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/ÂÊÅÃÔÉÖÅÓ ÏÆ ÔÈÉÓ ÍÏÄÕÌÅ 

In the following lines, there are several practical prototypes of useful tools for the farming sector that 

work with renewable energies. In this sense, the prototypes are made for small scale projects that can 

be implemented in VET agricultural courses. The classroom can be adapted and include these 

prototypes to make the students work individually or in group in systems that can be applied in the real 

world. The different options can be included in one or several subjects, according to the necessity of the 

VET students. 

In order to show how it is possible to include renewable energies in farming, the partners of the Energy 

for Farming project have created 2 practical prototypes using solar power and 2 experimental 

prototypes in farming. The reader will find the pedagogical objectives of each prototype but also the 

concrete construction steps and material that needs to be used during the creation of the models 

detailed below. 
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0ÒÁÃÔÉÃÁÌ ÐÒÏÊÅÃÔÓ ÐÒÏÔÏÔÙÐÅÓ ÉÎ ÔÈÅ ÃÌÁÓÓÒÏÏÍ 

Juan Jorro, Lucía Toledo and José Segarra 

4ÈÅÒÍÏÓÉÐÈÏÎ  

$ÅÓÃÒÉÐÔÉÏÎ 

A thermosiphon is a solar water collector. Usually, the solar water collectors are composed of a surface 

that captures solar radiation, but also a thermal circuit, frequently made of tubes, through which the 

water passes. In order to reach a higher temperature, it is necessary to include a transparent cover that 

allows the creation of a greenhouse effect and an insulated box. In the case of the following prototype, 

the circulation of the water from the collector to the tank is done by natural circulation1 taking 

advantage of the different densities between cold and hot water (thermosiphon). 

The thermosiphon effect is when the hot water goes up to the tank because it has less density than the 

cold water, that descends towards the base of the tank. In order to achieve the thermosiphon effect, it is 

necessary to place the water tank above the solar collector, as it is described in the following pages. 

 

0ÅÄÁÇÏÇÉÃÁÌ ÏÂÊÅÃÔÉÖÅÓ 

- Teaching about water density 

- Teaching about the thermosiphon effect 

- Calculating lengths 

- Understanding solar power 

- Applicable usages of solar energy 

2ÅÑÕÉÒÅÄ ÍÁÔÅÒÉÁÌÓ 

# MATERIAL UNITS 

1.  Expanded polystyrene2 

box 

1 

42,5x35x103 

2.  Drip irrigation pipe 

(16 mm) 

1 

160 cm 

3.  Micro drip irrigation 

tubing (3 mm 

diameter) 

1 

640 cm 

4.  Drip irrigation barbed 

connector (4 mm) 

40 

 
1 It is also possible to use a pump for the water circulation (forced circulation). 
2 It can be other material, like wood, but it is needed to line it with an insulating material. 
3 Lenght, Wide, Height 
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5.  Double barbed elbow 

[L type] 

4 

16x16 

6.  Water container 1 

7.  Threaded PVC wall 

ÂÕÓÈÉÎÇ ϵȱ 

2 

8.  Reducing coupling 

connection 

½ x 16mm  

2 

9.  Hose plug 2 

 

Figure 1. Materials    Figure 2. Expanded polystyrene box 

2ÅÑÕÉÒÅÄ ÔÏÏÌÓ 

1. Hole punch with extractor 

2. Pliers (optional) 

3. Drill  

4. Flat-drill for creating a circular hole 

5. Scissors 

6. Cutter 

7. Adhesive4 

 

#ÏÎÓÔÒÕÃÔÉÏÎ ÓÔÅÐȤÂÙȤÓÔÅÐ ɉ×ÉÔÈ ÉÌÌÕÓÔÒÁÔÉÏÎÓɊ 

1. Cut out the base of the expanded polystyrene in case it is too tall5. 

TIP: The base can be a darker colour to retain more the heat. 

2. Measure the box, in order to cut the pipe according to this measure. 

3. Cut the drip irrigation pipes in two pieces that measure around 5 cm more than the box. 

4. Drill a total of four holes in the sides of the box. The holes will be used for passing the drip 

irrigation pipes. 

 
4 )Ô ÃÁÎ ÂÅ ÇÌÕÅȟ ÄÕÃÔ ÔÁÐÅȟ ÓÉÌÉÃÏÎȣ 
5 It if is too tall, it can create shadows. 
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5. Insert the two drip irrigation pipes in the holes, this will be the mainline tubing of the 

thermosiphon. 

6. Mark the edges of the pipes, according to the edge of the pipe with the box (the inside part). 

7. Measure the distance among the two pipes from side to side. 

8. Trim the micro drip irrigation tubes according to the length among the two pipes. In this case, a 

total of 20 tubes were trimmed. 

9. Punch holes in the mainline tubing with the hole punch. A total of 20 holes per pipe. 

10. Attach the barbed connectors in the two parts of the micro drip irrigation tubes that have been 

trimmed. A total of 40 barbed connectors were needed for the 20 micro tubes. 

TIP: Drown the ends of the micro drip irrigation tubes in hot water in order to 

temporarily soft the tubing and push the barbed connectors easier into them. 

11. Insert the barbed connectors attached to the micro tubes in the mainline tubing. 

TIP: use pliers to place the barbed connectors in the holes of the mainline tubing. It 

will make the process easier. 

12. Attach the double elbows in the outside part of the mainline tubbing. A total of four double 

elbows are needed. 

13. Mark the places where the holes will be created in the water container. 

14. Drill two circular holes in the water container to place the threaded PVC wall bushings.  

OPTIONAL: in case it is not possible to insert the wall bushings through the container, 

the upper part of the container can be cut to fit the pieces into their places. 

15. Place and screw the wall bushings in the holes of the water container. 

16. Screw the female thread in the wall bushings. 

17. Place the connectors that will go from the double elbows to the wall bushingsȭ ÆÅÍÁÌÅ ÔÈÒÅÁÄÓ 

for linking the water container with the box. 

18. In order to concentrate the heat in the box, a poly methyl methacrylate glass is used. Place it and 

attach it on the box. 

OPTIONAL: If the glass is not the size of the box, it will be necessary to custom-made 

its size to adapt it. 

19. In order to have an inclination, it will be necessary to create an extra support base that raises 

the water container and the solar base. 

TIP: If you had to cut the base, use the remnants of the expanded polystyrene to create 

the inclination. 
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IMPORTANT: for making possible the thermosiphon effect and have a natural 

circulation of water, it is necessary that the upper exit of the solar collector is at a 

lower level to the entrance of the upper entrance of the water container. 

Figure 3. Thermosiphon effect (CC BY-SA 3.0)6  

20. Place the thermosiphon, linking the extra support bases and measure the distance from wall 

bushingsȭ ÆÅÍÁÌÅ ÔÈÒÅÁÄÓ ÔÏ ÔÈÅ ÅÌÂÏ×Ó ÁÎÄ ÃÕÔ ÔÈÅ ÄÒÉÐ ÉÒÒÉÇÁÔÉÏÎ ÐÉÐÅÓ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÉÓ 

measurement. This will be used for linking the water container and the base. 

21. Connect the water container with the expanded polystyrene box with the two custom-made drip 

irrigation pipes. 

22. Glue the extra support in the water container and the box with adhesive. 

THERE YOU HAVE YOUR THERMOSIPHON! 

 

  

 
6 https://commons.wikimedia.org/w/index.php?curid=793066   

Water heater with 

thermosiphon (schematic): 

1: to the water tap 

2: insulated tank 

3: hot water inlet 

4: flat solar collector 

5: fresh water inlet 

https://commons.wikimedia.org/w/index.php?curid=793066
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,ÅÔȭÓ ÔÒÙ ÉÔ ÏÕÔȦ 

In order to test the thermosiphon, place the prototype in a place 

where the sun rays and let it be for a few hours. You can test the 

temperature of the water in advance. 

After having the thermosiphon in the sun for a few hours, you 

can measure the temperature of the upper water container and 

the water in the bottom. If the thermosiphon is working, there 

will be an important difference in temperature. 

 

 

(Ï× ÄÏÅÓ ÉÔ ×ÏÒËȩ 

In this simple prototype of a thermosyphon solar water heater, the main body of water (water 

container) is located at the highest point in the system. The water is displaced downward from the water 

tank in the water tube (which runs out near the base of the tank). 

Heated water becomes less dense than cold water, so it rises into the tubes that run back to a point about 

of the water container. The phenomenon that causes heated liquid to run upward is called natural 

convection.  

Heat, plus a syphoning effect, are the two keys to a free-circulating system. 

Meanwhile back at the tank, something called stratification is taking place. Water keeps circulating 

slowly in the tank too, but gradually colder water settles to the bottom of the tank while the hotter water 

remains near the top. So, there are several different temperature levels. 

 

!ÕÄÉÏȤÖÉÓÕÁÌ ÍÁÔÅÒÉÁÌ 

This material is an extra help for the step-by-step explanation. 

Here is the link: https://youtu.be/QcAHHdUoQnY  

  

https://youtu.be/QcAHHdUoQnY
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4ÅÍÐÅÒÁÔÕÒÅ ÁÎÄ ÈÕÍÉÄÉÔÙ ÓÔÁÔÉÏÎ 

$ÅÓÃÒÉÐÔÉÏÎ 

This temperature and humidity station has been used in order to obtain information about the soil. In 

order to transfer the information received by the station, the Arduino system transform it into readable 

data. 

Arduino systems are open-source electronics platforms based on easy-to-use hardware and software. 

An Arduino board can read inputs and turn it into data (this data can be showed on a LED display, an 

online platform, etc.).  

In this prototype, an Arduino for reading the soil humidity and temperature is built, using a solar panel 

to obtain the necessary electricity to make it work. The Arduino will display the information in an online 

platform, for a more comfortable remote controlling. In case it is preferred, a LED display can also be 

used, but the consumption of the screen will need to be updated in the calculations. 

 

0ÅÄÁÇÏÇÉÃÁÌ ÏÂÊÅÃÔÉÖÅÓ 

- Enhance the understanding of the real-world technology 

- English competences 

- Improve the understanding of renewable energies in farming 

- Acquire knowledge by constructing functional equipment 

- Basic formulas for obtaining specific data related with solar power 

 

2ÅÑÕÉÒÅÄ ÍÁÔÅÒÉÁÌÓ ÁÎÄ ÔÏÏÌÓ 

DESCRIPTION UNITS 

Temperature 

and humidity 

system 

KeeYess7 1 

Battery 5V 1 

PV panel 10W 

OR 

PV panel 18W 

1 

 

1 

Humidity 

sensor 1  

Temperature 

sensor 1 

 
7 )Ô ÉÎÃÌÕÄÅÓ Á ρȢσȱ ÌÁÒÇÅ /,%$ ))# ÄÉÓÐÌÁÙ ÍÏÄÕÌÅȟ ÃÏÍÂÉÎÅÄ ×ÉÔÈ ÔÈÅ %30ψςφφ .ÏÄÅ-#5 ÁÎÄ "-%ς80 module to obtain 
weather data. 
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#ÁÌÃÕÌÁÔÉÏÎÓ 

 

ὅέὲίόάὴὸὭέὲ ὡὬȾὨὥώ 
άὃϽὠ ςτÈ

ρπππ
 

 

CONSUMPTION 

 
Consump. 

(mA) 

Voltage 

(V) 

Consump. 

(Wh/d ay) 

Arduino board 70  
 

H & T sensors 2,5  
 

Soil humidity 5  
 

TOTAL 77,5 3,3 6,138 

 

ὄὥὸὸὩὶώ ὃόὸέὲέάώ Ὤ  
ὄὥὸὸὩὶώ ὧὥὴὥὧὭὸώ άὃὬ

ὅέὲίόάὴὸὭέὲ άὃ
 

 

AUTONOMY (without sun)  

Battery capacity 

(mAh) 

Hours  

(h) 

Days  

(d) 

2000 25.81 1.08 

5000 64.52 2.69 

10000 129.03 5.38 

20000 258.06 10.75 

 

 



4ÅÁÃÈÅÒÓȭ ÄÏÓÓÉÅÒȡ ÐÒÁÃÔÉÃÁÌ ÐÒÏÊÅÃÔÓ ÉÎ ÔÈÅ ÃÌÁÓsroom 

  

The following table shows the PV production for 3 different PV module powers (5, 10 and 18Wp), based on data extracted from PVGIS for the LowCarbon 

Economy location, and for a PV module tilt of 30º and 0º azimuth. 

 

PRODUCTION 

Fixed irradiation  (W/m2)  

5 Wp 10 Wp 18 Wp 

Production 

(Wh/d)  

Production (Wh/d)  Production (Wh/d)  

JANUARY JUNE JANUARY JUNE JANUARY JUNE 

0:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

1:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

2:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

3:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

4:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

5:00 0 0.00 0.09 0,00 0,19 0,00 0,34 

6:00 0 0.00 0.42 0,00 0,84 0,00 1,51 

7:00 0 0.00 1.09 0,00 2,19 0,00 3,93 

8:00 32,86 0.14 1.82 0,27 3,64 0,49 6,55 

9:00 71,57 0.30 2.52 0,59 5,03 1,06 9,06 

10:00 543,92 2.24 3.05 4,49 6,10 8,08 10,98 

11:00 647,54 2.67 3.36 5,35 6,71 9,62 12,08 

12:00 683,57 2.82 3.52 5,64 7,03 10,16 12,66 

13:00 656,57 2.71 3.32 5,42 6,64 9,76 11,96 

14:00 542,42 2.24 2.94 4,48 5,88 8,06 10,58 

15:00 394,19 1.63 2.37 3,25 4,74 5,86 8,54 

16:00 36,37 0.15 1.62 0,30 3,25 0,54 5,84 

17:00 0,03 0.00 0.89 0,00 1,77 0,00 3,19 

18:00 0 0.00 0.26 0,00 0,52 0,00 0,94 
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19:00 0 0.00 0.03 0,00 0,07 0,00 0,12 

20:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

21:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

22:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

23:00 0 0.00 0.00 0,00 0,00 0,00 0,00 

TOTAL  14.90 27.30 29,79 54,61 53,63 98,30 

 

As can be seen in the data obtained, the daily photovoltaic production of a 5 Wp photovoltaic module (14.9 Wh/d) would be more than enough to produce 

the daily energy required by the system (6,138 Wh/d). 

 



4ÅÁÃÈÅÒÓȭ ÄÏÓÓÉÅÒȡ ÐÒÁÃÔÉÃÁÌ ÐÒÏÊÅÃÔÓ ÉÎ ÔÈÅ ÃÌÁÓsroom 

  

#ÁÌÃÕÌÁÔÉÏÎÓ ÓÔÅÐȤÂÙȤÓÔÅÐ ɉ×ÉÔÈ ÉÌÌÕÓÔÒÁÔÉÏÎÓɊ 

1. First of all, we need to calculate the consumption . In order to do this, we calculate the daily 

energy consumption of the weather station as the sum of the consumption of the individual 

components. 

For example: 

Á NodeMCU (Arduino): 70 mA at 3.3V 

Á Temperature and humidity sensor: 2.5 mA at 3.3V 

Á Soil moisture sensor: 5 mA at 3,3V 

ὈὥὭὰώ ὧέὲίόάὴὸὭέὲ
χπςȢυ υ

ρπππ
 ὃ σzȟσὠ ςzτὬφȟρτ ὡὬ 

2. Secondly, we continue with the production, caldulating the peak power of the photovoltaic 

panel . For the calculation of the peak power of the PV panel it is necessary to know the solar 

production that can be obtained at the location of the weather station. 

This information can be obtained with the PGIS website tool:  

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html   

a. Access to the website 

 

b. Select the location on the map 

 

https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
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c. In the installed peak PV power [kWp]  box, select 1 kWp for the calculation. 

 

d. Activate the optimise slope checkbox. 
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e. Click on the button to visualize results. 

 

f. On the left side, it indicates the slope angle for the chosen location. 
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g. In the graph, we place the cursor on the month with the lowest production, in order to 

calculate the worst-case scenario. 

In the example, the month of December has a monthly production of 111.07 kWh/month 

per 1 kWp installed. 

 

h. Calculate the daily production  by dividing the above figure by the number of days in 

that month. 

ὈὥὭὰώ ὴὶέὨόὧὸὭέὲ
ὓέὲὸὬὰώ ὴὶέὨόὧὸὭέὲ

Π Ὠὥώί ὴὩὶ άέὲὸὬ
 

In the example: 

ὈὥὭὰώ ὴὶέὨόὧὸὭέὲ
ρρρȟπχ

ὯὡὬ
άέὲὸὬὯὡὴ

σρ ὨὥώίȾάέὲὸὬί
σȟυψ

ὯὡὬ

ὨὥώὯὡὴ
σȟυψ

ὡὬ

Ὠὥώὡὴ
  

 

i. It will be necessary for the energy produced by the system to be greater than the energy 
consumed, therefore: 

ὈὥὭὰώ ὴὶέὨόὧὸὭέὲὈὥὭὰώ ὧέὲίόάὴὸὭέὲ 

The peak power of the panel is calculated using the following formula: 

ὖὩὥὯ ὴέύὩὶ ὡὴ
ὈὥὭὰώ ὧέὲίόάὴὸὭέὲ ὡὬȾὨὥώ

ὈὥὭὰώ ὴὶέὨόὧὸὭέὲ 
ὡὬ

ὡὴὨὥώ

 

In the example: 

ὖὩὥὯ ὴέύὩὶ ὡὴ
φȟρτ ὡὬȾὨὥώ

σȟυψ 
ὡὬ

ὡὴὨὥώ

 

ὖὩὥὯ ὴέύὩὶ ὡὴ ρȟχς ὡὴ 

The peak power of the PV panel to be selected for the example project shall be at least 

1.72 Wp. 

3. Now, it is time to calculate the batter y capacity . 
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a. The capacity of the battery will depend on the autonomy of the system and its 
consumption. 

ὄὥὸὸὩὶώ ὧὥὴὥὧὭὸώ ὡὬ ὈὥὭὰώ ὧέὲίόάὴὸὭέὲ ὡὬ ὃόὸέὲέάώ Ὠþὥί 

ὄὥὸὸὩὶώ ὧὥὴὥὧὭὸώ άὃὬ ὄὥὸὸὩὶώ ὧὥὴὥὧὭὸώ
ὡὬ

ὠ
ὄὥὸὸὩὶώ ὧέὲίόάὴὸὭέὲ ὠ ρπππ 

Following the example and for an autonomy of 5 days, the required battery capacity would be: 

ὅὥὴὥὧὭὨὥὨ ὦὥὸὩὶὭὥ ὡὬ φȟρτ ὡὬυ Ὠþὥί σπȟχ ὡὬ 

ὅὥὴὥὧὭὨὥὨ ὦὥὸὩὶὭὥ άὃὬ
σπȟχ ὡὬ

σȟχ ὠ
ρπππψȢςωχ άὃὬ 

In the example for an autonomy of 5 days the battery capacity will have to be greater than 30.7 

Wh (8,297mAh at 3.7 V). 

4. After having all the calculations, it is possible to know which solar panel we need to power up 

the humidity and temperature station, following the construction instructions of the selected 

station. 

5. In order to extract the data from the station to a remote equipment, it is possible to do so if the 

station has wifi connection, and it can be sent to the following tool: Ubidots at 

https://ubidots.com/   

!ÕÄÉÏȤÖÉÓÕÁÌ ÍÁÔÅÒÉÁÌ 

This material is an extra help for the step-by-step explanation of our selected temperature and humidity 

station. 

Here is the link: https://youtu.be/XRxYTHoQ9j8  

 

https://ubidots.com/
https://youtu.be/XRxYTHoQ9j8
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%ØÐÅÒÉÍÅÎÔÁÌ ÐÒÏÔÏÔÙÐÅÓ 

László Lakatos, Tamás Misik and Csaba Patkós (EKCU) 

'ÒÅÅÎÈÏÕÓÅÓ ÁÎÄ ÆÉÌÍ ÔÅÎÔÓ ÁÒÅ ÏÎÅ ÏÆ ÔÈÅ ÅÁÓÉÅÓÔ ×ÁÙÓ ÔÏ ÕÓÅ ÓÏÌÁÒ 

ÅÎÅÒÇÙ 

/ÐÅÒÁÔÉÏÎ ÏÆ ÇÒÅÅÎÈÏÕÓÅÓ ÁÎÄ ÆÉÌÍ ÔÅÎÔÓ 

In greenhouses or film tents, the covering material largely transmits sunlight, i.e., short-wave radiation, 

but retains a significant part of the long-wave, so-called heat radiation. Due to this, the temperature 

inside the greenhouses and foil tents can be up to several degrees higher. As a result of the higher 

temperature, the evaporation of the plant or soil surface will also be more intense in the interior, i.e., 

not only higher temperatures but also higher humidity can be experienced in greenhouses and film 

tents. 

7ÈÙ ÄÏ ×Å ÕÓÅ ÇÒÅÅÎÈÏÕÓÅÓȩ 

Through the use of greenhouses, we have the opportunity to grow before and after the growing season. 

That is, by using it, we can extend the length of the growing season and also protect our crops from the 

effects of adverse weather conditions (frost, ice, windstorm). 

-ÁÔÅÒÉÁÌÓ ÆÏÒ ÇÒÅÅÎÈÏÕÓÅÓȟ ÆÏÉÌ ÔÅÎÔÓ 

Greenhouses can be made of single or insulated glass or polycarbonate sheet. The material of the foil 

tents is a UV-stable transparent foil, which transmits short-wave radiation well, but retains the long-

wave radiation in the space of the foil tent (Fig. 1). 

Figure 1 UV filter EVA film tent 

EVA films consist of three layers: the outer layer traps UV rays that are harmful to plants, the other 

prevents high-wavelength heat rays from escaping the system, and the third layer ensures the strength 

of the film. On the side facing the inside of the film housing, EVA films are often treated with a 

dehumidifying additive to prevent condensation. 

4ÙÐÅÓ ÁÎÄ ÆÏÒÍÓ ÏÆ ÇÒÅÅÎÈÏÕÓÅÓ ÁÎÄ ÆÉÌÍ ÔÅÎÔÓ 
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There are two basic types of greenhouses: attached to a building or free-standing. The greenhouses 

connected to the building usually have a much smaller floor area, mainly for growing seedlings or as a 

conservatory. The building to which it is attached also provides protection and heating for the 

greenhouse or foil house. The connection to the building can be made not only through the ground but 

even through the window (Figure 2). 

 

Figure 2 Design forms of greenhouses connected to a building 

Freestanding greenhouses usually have a symmetrical design, but there are also asymmetrical 

greenhouses. Their design varies from country to country (Figure 3). The main purpose of the design is 

to provide continuous radiation to the plants in it during the day and to provide adequate protection 

against the effects of adverse weather conditions, such as hail or frost. 

 

Figure 3 Types of free-standing greenhouses 

Their area allows for large-scale cultivation, but they are also suitable for hobby gardening in small 

gardens. Foil tents and greenhouses can only be used in winter, in countries with colder climates, with 

heating. 

#ÈÉÎÅÓÅ ÔÙÐÅ ÆÏÉÌ ÔÅÎÔ 

The use of a foil tent is very common in China. Over the centuries, a special foil tent shape has been 

developed that allows efficient vegetable production even in winter (Figure 4). 




















































