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This report is part of Nordic Folkecenter’s collection. More reports can be found on 

www.folkecenter.net

This report gives a short overview on two different 400W wind turbines used at Nordic 

Folkecenter to power light. The intention of this report is to give knowledge to future Trainees 

about the system and how to repair, change or expand it.  

It is also possible to use this system in any other application, when a limited DC-voltage is 

necessary. 
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Figure  1: Different components and their connection descriptions 

1 Basic Knowledge 
 

To work with the wind turbine circuit, there is basic knowlegdes needed.  

 

1.1 Basic formulars 

𝑈 =
𝑅

𝐼
  𝑃 = 𝑈 × 𝐼 

1.2 Different components  

 

Resistor: a resistor limits the current within a certain voltage. The current in a resistor raises and 

drops proportionate to the voltage. A resistor has no cathode or anode. 

 

Diode:   a diode is a component, that allows current only in one direction, from the anode to the 

cathode. 

 

Zenerdiode:  a zener diode is a special 

type of diode also allowing the current to 

flow in the other direction (cathode to 

anode). In that direction, the zenerdiode 

has a describing voltage that is released at 

a huge variety of current. 

 

LED:   a LED (light emitting diode) 

functions as a normal diode that emits light 

when the current flows through it.  

 

Transistor: a transistor is a more 

complex electronic component. In sum it 

has three connection options: gate, drain 

and source. A very low current between gate and source switch the transistor to allow high currents 

from drain to source.   

 

Rectifier:  a rectifier changes AC-voltage to DC- voltage.  
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Figure 1: Wind turbine on top of the main building 

2 LEDs in the renewable kitchen corner 
 

2.1 Wind turbine 

The wind turbine delivers a three faced AC-voltage up to 12V and can generate power up to 400W. It is 

mounted on a pole on top of the roof of the main building in an approximate height of 12 meters. Any 

wind turbine without any load would spin very fast even with little wind. An effective measure to 

counter this is to shortcut the wind turbine, so the resulting high currents act as a break. 

 

 

 

 

 

 

2.2 Use of the wind turbine so far 

The wind turbine is conneted to a cooking system that uses the energy mainly to cook rice and potatoes. 

When nobody is cooking, all the generated energy is turned to heat in resistors. 

The idea was to use the energy to power light sources with it. Therefore, LEDs are a very simple 

possibility, because they have a very low enerrgy consumption, a long life time and are quite cheap.  
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Figure 2: Box with white and yellow LEDs and switches 

Figure 3: The LEDs are soldered in parallel 

2.3 Boxes of LED 

2.3.1 How to connect the LEDs  

The boxes can be made of any nonconductive material, in this case wood was chosen because it is 

cheap, easy to work with it and light.  

 

 

 

 

 

 

 

 

 

 

Usually LEDs are connected in parallel, so all will light up in the same intensity. To connect them all 

cathodes of the LEDs must be soldered to one wire and all the anodes to a different wire. In case of the 

renewable kitchen corner project, eleven LEDs were used for each box.  

 

 

 

 

 

 

 

 

 

2.3.2 Calculation of the resistor 

 

The LEDs used in the renewable kitchen corner need 3V and ca. 20mA each to shine bright. To limit the 

current in the LEDs, there must be a resistor in series to the LEDs (𝑅 =
𝑈

𝐼
=

𝑃𝑜𝑤ⅇ𝑟 𝑆𝑜𝑢𝑟𝑐ⅇ−3𝑉

𝑛𝑢𝑚𝑏ⅇ𝑟 𝑜𝑓𝐿𝐸𝐷𝑠⋅0.02𝐴
) 
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Figure 4: Circuit diagramm of the LEDs 

Depending on the power source a different resistor must be selected. For example, connected to a 

normal power bank (USB-plug) the box with LEDs must handle a voltage of 5V:  

2.4 Changing the voltage suitable for the LEDs   

 

2.4.1 Changing the AC-voltage to DC-voltage  

 

Since the LEDs need direct voltage, the AC-voltage has to be changed to DC. Therefore, a rectifier can be 

used. A rectifier has five circuit options: three input and two output options. The three faced AC-voltage 

wires are connected to the input options. The two output wires are now plus and minus.  

More details about how to build a rectifier by oneselfe can be found in chapter “3.4.1 Changing the AC-

voltage to DC-voltage”. 

 

2.4.2 Limiting the DC-voltage suitable for the LEDs 

 

Dealing with the current of the wind turbine gives a small problem. On the one hand, the LEDs can 

handle only small currents (20mA each). On the other hand, the wind turbine speeds up very fast with 

small currents, which causes a lot of noise and might damage the wind turbine and tower. So high 

currents are necessary to slow down the wind turbine, but all components must be able to deal with the 

current. 
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The solution for this problem is a transistor (here: FQP30N06L) that can handle high currents. The 

transistor is not working while low voltage, but at a certain level of the voltage, the transistor functioins 

as a switch and allows high currents from drain to source. The voltage level can be selected by other 

components that are combined with the transistor. All necessary information, like the gate threshold 

voltage are in the datasheet (here: 2.5V). This means, when the gate-to-source voltage reaches 2.5V the 

transistor switches and allows high currents from drain to source. From that moment on, the voltage 

won’t increase anymore, since all the current can flow from drain to source.  

 

Since 2.5V is too low for the diodes the level has to be increased, which is very simple. A component can 

be added between drain and gate, so the neccesarry threshold voltage rises.  A zener diode in blocking 

direction can be such a component, raising the threshold voltage by the exact level of the description. 

The smallest zener diode available in Folkecenter was a 3.3V component, so the total voltage of the 

system was limited to 5.8V (3.3V+2.5V=5.8V). To limit the gate-source current below 10mA, a 400 Ω 

resistor is added in between (see figure 6). 

One transistor (FQP30N06L) can handle about 32A at a temperature of 25°C. When the temperature 

rises, the maximum current drops (e.g. t = 100°C, Idrain-source = 22.6A), so the transistor must be cooled 

down. To handle the current of the wind turbine, the combination of transistor, resistor and zener diode 

was added a second time in parallel.  

In addition to that combination, a capacity is added in parallel to balance short voltage drops. 

 

Figure 5: Circuit diagram of the whole system 

The heatsink is grounded since it’s connected to the drain of the transistors.  
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Figure 6: The components are fixed to a heatsink 

 

Note: in Figure7 the heatsink is fixed wrongly to the wall. It needs to be turned around 90° to make sure 

the warm air can go upwards.   

The system started working on 21th of November 2019. 

 

2.5 Changes in the system 

 

2.5.1 Repairing the system 

 

On 9th of December 2019 Folkecenter faced windspeeds higher than 20 
𝑚

𝑠
 causing high currents in the 

system. One of the transistors broke due to the high current and heat. The transistor was replaced and 

an additional third combination of transistor, resistor and zener diode was added in parallel to handle 

even higher currents and wind speeds.  

2.5.2 Adding a battery system   

 

On 18th of December 2019 a batterie system was added to the circuit. Therefore two 3.7V batteries  of a 

broken Strøm e bike batterie were added in parallel. The batteries must not be charged with a higher 

voltage than 3.7V so the limitation of the circuit must be reduced. Therefore the zener diodes are 
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Figure 7: Circuit diagram after the battery addition 

Figure 8: The Voltagemeter shows the 
current at a 1Ω resistor 

replaced by green LEDs that have a voltage of 1.9V. This still leaves a threshold voltage of 4.4V. 

Therefore, another diode (1N5333B) is added between the transistors and the capacity to reduce the 

threshold voltage again to 3.7V. Also, a switch is added in series to the two batteries to disconnect the 

batteries in case of emergency or if someone wants to work on the circuit (See Figure 8). 

In order to measure the current from the batteries and the wind turbine two AC-voltage meters were 

modified to two DC-voltage meters. Both measure the voltage at a 1 Ω resistor and show the current, 

that runs through the resistors on a scale (See Figure 9). 

 

Since the voltage got lowered to max. 3.7V, the resistors could be 

recalculated and changed, but it might not be worth the effort. 

 

By the end of January 2020 the batteries were not completely empty at 

any time. 
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Figure 9: The system can be 
expanded to even more rooms 

2.5.3 Expanding the system to the next room 

 

On 28th of January the LEDs where expanded to the next room. Therefore, a 

wire leads through a hole in the wall and connects a third box with LEDs with 

the wind turbine and the batteries. This could be continued in future even to 

the hallway towards the library to reduce the energy consumption by 

exchanging the existing lights with the LEDs powered by the wind turbine. 
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Figure 10: 400W wind turbine fixed to the 
offshoreconstruction 

3 Light for the parking area 
 

The basic idea was to use the offshore construction in Folkecenter’s parking area to set up a turbine to 

generate light. People could see the construction and have light at night. 

3.1 Wind turbine 

A 400W wind turbine was set up in the offshore construction in a height of 

4.5m. The construction has a weight of 150kg with empty barrels and 

more than 1.2t with sand filled barrels. The wooden blades are 90cm long 

each and were built by trainees in summer 2019.  

Since the turbine is in the wind shadow of trees the turbine probably 

produces less energy than the 400W turbine on top of the roof. 

 

By adding a switch that shortcuts the turbine a break was installed as well. 

 

3.2 Use of the wind turbine so far 

 

The blades of the 400W wind turbine were made by Trainees in summer 

2019. The month prior to setting it up it lay unused in a hut at the test field 

at the Folkecenter. 
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Figure 11: Prototype 1  

Figure 12: Drawing of Prototype 2 

3.3 LED-system 

 

Since the LEDs are used at the parking area, they must be able to deal with rain and wind.  

 

3.3.1 Prototype 1 

 

The idea for the first prototype was quite simple: drill holes in a pipe, put 

LEDs in the holes and seal them with silicon. One end of the pipe must be 

sealed as well, while the other end is fixed to the ground. 

To seal the end of the pipe, an old yoghurt bucket was a very simple solution, 

because it can be opened easily to have a closer look to the system insight 

the pipe or to change the circuit. 

 

One prototype 1 was built on 26th of January, but some of the holes were not 

waterproof. They could  have been fixed with more silicon, but it was not 

worth doing it. As a result, it was disassembled. 

 

 

3.3.2 Prototype 2 

 

While building the first prototype, another idea came up: Use a (white) 

yoghurt bucket as a lampshade as well as a protection from the rain.  

The LEDs now are placed now around a wooden post to bright up the 

bucket from insight. At the same time the LEDs shine to some reflecting 

material which is a little underneath the bucket to increase the lit area. 

The wooden post can be easily fixed into the ground. 

The system can be built very fast. The reflecting material is made from 

an old can and some aluminum foil.  

Depending on the number of LEDs and the power source, a resistor 

must be selected and added in series to the LEDs. (See chapter 2.3 

Boxes of LEDs) 

𝑅 =
𝑃𝑜𝑤ⅇ𝑟 𝑆𝑜𝑢𝑟𝑐ⅇ−3𝑉

𝑛𝑢𝑚𝑏ⅇ𝑟 𝑜𝑓𝐿𝐸𝐷𝑠⋅0.02𝐴
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In this case:       𝑅 =
5𝑉−3𝑉

10×0.02𝐴
= 10Ω  

 

Figure 13: Prototype 2 powered at night 

 

 

 

3.4 Changing the voltage suitable for the LEDs   

 

3.4.1 Changing the AC-voltage to DC- voltage 

 

Since the LEDs need direct voltage, the AC-voltage must be changed to DC. Therefore, a rectifier can be 

used. At Folkecenter was no rectifier (such as in the renewable kitchen corner used) available, so it was 

built by the single components.  

 

The rectifier needs at least 6 diodes which allow the positive 

current of each of the three faces to the positive connection 

output and the negative current to the negative connection 

output (see Figure 15). 
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Figure 14: circuit of a rectifier 

Figure 15: Circuit diagram for 
the diodes (30CTQ100) 

Figure 16: Drawing of the circuit diagram on a picture of 
the real circuit 

The rectifier is the first part of the whole circuit system, so the diodes must be able to handle very high 

currents from the wind turbine. 

 

 

 

 

In Folkecenter some broken “wind&pv hybrid controller” included some still 

working components. The diodes in there were still working, so they were 

used as a rectifier in the 

new circuit. Each 

component (30CTQ100) 

includes two diodes (see 

Figure 16).  

 

 

 

 

In total, 12 of those components were used for the 

rectifier to make sure, it can handle the high 

currents. They were isolated and pressed with two 

metall plates to the aluminium box. 

 

The colours pink, green and cyan show the 

connection between the three wires of the wind 

turbine and the diodes. The diodes change the AC-

voltage to DC-voltage (see figure 17).  

 

 

 

3.4.2 Limiting the DC-voltage suitable for the LEDs 

 

Again, the voltage must be limited and high currents have to be handled in the same way as low 

currents. The solution is very similar to the solution for the other circuit. A transistor (IRL540N) is used, 

this time in combination with two 10kΩ resistors. One of them is connected between gate and drain, the 

other one between gate and source. Since the resistors are the same size, the gate threshold voltage  
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given by the data sheet of the transistor (2.5V) is doubled. This combination of transistor and the two 

10kΩ resistors is connected four times in parallel to handle high currents. 

 

Figure 17: Circuit diagram of the transistor resistor limitation 

This gives a limitation of 5V for the system.   

With a high windspeed, a lot of energy has to be changed into heat in the transistors, which ich the 

reason why they are screwed to the metalbox. The box is connected to an even bigger heat sink. 

 

The system started working on 27th of January.  

 

3.5 Changes in the system 

 

 

On 31th of January 2020 one of the transistors broke due to the high current and heat. The transistor 

was replaced and a additional fivth combination of transistor and resistors was added in parallel to 

handle even higher currents and wind speeds.  
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4 Problems with the system 

4.1 How to register a problem 

A problem can be detected by not working LEDs, as well as the occurrence of a very slow spinning 

turbine. If the turbine spins way slower than the other turbines it is usually due to very high currents. 

This can be because of a shortcut (brake turned on or wires touch each other) in the system or a broken 

component.  

 

4.2 How to solve the problem 

First of all the reason for the issue must be detected. This can be done by measuring the resistance or 

the voltage at different places. Therefore, the rectifier, LEDs and transistor combinations should be 

disconnected and tested separately.  

If there had been changes recently, some wires might touch each other and cause a shortcut.  

When a component is broken it should be replaced. In addition, the system must be modified to prevent 

the problem to occur again.  

 

Both systems already have had a broken transistor which is not dangerous at all. The broken transistor 

nearly shortcut the system (ca. 33Ω), which slowed down the turbine and reduced the voltage. After 

detecting the broken transistor, it was replaced and an additional combination of transistor and the 

additional components were added.   

 

 

5  Conclusions 
 

The system in the renewable kitchen corner can be improved by adding a “smart switch” to the 

batteries. The idea is to disconnect the batteries while the light is not necessary, and to only connect 

them when enough energy is generated by the wind turbine to also charge the batteries at the same 

time. When it is dark outside the batteries should always be connected.  

The turbine fixed on the offshore construction is not placed in the best location due to trees etc., but 

there is enough wind to power the LEDs. The system could be improved by adding a battery system 

(best with a “smart switch”) and more outdoor-LED-prototypes.  
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Both systems show that a 400W wind turbine with similar wind conditions as at the Folkecenter can 

generate enough energy to supply quite a large number of LEDs. Combined with a small battery system, 

the generated energy is reliable enough to permanently light up a room.  

The reliability must be tested for a longer period, but so far it seems as if the off-grid system could be a 

solution to power the LEDs in several rooms, maybe even a small building like a tiny house.  

 

The benefit of the system is that its components are not expensive and it is quite easy to build.  
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