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| AEAADEODBEO 11 AOI A

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 scgmjects that can

be implemented in VET agricultural courses. The classroom can be adapted and include thes:=
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 incluéd 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 created2 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.



Innovative learning experience for VET studies in energy fdarming
2020-1-ESO1IKA202-082440

0 OAAGEA AKIAAOO DHOI O OUPAO ET OEA Al
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AEAOI T OEPET I

$ AOCAOCEDOEIT 1

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

that captures solar radiation, but also a thenal 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 followpngtotype,

the circulation of the water from the collector to the tank is done by natural circulatioh taking
advantage of the different densities between cold and hot water (thermosiphon).

The thermosiphon effect is when the hot water goes up to the tarbecause 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.

-

0 AAIAGCEAAT 1T AEAAOEOAO
- Teaching about water density
- Teaching about the thermosiphon effect
- Calculating lengths
- Understanding solar power

- Applicable usages of solar energy

2ANOEOAA [ AGAOEAI O

MATERIAL UNITS
1. Expanded polystyrené 1
box 42 5x35x108
2. Drip irrigation pipe 1
(16 mm) 160 cm
3. Micro drip irrigation 1
tubing (3 mm 640 cm
diameter)
4, Drip irrigation barbed 40

connector (4 mm)

11t is also possible to use a pump for the water circulation (forced circulation).
2|t 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 4
[L type] 16x16

6. Water container 1

7. Threaded PVC wall 2
ABOEET C €&

8. Reducing coupling 2
connection
2 x 16mm

9. Hose plug 2

Figure 1. Materials Figure 2.Expanded polystyrene box
2ANOEOAA OiIT10
1. Hole punch with extractor 5. Scissors
2. Pliers (optional) 6. Cutter
3. Drill 7. Adhesivet
4, Flat-drill for creating a circular hole

#1171 O0O0O0OADAHIOAPOGRAEDEOOAOET T OQ
1. Cut out the base of the expanded polystyrene in case it is too %all
TIP: The base can be a darkeolour 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.

4y 0 AAT AA ci OAh AOAO OAPAR OEI EAITT S8
51t if is too tall, it can create shadows.

3
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Insert the two drip irrigation pipes in the holes, this will be the mainline tubing of the
thermosiphon.

Mark the edges of the pipes, according to the edge of the pipe with the box (the inside part).
Measure the distance among the two pipes from side to side.

Trim the micro drip irrigation tubes according to the length among the two pipes. In tlsi case, a
total of 20 tubes were trimmed.

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

Attach the barbed connectors in the two parts of the micro drip irrigation tubes that have been
trimmed. A total of 40 barbed canectors 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.

Insert the barbed connectors attached to the micro tués 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.

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

Mark the places where the holes will be created in the water container.
Drill two circular holes in the water container to place thehreaded PVC wall bushings

OPTIONAL: in case it is not possible to insert theall bushingsthrough the container,
the upper part of the container can be cut to fit the pieces into their places.

Place and screw thavall bushingsin the holes of the water container.
Screw the femalehread in the wall bushings.

Place the connectors that will go from the double elbows to theall bushingsd A£AT Al A
for linking the water container with the box.

In order to concentrate the heat in the box, a poly methyl methacrylate glass is uséthce it and
attach it on the box.

OPTIONAL: If the glass is not the size of the box, it will be necessary to custoade
its size to adapt it.

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, se the remnants of the gpanded polystyreneto 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 thevater container.

Water heater with
thermosiphon (schematic):
1: to thewater tap

2: insulated tank

3: hot water inlet

4: flat solar collector

5: fresh water inlet

5

Figure 3. Thermosiphon effect CC BYSA 3.0%

20. Place the thermosiphon, linking the extra support bases and measure the distance fravall
bushingd A£AT AT A OEOAAAOG O1 OEA ATl AT xO AT A AGO
measurement. This will be used for linking the water container and the base.

21. Connect the water container with the &panded polystyrenebox with the two custom-made drip
irrigation pipes.

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

THEREYOU HAVE YOUR THERMOSIPHON!

6 https://commons.wikimedia.org/w/index.php?curid=793066
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In order to test the thermosiphon, place the prototype in a place

where the sun raysand 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 watecontainer and
the water in the bottom. If the thermosiphon isworking, there
will be an important difference in temperature.

(T x ATAO EO xI1 OEe
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 systenilhe water is displac& downward from the water
tank in the water tube (which runs out near the base of the tank).

Heated waterbecomes less dense than cold water, so it rises into the tudibat run back to a point about
of the water container. The phenomenon that causeleated liquid to run upward is called natural
convection.

Heat, plus a syphoning effect, are the two keys to a fre@rculating system.

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

| OABEOOAT | AOAOEAI
This material is an extra help for the stegby-step explanation.

Hereis the link: https://youtu.be/QcAHHdUoQnY



https://youtu.be/QcAHHdUoQnY
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AAl PAOAOOOA A OGEIITEAEOU
$ AOCAOEDOEIT I
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 opersource electronics platforms based on eastp-use hardware and software.
An Arduino board can read inputs and turn it into data this data can be showedn a LED display, an
online platform, etc.).

In this prototype, an Arduino for reading the soil humidity and temperatures built, using a solar panel
to obtain the necessary electricity to make it work. The Arduino will display té 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.

OAAACT CEAAI T AEAAOEOAO
- Enhance the undestanding of the realworld technology
- English competences
- Improve the understanding of renewable energies in farming
- Acquire knowledge by constructing functionalequipment

- Basic formulas for obtaining specific data related with solar power

2ANOGEOABAIN AOAIOA OI 110
DESCRIPTION UNITS
Temperature
and humidity
system
KeeYess 1
Battery 5V 1
PV panel 10W
OR
PV panel 18W 1
Humidity
sensor 1
Temperature
sensor 1

)6 E1 Al OAAO A p80d 1 AOCA /,%$ ))# AEODI AU 80imAddIeth Gbtaidi | AET AA

weather data.

>
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AOlI ACGEITO
GEEi 0GNTTBED — ?)“T’[nfTT =
CONSUMPTION
Consunp. Voltage Consunp.
(mA) (V) (Wh/d ay)
Arduino board 70
H & T sensors 2,5
Soil humidity 5
TOTAL 775 3,3 6,138

0 WO 0d0 @t £ £ W

6 M0 0 @D PO WBR®

6€¢&i 0anNOEQE &

AUTONOMY (without sun)

Battery capacity Hours Days
(mAh) (h) (d)
2000 25.81 1.08
5000 64.52 2.69
10000 129.03 5.38
20000 258.06 10.75




4 AAAEAOOG

pOoi EAAOO ET OEA Al AO

The following table shows the PV production for 3 different PV module powers (5, 10 and 18Wp), based on data extracted frafGFs for the LowCarbon
Economy location, and for a PV module tilt of 30° and 0° azimuth.

PRODUCTION
5Wp 10 Wp 18 Wp
Fixed irradiation (W/m2) Production Production (Wh/d) Production (Wh/d)
(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
12:00 683,57 282 | 3.52 5,64 7,03 10,16 12,66
13:00 656,57 271 3.32 5,42 6,64 9,76 11,96
14:00 542,42 224 294 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| 0.08 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 etitan enough to produce
the daily energy required by the system (6,138 Wh/d).



4AAAAEAOO8 AT OOEAOd DA OEAATI DPOI EAAOO
#A1 AOI AOAMGRABREOE EI 1 OOOOAOETT OQ
1. First of all, we need to calculate theonsumption . In order to do this, we calculate the daily

energy consumption of the weather station as the sum of theonsumption of the individual
components.

For example:
A NodeMCU (Arduino): 70 mA at 3.3V
A Temperature and humidity sensor: 2.5 mA at 3.3V

A Soil moisture sensor: 5 mA at 3,3V

00 iR | 6 & i B Y 52 iz ¢ T Qb ©Q
—Qet——
d PTTT

2. Secondly, we cotinue 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

m PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM
European
European Commission > EU Saence Hub > PVGIS > Interactive tools
n Cursor: Use terrain shadows:
= n Selected: Select location! sleuatd o
Elevation (m). Upload horizon file Ningun archivo selecciongdo
Solar radiation database’ v
ystal v
KWe) 1
|
I imuth
Address m LatlLon m e

b. Select the location on the map


https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
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L PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

European
Commission

European Commission > EU Science Hub > PYGES > Interactive tools

Home Tools Downloads ~ Documentation Contact us

e e (o i || S -

[+ Cursor: Use terrain shadows:
B Selectad: 39.824, 0231 Calculated horizon [ e |
Elevation (m): 121 OUpload horizon fle Selecciona > | Ningdn archivo selecciongdt
o crbcomEeTE PERFORMANCE OF GRID-CONNECTED PV
I TRACKING PV Solar radiation database” PVGIS-SARAH v
e | oFFGRD. PV technology” Crystalline silicon v
Installed peak PV powrer | 1
NONTHLY DATA .
PR i ov-2281 ] 3 I System loss [%] 1
v = I [ Fixed mounting options
20 y Mounting position * Free-standing v
. La Vall d'Uixé I HOURLY DATA o
S CoMe cnts T Orngs e Slope [T 35 () Optimize slope
o e
"9 S5 O v-2260 I Ty Azimuth [F] 0 [0 Optimize slope and azimuth
Gr(u)io,\esus [ PV electricity price
fero 28 PV system cost (your currency)
Interest [%/year]
@ g S
% fetime [years|
Py .
&%
L, i a
_ 5 ® Visualize results o m
Address Eg.lspra, Maly LatlLon Got

c. Inthe installed peak PVpower [kWp] bo

3 PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

e

European
Commission

European Commission > EU Science Hub > PYGIS > Interactive tools

Home Tools Downloads~ Documentation Contact us

= ov-2281
cocetra 855
van
La Vall d'Vixé

Calle Octavio Ten  Orengs ]
cv-2260

263

o

253

Terrer de.
Garut

Grupo Colonia’
Carmaday .

i |

Industrial

Address Eg lspra, taly| [JESN) LatlLon

d. Activate the optimiseslope checkbox.

X, select 1 kWp for the calculation.

Cursor: Use terrain shadows:
Selected:  39.824, -0.231 Calculated horizon
Elevation (m): 121

GRIDCENNECTED PERFORMANCE OF GRID-CONNECTED PV

Ningun archivo seleccion:

(Upload horizon file

TRACKING RV Solar radiation database” PVGIS-SARAH -
OFF.GRID PV technology” Crystalline silicon v

Installed peak PV power [kKWp] 1
MONTHLY DATA Systemloss (" M
T Fixed mounting options

Mounting position * Free-standing v
HOURLY DATA Sloos [T

lope 7] 35 Optimize slope

Azimuth [T 0
[ PV electricity price

PV system cost (your currancy)
Interest [%

i O Optimize slope and azimuth

Lifetime [years]

® Visualze results

=
N
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European
Commission

European Commission > EU Science Hub > PUGIS > Interactive tools.

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

e o | || e -

Home Tools Downloads Documentation Contact us
Cursor: Use terrain shadows:
Selected:  39.824, 0.231 Calculated horizon
Elevation (m): 121 (OUplead horizon file Selecciona Ningdn archivo
L oo PERFORMANCE OF GRID-CONNECTED PV
I TRACKING PV Solar radiation database” PVGIS-SARAH v
e ; I e PV technology™ Crystalline silicon v
Installed peak PV power [kWp]" 1
ONTHLY D .
e e 1 | System loss [%] I
e I DALy DaTa Fixed mounting options
i 4 Mounting position * Free-standing v
: A La Vall d'Uixé | HOURLY DATA ope
% S, Cate Octavio ren | Slope [T 35 O Optimize slope
e Orenga +7] P
O i 2260 I . Azimuth [ 0 (] Optimize slope and azimuth
G'(“]i" Jesus [ PV electricity price
IS Zai tem cost (your currency)
(0] Colonia'Segarra o
£ e Lifetime [years]
-
§
s o -
Address. Eg.Ispra, It LatiLon Eg. 45.815|[ Eg. 8611

e. Click on the button tovisualize results.

European
Commission

European Commi

PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

ion > EU Science Hub > PVGIS > Interactive tools

f.

Summary

Provided inpuls
Location [Lat/Lon]:
Harizon

Database used

PV technology:

PV installed [kWpl:
System loss [%]:

Slope angle []
Azimuth angle [7):
Yearly PV energy production [kWh]
Yearly in-plane irradiation [kWh/m®]
Year-o-year variability [KWh]
Changes in output due to

Angle of incidence [%]:

‘Spectral effects [%]

Temperature and low irradiance [%)]
Total loss [9%]:

‘Simulation outputs:

[ co | Eg 45815/ Eg 8611

PERFORMANCE OF GRID-CONNECTED PV: RESULTS

GRIpCoNIECTED PERFORMANCE OF GRID-CONNECTED PV :

Home Tools Downloads~ Documentation Contact us
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g. Inthe graph, we place the cursor on the month with the lowest production, in order to
calculate the worstcase scenario.
In the example the month of Decembehasa monthly production of 111.07 kWh/month
per 1 kWp installed.

J © PV output ® Radon | @i | & PDF L
Summary Monthly energy output from fix-angle PV system Outiine of horizon
3 2 E2
Provided inpus 200
Location [Lat/Lon]: 30.624,-0.231
Horizon: Calcuated

Database used PVGIS-SARAH

PV technology: Crystalline silicon 150 o
PV installed [KWp: 1 PV output
System loss [%]: 14 December: 111.07 kih
Slope angle [*]: 37 (opt) w
Azimuth angle [ 0
‘Yearly PV energy production [kWh]. 1651.88
Yearly in-plane irradiation [kWhim®] 209634 50 -
‘Year-to-year variability [KVWh] 4313 - ——
Changes in output due to:

Angle of incidence (%] 251

057 0 I Horizon neight °
Jan Feb Mar Apr May dur Jul Aug. Sep MNov. D

Speciral effects [%]
. p n —- Sun neight, June
Temperature and low irradiance [%] 6.55 ot - Sun height, December
Total loss [%]: 212

PV energy autput [k

h. Calculate thedaily production by dividing the above figure by the number of days in
that month.

In the example:

b ot Y
06 QiGE QO b oQeta & &2 2ON 5 3

— ————, O
oGO & ED giwdhoor] giwom)n

i. Itwill be necessary for the energy produced by the system to be greater than the energy
consumed, therefore:
OwQNIE Q6 wAOGEB&E | 60 an o QE &
The peak power of the panel is calculated using the following formula:
e L OO Q&R O G HUOCKIECED
DV QWR L Qin nw -

06 icé Q6 O : Q.

In the example:
op TOTQAD W

- wQ
oty lIJoor] Quww

0 QM@ 0 QN

DG o @A pik @i

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 thebatter y capacity .
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a. The capacity of the battery will depend on the autonomy of the system and its
consumption.

6 00 0D RO WD VOO Qu&k | 6 & NS & 0 ¢ & Qiddo
0 WO 0 O WdRW 6 WO o@mrqnwea—us)%eomuo odd & 6 & nud PaTaT T
Following the example and for an autonomy of 5 days, the required battery capacity would be:
6N OORAGALTQM ¢p W QUi o fxnQ
00N OwRWGQB &X oG p T TR wi 0Q

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 knowvhich 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/

| OABEOOAI | AOAOEAI
This material is an extra help for the stegby-step explanationof our selected temperature and humidity

station.

Here is the link: https://youtu.be/XRxYTH0Q9i8
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In greenhouses or film tents, the covering material largely transmits sunlight, i.e., shesave radiation,

but retains a significant part of the longwave, socalled heat radiation. Due to tis, 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.

7EU Al xA OOA COAATEI OOAOe
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 ¢hgrowing season and also protect our crops from the
effects of adverse weather conditions (frost, ice, windstorm).

- AOAOEAT O &£ O COAATET OOAOh &£ EI OAT OO
Greenhouses can be made of single or insulated glass or polycarbonate sheet. The material of the foil

tents is a UVstable transparent foil, which transmits shortwave radiation well, but retains the long
wave radiation in the space of the foil tent (Fig. 1).

-~ s
24y .

' Figure 1 UV filter EVA film tent

EVA films consist of three layers: the outer layer traps Ukays 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.

4UPAO AT A A Oi O I £ COAATET OOAO AT A EEI
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There are two basic types of greenhouses: attached to a building or fre&anding. The greenhouses
connected to the building usually have a much smaller floor area, mainlyrfgrowing 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 gsis

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 freestanding greenhouses

Their area allows for largescale 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.

#EET AOA OUPA &I EI OATO
The use of a foil tent is very common in Cha. Over the centuries, a special foil tent shape has been
developed that allows efficient vegetable production even in winter (Figure 4).
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