
Sizing a wind turbine to power your Raspberry Pi

This Is Your 
Pi on Wind

Got a special project for your Raspberry Pi that requires it to 

operate off the electrical grid? If solar power doesn’t provide 

enough juice, add some wind to the mix with an inexpensive 

wind turbine. By John C. Shovic

Project Curacao (Figure 1) is designed to 
monitor the local environment unattended for 
six months. The system will operate on solar 
power cells or wind power and will communi-
cate with the designer via an iPad app called 
RasPiConnect (Figure 2). Most of the electron-
ics fit inside the box shown in Figures 3 and 4.

Remote operators will monitor the power 
usage, solar cell degradation, and battery 
charging/ discharging performance. The sys-
tem will reboot itself via a watchdog timer 
and will reboot when power becomes avail-
able in cases where it shut down because of 
low power or unfavorable conditions.

The biggest challenge when designing a 
system that will operate continuously from a 
remote location is how to provide power. This 
articles describes the methodology that was 
used to design the power system for Project 
Curacao. Of course, your own remote Pi proj-
ect will have other goals and demands, but 
you can adapt these techniques as necessary 
to explore your own power needs when you 
are operating your Pi off the grid.

I initially designed the system to operate on 
solar power only. Then, someone pointed out 
that a wind of about 15mph is almost always 
blowing in the same direction, especially on 
the coast. My power calculations showed that, 
with solar power alone, the system could op-
erate only about 15 hours per day. 

Thus, with the solar-only design, the Ardu-
ino-based battery watchdog system shuts 
down the system for the night, only waking 

Project Curacao is a sensor-filled 
project designed to hang on a 
radio tower on the island nation of 
Curacao. Curacao is a desert is-

land 12 degrees north of the equator in the 
Caribbean, with a harsh environment that in-
cludes a strong tropical sun, salt spray from 
the ocean, and unremitting heat. 

Curacao is a beautiful place, but it poses a 
real challenge for anyone who wants to in-
stall a Raspberry-Pi-based environmental 
monitoring system.
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up at midnight for an hour to catch the night 
time environment. I thought wind power 
might improve the chances for continuous 
operation.

Solar only
The first challenge was to design the device 
for solar power alone. The project required 
the Raspberry Pi to run all day and for at 
least three hours before sunrise and three 
hours after sunset. The goals and budget in-
fluenced the hardware choices.

For this project, I could assume:
•	 Eight	hours	of	sun	running	the	cells	at	

least at 80 percent of max (12 watts).
•	 Current	is	delivered	to	the	Raspberry	Pi	at	

85 percent efficiency.
•	 Raspberry	Pi	takes	350mA	on	average	with	

the WiFi running.
Given these assumptions, I could calculate 
the total Raspberry Pi runtime during a typi-
cal day:

It would be nice to have full-time opera-
tion from solar power, but 15.8 hours per day 
is not enough to run the Raspberry Pi from 
three hours before sunrise until three hours 
after sunset. Therefore, I decided to explore 
the possibility of adding some inexpensive 
wind turbines rated to generate 15W and 
50W.

Wind PoWer
Of course, the wind does not blow steadily at 
all times, so you need to store the energy in a 

battery, and then have the battery supply the 
Raspberry Pi. Almost all inexpensive wind 
turbines generate a nominal 12 volts – 
enough to charge a 12V battery (actually, the 
voltage is more like 13.7V, and the turbine 
will have to generate more than 13.7V to 
charge it). I needed a 5V power supply for 
the Rasp Pi, so I chose a solar cell charging 
board called the LiPo Rider Pro [1].

The charging board takes a maximum of 
6.5V in and will charge a 3.7V LiPo battery 
and boost the battery voltage to 5V. This is 
almost perfect, except that the wind turbines 
generate 12V. I can dial down the voltage by 
adding a DC-to-DC Buck Converter, which 
converts the nominal voltage from 12V to 6V 

Figure 1: Tower for the Project Curacao environmental monitoring project.

Figure 2: Block diagram for Project Curacao. Figure 3: Completed box.
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•	 2	3300mAh	3.7V	LiPo	batteries
•	 1	Raspberry	Pi	Model	A
•	 WiFi
•	 3	Adafruit	INA219	Current	Sensors	(I2C)
•	 1	Adafruit	12	bit	A/	D	(I2C)

The deSign
These inexpensive wind turbines have no 
specifications to speak of. The 15W turbines 
are rated at 15W (12V at 1.25A), but the doc-
umentation tells nothing about how fast the 
wind needs to be or what voltages the tur-
bine can generate. 

The 50W Turbine (25V at 2.0A) documen-
tation says nothing about the dynamic char-
acteristics of the turbine – no curves or sug-
gestion of what wind speeds could make the 
50W numbers work. 

Therefore, I needed to generate data mea-
surements and plot curves to make some ra-
tional decisions about how to integrate the 
turbines into the design.

I performed two measurements on both 
devices. An Open Load (or Open Loop) char-
acterization, with the turbine spinning freely, 
provided an indication about what the wind 
speed needs to be to generate enough voltage 
(actually the minimum possible speed, be-
cause there is no load). 

A Loaded characterization offered some in-
sight into the actual power needed for the 
project. I used the actual device to provide 
the load for this test.

Note: Your load will be different. The load 
depends on your hardware, the state of your 
battery and the devices you are using. Do not 
overly generalize the loaded curves. Generate 
your own data. 

I calculated roughly a 25-ohm effective load 
from the device at minimum resistance (max-
imum current) by looking at the current from 
a power supply. I monitor and control the 
power system with the RasPiConnect app [2] 
(Figure 6). Note that the power efficiency 
number in Figure 6 is wrong because the unit 
is plugged into the mains.

The oPen load 
CharaCTerizaTion
For the Open Load characterization, I mea-
sured the unregulated wind turbine voltage, 
the regulated wind turbine voltage, the Rasp-
berry Pi solar panel voltage, and the corre-
sponding	currents	using	INA219	high-side	
current and voltage i2c sensors.

The	15W	wind	turbine	is	a	US$	90	single-
blade, 15W, DIY small wind turbine kit sys-
tem [3]. You also can find this device on Am-
azon	as	a	Micro	Wind	Turbine	Generator	Sci-

DC. This converter is efficient and can han-
dle	up	to	19V	on	the	input.

The wind power subsystem is shown in 
Figure	5.	Note	that	I	put	a	relay	in	between	
the regulated wind power input and the solar 
panels to switch from solar to wind under 
software control. 

Components include:
•	 15W	and	50W	wind	power	turbines
•	 1	SeeedStudio	LiPo	Rider	Pro	charger	(in-

cludes a booster to 5V from 3.7V)

Figure 4: Open Project Curacao box.

Figure 5: Wind power subsystem block diagram.
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ence	Project	Kit	for	US$	40,	but	without	the	
connecting wires. 

The 50W wind turbine is a Cyber 50 Micro 
wind turbine generator purchased from Ama-
zon.com	for	US$	70.	

I’m not specifically recommending either 
of these turbines, but they are the first inex-
pensive ones that I ran across. 

The first thing I needed to do was charac-
terize the open loop voltage curve so that I 
knew what voltages I was getting out of the 
turbine. 

So,	I	mounted	the	15W	turbine	on	a	gar-
den spade (literally – Figure 7) and stuck it 
outside the car through the window and 
drove at fixed rates of speed and measured 
the voltage with a multimeter (Figure 8). I 
got some strange looks from the neighbors 
(and a policeman) and had a hard time 
maintaining the speed because of a blizzard 
and ice on the road.

I gathered the data up to 50mph, put it in 
an	Excel	spreadsheet,	and	did	a	third	order	
polynomial curve fit to get an equation to 

Figure 6: You can manage the Raspberry Pi through the RasPiConnect control panel.

Figure 7: The 15W wind turbine mounted on a spade.

Figure 8: Taking the 15W wind turbine for a drive in a 

snowstorm.
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use in the software to predict the wind speed 
given	an	open	loop	voltage	(Figure	9).	

The equation I generated was:

where y = wind turbine output voltage and 
x = wind speed in miles per hour (mph).

The coefficients are:
c3	=	-0.000224491
c2	=	0.012549184
c1	=	0.255523699
b = 0.247342657

The maximum curve fit errors are +0.4V/ 
-0.6V,	+6.89%/	-4.74%,	which	was	good	
enough for my purposes. The data certainly 
wasn’t any better than +/ -10 percent given 
the	snow	and	general	driving.	Note	that	this	
curve is useful for control functions inside 
the Raspberry Pi, and for calculating the 
wind speed, but it is only valid for open 
loop.

Based on a small amount of data (during a 
wind storm one night, I put the wind turbine 
outside), I determined that I needed an addi-
tional turbine to generate power in low wind 
conditions (e.g., 10-14mph). I came to this 
conclusion by looking at the amount of volt-
age and current generated by the wind storm 
when the wind was blowing around 15mph. 
From the RasPiConnect control panel (Figure 
10), you can see that very little current was 
generated by one 15W turbine. The blue dots 
represent the regulated voltage going into the 
battery charging circuitry. The voltage needs 
to be above 5V to generate any significant 
current	to	the	battery.	Even	though	the	storm	
generated winds of more than 15mph, the 
charger rarely turned on. The higher voltage 
dots to the right of the graph were generated 
by taking the entire box and the turbine in a 
car to verify this conclusion.

I subsequently purchased an additional 
15W turbine, and the open loop characteris-
tics look the same with both in parallel. The 
first measurements I made with both 15W 
turbines indicated that the configuration 
might meet my power requirements. How-
ever, I later determined this design was mar-
ginal by examining the loaded voltage curves 
for the dual turbine.

I	needed	a	minimum	9V	to	run	into	the	6V	
regulator (which then is fed to the battery 
charging circuit). Figure 11 shows the two 
15W wind turbine test jig, and the 50W tur-
bine is shown in Figure 12.

I gathered the data up to 50mph, put it in 
an	Excel	spreadsheet,	and	did	a	third	order	
polynomial curve fit to get an equation to 

Figure 9: Voltage versus wind speed for the 15W wind turbine open loop.

Figure 11: The two 15W wind turbine test jig. Figure 12: The 50W wind turbine.

Figure10: Very little current is generated by one 15W turbine.
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predict the wind speed given an open loop 
voltage (Figure 13).

The equation generated was:

where y = wind turbine output voltage, and 
x = wind speed in miles per hour.

The coefficients are:
c3 =-0.000385082
c2 = 0.022102564
c1	=	0.675897436
b = 0.172727273

The	maximum	curve-fit	errors	are	+0.9V/	
-1.07V,	+6.75%/	-7.77%.

My initial conclusion was that either the 
two 15W turbines or the 50W turbine would 
meet my needs. I came to this conclusion by 
looking at the open loop graphs and reading 
the voltage at 15mph. Fifteen miles per hour 
is the target wind speed for Curacao based 
on weather charts. The 15W open loop chart 
gives about 5.8V at 15mph; the 50W open 
loop chart gives about 13V.  At 5.8V, the reg-
ulator should turn on, but at a low efficiency. 
This was verified by using a variable power 
supply.  However, the loaded tests show that 
the dual 15W turbine does not generate 
enough current to turn on the regulator (Fig-
ure 14).

Next,	I	did	the	loaded	test	of	both	configu-
rations in the Project Curacao box (with the 
Pi reporting data) in the actual circuit.

loaded Wind Turbine 
CharaCTerizaTion
I first tested the configuration with two 15W 
wind turbines. I guessed that I could get at 
least a trickle of charge out of these turbines 
at wind speeds of 15mph.

I loaded the 15W turbines with the actual 
Project Curacao charging circuitry. This cir-
cuitry consisted of a DROK 3A/ 18W DC Buck 
Converter	Car	Regulated	Power	Supplies	(9-
22V) 12V to 6V, which was wired to a relay 
that switches between the solar panels and 
the wind turbines and then to the solar battery 
charger, the LiPo Rider Pro. (This configuration 
is the actual design used in Project Curacao.)

This hardware configuration is the “Load.” 
Please understand that your “Load” might 
not have the same impedance or characteris-
tics of my “Load.” An additional way of test-
ing the Loaded characterization would be to 
discharge the wind turbine into a resistive 
load and measure the voltage.

I measured the voltage in a car at the wind 
speeds shown in Figure 14. The graph of cur-
rent versus wind speed is shown in Figure 15.

After the test outside, I connected a variable 
power supply to the Project Curacao box, then 
read the currents from the power supply cur-
rent screen and from the Raspberry Pi RasPi-
Connect screen. My reasoning was that a volt-
age is a voltage is a voltage when it is DC with 
little ripple. Thus, I can put the measured volt-
age into the system and read the currents from 

Figure 13: Voltage versus wind speed for the 50W wind turbine open loop.

Figure 14: Loaded voltage versus wind speed for the double 15W turbine configuration.

Figure 15: Current versus wind speed for the double 15W turbine configuration.
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is clear that the 50W wind turbine does far 
better than the smaller turbines at low wind 
speed. From Figure 15, no significant cur-
rent is produced with the dual 15W turbines 
at 15mph. The 50W turbine produces a sig-
nificant amount of current at 15mph and 
supplies	substantial	current	at	25mph.	No	
surprise there. Clearly, at about 15mph, I 
can produce some of the power required. I 
can generate a loaded regulated voltage of 
6.4V at 15mph (based on two measure-
ments). This output gives me plenty of cur-
rent to charge the battery, even when the Pi 
is running.

The test shown in Figure 16 blew out the 
DC/ DC voltage regulator with an over-volt-
age condition. The damage was limited to 
the regulator. 

Why did this happen? The open loop volt-
age measurement on the 50W turbine offers 
a clue. The regulator is specified as a maxi-
mum	19V	input.	When	the	turbine	hit	more	
than about 25mph, it started to generate 
more than 22V, even loaded, which eventu-
ally fried the regulator.

The 50W wind turbine’s very minimal 
specifications say that, in perfect conditions, 
I can get 2A at 25V, which is 50W. However, 
if I’m not taking 2A (which is 2x to 4x the 
maximum),	the	voltage	goes	up.	Eventually,	
it killed the regulator. I did not think that one 
through.

hoW To Fix iT?
I added an over-voltage circuit on the wind 
turbine side of the DC/ DC regulator. The 
wind turbine is rated at 50W, but I am not 
going to trust that number. I built the over-
voltage	circuit	using	TVS	diodes	and	made	
sure I sized it for about 4A@25V (100W) to 
cover hurricanes (although in a hurricane, 
that will be the least of my problems – I 
would expect the turbine to be halfway to 
Aruba by then). 

the software. This technique allows me to 
avoid carrying a laptop, wireless connection, 
iPad, and so forth in the car during a test.

50W Wind Turbine TeST
Based on the latest test run, and on some 
fragmentary data from a previous test run, it 

Figure 17: The over-voltage circuit serves to protect the system in case of an unexpectedly high voltage.

Figure 16: Testing the 50W wind turbine.
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I used a 50W, 5-ohm resistor and put 
10-5W	TVS	diodes	in	parallel	(Figure	17).	
TVS	diodes	operate	by	shunting	excess	cur-
rent when the induced voltage exceeds the 
avalanche breakdown potential. This solu-
tion acts as a clamping device, suppressing 
all over-voltages above its breakdown volt-
age. As with all diodes of this type, it auto-
matically resets when the over-voltage goes 
away. 

I set the over-voltage protection at 20V to 
avoid this problem in the future. You can 
refer	to	the	Electronic	Tutorials	site	for	a	
good link on a diode-based over-voltage pro-
tection circuit [4].

I ran another set of loaded tests for the 
50W turbine after the over-voltage was 
added and got the curve in Figure 18, with-
out generating any smoke.

ConCluSionS
Based on the curves and measurements de-
scribed in this article, I can reach the follow-
ing conclusions:
•	 A	wind	speed	of	20mph	is	needed	to	gener-

ate any significant power in the system 
using the two 15W wind turbine system. I 
am sure there are better low-speed tur-
bines for this system.

•	 The	average	wind	speed	in	Curacao	is	
about 14mph, which means a substantial 
part of the time the turbines won’t be gen-
erating power. How can this be fixed? I 
moved the wind turbine up higher on the 
tower.

Because wind speed is generally greater 
the higher you are off the ground, I wanted 
the turbine as high as I could reasonably 
get it. I gained about 15 percent in wind 
speed by moving the turbine up 10 meters. 

I don’t have a good number on the spread 
of wind speeds, but it looks like the bulk of 
the wind is between 10mph and 25mph, so 
the setup will get some power, but not 
much. It’s a good thing I have the solar 
cells.

•	 Note	how	the	voltage	flattens	out	as	wind	
speed approaches 50mph at about 16.5V 
on the open loop 15W turbine test. The 
system is designed to measure up to 17V 
(a voltage divider down to 5V for the Ar-
duino) and tolerate up to 18.7V (no more 
than 5.5V into the Arduino). Again, if 
wind speeds are more than 50mph, the 
analog inputs will be the least of my prob-
lems.

•	 I	am	going	to	go	with	the	50W	wind	turbine	
for this project down in the Caribbean. The 
curve shows some power generation at 
15mph, and it gets really good at about 
25mph. When I get the box down to Cura-
cao, I will further characterize both the 
50W and 15W wind turbines.
This control system takes the weather into 

account on cloudy days (low luminosity and 
solar voltage) and turns on the wind turbine. 
Of course, I will turn on the wind turbine at 
night all the time. 

As the curves show, generating even 10W 
on an ongoing basis from the wind poses a 
set of special problems. My next wind-pow-
ered system will use better (and more expen-
sive) turbines, but the wind is still a second-
ary source of energy; the chosen 50W turbine 
will work for Project Curacao.

For more information about Project Cura-
cao, check out the author’s blog [5], and for 
real-time data from Project Curacao, you can 
click on the Project Curacao page [6] hosted 
by MiloCreek.  ● ● ●

Figure 18: Voltage versus wind speed for the 50W turbine under load.

[1]  LiPo Rider Pro wiki:  
http://  www.  seeedstudio. 
 com/  wiki/  Lipo_Rider_Pro

[2]  RaspPiConnect:  
www.  milocreek.  com

[3]  15W wind turbine:  
http://  store.  sundancesolar. 
 com/  15‑watt‑diy‑small‑wind‑
turbine‑kit/

[4]  The Zener diode: http://  www. 
 electronics‑tutorials.  ws/ 
 diode/  diode_7.  html

[5]  The author’s blog:  
switchdoc.  blogspot.  com

[6]  Project Curacao real-time 
data: http://  milocreek.  com/ 
 projectcuracaographs/
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