cause the data is bound to be very noisy.

•	 Add	a	loose	strap	over	the	top	of	the	wind	
turbine – The strap will be screwed to the 
sides of the PVC turbine mount and to the 
top of the new wind turbine to allow the 
turbine to turn; however, the strap will not 
be long enough to allow the turbine to 
“pop out” of the mount (which destroyed 
the last turbine).

•	 Add	wind	speed,	wind	direction,	and	rain-
fall sensors to the box – I am adding a pas-
sive anemometer, rain bucket, and wind 
vane to the box. This will allow me to re-
cord more weather data and better analyze 
system behavior and performance.

•	 Modify	the	Arduino	battery	watchdog	to	
record wind turbine current and voltage – 
Currently, the data is recorded only when 
there is enough battery energy to run the 
Pi. This will allow me to record this infor-
mation even when the Raspberry Pi is 
turned off and then transfer it to the Pi 
when the Pi is rebooted. The Arduino is 
designed to run all the time and is cur-
rently meeting that goal. I will also add a 
command that will read an instantaneous 
unregulated and regulated wind voltage 
and supply the information back to the Pi 
for the panel output.

•	 Modify	the	angle	of	the	solar	panels	–	As	
expected, the solar power panels are not 
generating enough to power to run the 
Raspberry Pi all night. After some experi-
ments in Curaçao, I concluded that I could 
more than double the solar power avail-
able to the box, thus allowing the Pi to run 
all night. I am considering mounting two 
solar panels on a stand and then rotating 
the stand with a servomotor to track the 
sun. The reliability of such a system in the 
tropics is definitely a concern.

These upgrades should address the problems 
the system has encountered so far.

conclusIon
The addition of a wind turbine to help 
power a solar cell-based Raspberry Pi and 
Arduino project has been a challenge. Al-
though the electrical characteristics of the 
system are well understood and well de-
signed, the mechanical parts of the design 
need to be reevaluated and mechanical 
stresses taken into account. The need for 
real-time data collection on the wind sys-
tem was misunderstood and will be ad-
dressed in the upgrade. For more informa-
tion about wind/ solar power and the soft-
ware for Project Curaçao, please visit the 
author’s blog [5].  ● ● ●

Figure 6: An additional horizontal brace connected 

to tower will help reduce the motion of the wind tur-

bine frame.
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