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1. Introduction

This documentpresents structure and outcomes ofTheGreefaproject (Horizon 2020 R&l
Programme, CallCFNR06-2020, GrantAgreement no10100080}, andprovidesan overview of
its main phases and achievements.

1.1. Gonsortium
TheGreefds a research and innovation project funded by the European Commiasbmnealised
by 12 partners from7 countries(Fig.1). The consortium, a team of research institutions, SMEs,
agricultural operators and legal experts, has been formed to ensure a balance of skills and expertise
for the development of a costffective and innovative technology which will significantly reduce
the use of fossil energy in agriculture.

-

Figurel. TheGreefaonsortium partners

1.2. Project outlines
The scope of the project is the development atebting of a coseffective and innovative
technology which will significantly reduce the use of fossil energy in agriculture.

The proposed solutions of TheGreefa directly align with the EU's key objectives to increase the use
of renewable energy by agriculture, where greenhouses are assuming more and more importance.
In the developed countries a high quality of life concerns ey the diet, which must be fresh,
healthy and varied. Long transport routes are often necessahe transport of fresh fruit and
vegetables causes high £@missions and a significant proportion of the food's environmental
footprint. The poor regionsvith adverse conditions for cultures cannot afford the import of food.
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For both cases, the greenhouses with dryer and water recovery will represent the right solution as
long as they satisfy the following requisites as TheGreefa does.

1.3. Concept

The focus of TheGreefa is on applications for greenhouses and for drying processes. The greenhouse
technology includes applications for greenhouse climate control, including heating, cooling and air
humidity control. The proposed technology uses liquidceEnts, secalled ThermeChemical Fluids

(TCF). Typical TCFs are salt solutions based on sodium hydroxide or magnesium chloride. The
common effect in all applications is the hygroscopic properties of the TCF, allowing uptake of water
vapour from the air hhus also releasing sensible heat converted from latent heat stored in the
vapour. To give an approximation of the process:

1 1 ton of air humidity absorbed into the TCF, according to the phase change involved in
energy, releases 680 kWh of heat (right parEa@ure2). The humidity is then condensed to
liquid water.

1 The uptake of water dilutes the TCF. When the TCF is diluted to a certain degree, the process
cannot be continued and the TCF must be regenerated. The absorbed water must be driven
out again.

1 For the reconcentration (regeneration), the same amount of energy as released by the
absorption process shall be reintroduced in the system, again appr. 680 kWh/ton of
SOIFLER2NF ISR ¢FUSNW ¢SYLISNI GdzZNBa 0St2¢ cnc/
regeneration process, the exact temperature depends on the phase equilibrium of pressure
vapour between the TCF and ambient air.

Desorption (solar heat, residua heat) Absorption (temperature/humidity
control, dryin
Diluted TCF ying) Concentrated TCF
0.75 ton
1 ton Water vapor
0.25 ton Released heat
Desorber <. Absorber <L~ 170 kWh/t TCF
¥ P
o
B T T - Humid air >
AR e (0.25 ton water
@ vapor) @

- Diluted TCF Storage
(1 ton)

TCF = Thermo-chemical fluid
Figure2. TheGreefa concept.
The water can be released in the form of water vapour taken up by dry air (left paitywfe2) or
can be condensed and recovered as pure water.

The diluted TCF can be stored and regenerated when the heat is available, for example during sunny
days with solar energy or by residual heat. The concentrated TCF can the stored in simple plastic
containments (e.g. IB@nk for small applications) for &eng as necessary, for example as seasonal
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storage. The shift in time and space between the regeneration process and the effective use of the
TCF is the big advantage of the proposed solution in comparison with existing sorption processes
for example desiccant rotary wheels.

In regeneration mode, the process can be operated with a humidificatiod (evaporative) cooling
effect as additional service.

1.4. Application for greenhouses
Greenhouse heating is the most relevant cost factor for the greenhouse business in Central Europe.
TheGreefa can be applied successfully in those regions reducing the energy amount required for
heating.

This application is explained Fgure3 below, which compares the energy and water flows of a
standard greenhouse (left) with a greenhouse where the proposed technology is installed (right).

)
&
X
Q?
o &S
®
=
o
Transpiration
9 .
a
= | Wetair
v H
2 Y
- ""?« 3

Figure3. Application of the technologies in greenhougestandard greenhouse (left) and the proposed
technology (right).

The total energy consumption (red arrows) will be strongly reduced: on one side there will be a
zeroing of the heat loss for ventilation because the air is recirculated, and the humidity removed by
the TCF. On the other side, heat is released through tisemtion process.

The technology consists of an open coudiew heat and mass exchanger (absorber), which
dehumidifies and heats/cools down the air under the use of TCF by absorption. The absorbed water
can be recovered as pure water. The thermal heat can be seasoneadlstoform of concentrated

TCF. There is and a tirand placeshifted recovery of the thermal heat.

1.5. Application for drying process for food preparation

The process is also very suitable for the drying of agricultural goods like herbs and fruits, which must
be dried immediately after harvesting regardless of the weather conditions.

This application is explained Figure4. The air is dried in an absorber in counterflow with a
concentrated TCF but is not necessarily heated, as heat could harm the leaves/vegetables and affect
their quality. In a closed cycle, the released dry air is then injected into the dryer chamber where
the humidity of the vegetables can be extracted. The diluted TCF can then be stored without thermal
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loss and regenerated when renewable heat (e.g. solar heat) is again avdiateparison to the
state-of-the-art plants using compression dehumidifiers, in a sorptive dryer, the electrical energy
consumption is limited to the operation of fans and liquid pumps, while the thermal energy required
can be entirely provided by a letemperature heat source, e.g. can be renewable (solar heat, waste
heat). After the regeneration process, the energy provided also can be stored without any losses in
form of conentrated TCF.

Heat source

__

Concentrated TCF

]

¥
I = Humid air

—
-+

Concentrated TCF

Humid air

Diluted TCF

®

Ambient air

kY
_
:
Diluted TCF

Dry air

»

Drying chamber Absorber Storages Desorber

Figured. Drying process with the use of absorber and desorber.

1.6. Regeneration of the TCF

After the absorption, the thermochemical fluid has reached the saturation point and is then
insufficient for dryingdehumidificationpurposes. The TCF needs to be regenerated to release the
absorbed water. The regeneration is the opposite process of the absorption. The TCF is taken in
contact with dry air and parts of the water from the TCF solution is evaporated to air passing through
the device. To force the process, a small amount of heat at a low temperature usually is necessary
to increase the air temperature, thus decreasing its relative humiditg temperature level
depends on the vapour pressure equilibrium between air and, TTCEny case, it will be below
cnc¢S aKSIFG¢é A& ai02NBR RdAdINAYy3I (KAA -dundc®dSaa
potential (concentrated TCF).

Desorption (solar heat, residua heat)

Diluted TCF
1ton Water vapor

0.25 ton
Desorber @

Figureb. TCF regeneration.
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The absorption and desorption could take place in the same column (called absorber) in different
periods.The vapour pressure equilibrium between air and TCF will determine in which direction the
water/humidity will flow.

1.7. Fluids utilised in TheGreefa
The thermochemical fluids used in this project are Mg@t NaOH.

MgCI2 is not very commonly used in drying processes because its hygroscopicity is much lower than
the hygroscopicity of LiBr or LiCl; Mg&blutions can reduce the relative air humidity to 30% at
FYOASYG GSYLISNIGdzZNB O6Hnc/ 00X odzi y20 o0St2é6d |
application is in the range of 400%, which means the hygroscopicity of Ma€kufficient

The advantage of MgCis its high availability as it is part of seawater with a concentration in
aSFglFGSNI 2F M {3IkYwZ YR GKS @OSNE 2 0O02aidz ¢
NaOH is used for drying application. The Mgdot suitable due to its low hygroscopicity. For crop
drying, the humidity of air shall be reduced to approx. 10% at the absorber outlet. This is possible
using NaOH, whose availability is also high as well as the cost is low. A limit to the use o NaOH
reaction with C@contained in the air. This reaction does not impact in a significant way the drying
process because the air is recirculated in a close loop absdrgarg chamber.

These two thermochemical fluids are harmless: Mg€la product of the salt preparation for
cooking, while NaOH is used as an ingredient for special bred preparation.
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2. Demonstration of TheGreefa technologies

As already introduced isection1.3, TheGreefa uses liquid desiccantscatied ThermeChemical
Fluids (TCF). Typical TCFs are salt solutions based on $gditoxide or magnesium chloride. The
common effect in all applications is the hygroscopic properties of the TCF, allowing uptake of water
vapour from the air thus also releasing sensible heat converted from latent heat stored in the
vapour. To give an appximation of the process:

T

Desorption (solar heat, residual heat) -~ - .
Diluted TCF
Seasonal storages Storage (1 ton)

1 ton of air humidity absorbed in the greenhouse, according to the phase change involved in
energy, releases 680 kWh of he@ihe humidity (vapor) becomes liquid watdihe effect is

that the greenhouse is heated and dehumidified at the same time

The uptake of water dilutes the TCF. When the TCF is diluted to a certain degree, the process
cannot be continued and the TCF must be regenerated. The absorbed water must be driven
out again.

The diluted TCF can be stored for a long time without any losses, the diluted TCF will be
regenerated, when heat is available.

When heat is available, for example during sudaysor when residual heat is available, the
diluted TCF is transported to the regeneration, which can be in the same place of the
greenhouse or also in another plageft part of Figure6 below)because there are not losses
during the transport. No thermal energy is stored, but the potential to release thermal
energy.

For the reconcentration (regeneration), the same amount of energy as released by the
absorption process shall be reintroduced in the system, again approx. 680 kWf'ton
SOILIR2NF ISR gFGSNY ¢SYLISNY Gdz2NB& 0St2¢ cnc/
regeneration process, the exact temperature depends on the phase equilibrium of pressure
vapour between the TCF and ambient air.

The water can be released in the form of water vapour taken up by dry air or can be
condensed and recovered as pure wategntralpart of Figure6).

The concentrated TCF can be stored as long as it is necessary, and also for a long period.

Water

(e recovery
" Diluted TCF
1ton

Water vapor
0.25 ton

. I.
~3®
Released heat ¢/ Y '/
+s. Absorber @ 170 kWhit TCF
Concentrated TCF ' ,
0.75 ton Tﬂ N ’j}
N
'© {//\§

5. TR A — Humid air
o~ St (0.25 ton water
vagor)

Desorber .~

TCF = Thermo-chemical fluid

Figure6® Cf dzZA RQa f22LJ F2NJ AINBSyYyK2dzaSao®
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TheGreefa is used in continental climate regions to regulate temperature and humidity inside
greenhouses. The use of TheGreefa can reduce the energy required for heating, which in these
regions significantly impacts the overall balance. By controlling ditytwithout opening windows

and thus not releasing heat outside, the heat losses to the outside are reduced. Additionally, the
absorption process releases further heat, further decreasing the energy required for heating. In
Figure7, on the left side, a traditional greenhouse is represented, and on the right TheGreefa
greenhouse. The regeneration process takes place outside the greenhouse and the humid air Is then
released to the atmosphereln the continental region, there is no ed to recover water.

Absorption

Figure7. TheGreefa application compared to the standard greenhouse.

Absorber
The absorber is a very simple component, it is a plastic scrubber filled by random packing. Plastic is
necessary because of the high level of corrosion of the TCF (salt solution).

The air flows from the bottom to the top, and the TCF from the top to the bottom. The packing
increases the contact surface and contact time between the air and the TCF.

To ensure a high absorption grade, it is needed a minimum residence time of the two fluids inside
the absorber. That is done by setting a maximum air velocity and a minimum the TCF flow density.

In the Swiss demonstrator, the residence time is 1.5 secondsvemdalues are fixed 1 m/s for the
air velocity (empty absorber) and 12 m3/(h nf®) the
TCF flow densityThis design parameter results in a
diameter of 0.4 m and an active height of 1.3 m (active
height is the part of the absorber, where there is contact
between air and TCF).

The simple construction is shownkigure9: on the left,

a transparent prototype is used in the ZHAW facility. The
Figures. Packing. GoKAGSE LI NI Aa TFAECESR o0& LI

On the right is the absorber installed in the Swiss demonstrator.
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Figure9. Transparent absorber at ZHAWb (left) and the absorber installed in the Swiss demonstrator
(right).

Absorber: components
The absorber consists of different parts marked by different colouFsgarel0:

1 Yellow: TCF distributol
assures that the TCF i Air intake

T

distributed homogenous "Q) S— | B

in the entire section of the (3] Demistery e

absorber: _ e TCF distributor TN

 Blue: Active part / random s heat exchanger | ?ig

packing: this part is filled s TCF/ water g

: , £ wo.1 \ 2
with  small random  AirFan 5 |r2E .
packings Here the ¥oel TCF recirculation pump e
: P9.1 2
absorption process takes B
2

place;
1 Red: the floating packing
prevents aerosol I R T et

formation in the scrubber;

1 Purple: the sump collects
the TCF coming from the active part and from here the TCF is pumped again to the absorber

1 Green: the demister avoids that liquid drop leaving the absorber.

FigurelO. Absorber components.
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The air is sucked into the absorber through a fan. The fan (V9.1) is located at the outlet air, the
absorber operates under the ambient pressure. This solution avoids leakage of untreated air from
the absorber.

On the TCF side, the TCF is extracted from the sump by the recirculation pump (submersible
centrifugal pumpP9.1) and pumped via the plate heat exchanger (W9.1) into the absorber head,
where it is evenly distributed over the packing by a liquid distributor

The scrubber stands completely in the sump and has outlet openings for the salt solution at the
bottom. This siphon separates the air in the scrubber from the atmosphere in the receiver tank so
that it can be operated atmospherically open to the greenhoeswironment. Between the

scrubber and the solution circulation pump, there is an overflow in the storage tank which ensures
a uniform flow and thus prevents the occurrence of a heterogeneous TCF concentration distribution.

All parts of the absorber in contact with the TCF are made of polypropylene or polyvinyl chloride.
The heat exchanger has a coating of Parylene on the solution side.

Absorber: control of air temperature and humidity
The air humidity is controlled by the TCF concentration, while the air temperature is controlled by
the TCF temperature.

The concentration of TCF inside tr

o (™
absorber shall be maintained at
certain percentage to allow the —
absorption process, only in this way o | H!ad

is possible to control the air humidity
in the greenhouse. A too diluted TC
cannot any more control the air

Blue: air
Yellow: TCF
Fx: flowrate

=

Tx: temperature

;: J\ Mx: moisture
- XT: transmitter
hum|d|ty. m xR: recorder
o v xI: indicator
The process for the humidity contro &\ |,
&/

is implemented as a batch process. / -
soon as the measurement point MR
indicates a too high humidity, the TC T sump
sump isdrainedand is filled up with
concentrated TCF.

Figurell. Absorber: control of air temperature and humidit

The air temperature is measured at the absorber outlet (TR 2). If the temperature is outside the
required range, e.g. too low or too high, the TCF is heated up or cooled down in the heat exchanger
shownin Figurell. In the Swiss greenhouse, the heat exchanger is a TCF/water heat exchanger.

Desorber: Regeneration
The desorber is used to regenerate (referred alstbaoncentrate) the diluted TCF.

The desorber has the same design as the absorber, but it is operated under positive pressure, the
fan is at the air inlet. The air enters the desorber directly from the bottom and leaves it at the top.

The heat exchanger is used to give the energy input required for the desorption process.
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The temperature in the desorber for the regeneration

process (e.g. evaporation process of the water
contained in the TCF and its absorption by the air)
influences the velocity needed to reach the required
concentration of the TCF.

The operation of the desorber is also a batch process.
The desorber sump is normally empty. For the
regeneration, it is filled up with diluted TCF which is
recirculated from and back to the sump through the
desorber. Based on the density measurement angl th
solution temperature the concentration of the TCF is
determined. If the max TCF concentration is reached (in
the Swiss demonstrator 32%), the desorption process is
terminated and the concentrated TCF is pumped from

the desorber sump into the concentradelT CF storage
Figurel2. Desorber model. tank.

You can find more details on the webpage of Cordis or on webpage of TheGreefa under
download/Publicationsin the documentConcept for a fully automated system and operating
manual.

Here the link;
Cordis:https://cordis.europa.eu/project/id/101000801/results/

TheGreefahttps://thegreefa.eu/wp-content/uploads/2024/06/THEGREEFA DIdhtrolsystem
and-operatingmanual.pdf

2.1. Demonstration in Switzerland

The results presented here are for the Swiss demonstrator of TheGreefa project. The Swiss
demonstrator is a greenhouse of 60% nsituated close to Zurich, in Switzerlandii A & & LISOA
RSAAIYSR F2NJ Odzf AP GAYy3I 2NDKARADP wk iKSNJ GKIy
2y U la®shdva ifFigurels.

s \ \ ¥ ,l‘\ 3 -0
Figurel3. Planting tables in the Swiss demonstrator. In green, the absorber is marked.

12/ 60


https://cordis.europa.eu/project/id/101000801/results/
https://thegreefa.eu/wp-content/uploads/2024/06/THEGREEFA_D1.3-Control-system-and-operating-manual.pdf
https://thegreefa.eu/wp-content/uploads/2024/06/THEGREEFA_D1.3-Control-system-and-operating-manual.pdf

S
D)
@

TheGreefa Training manual
é_f?@é eGreefa Training manua
Energy balance in the Swiss
. demonstrator
40%: Thermal energy L rsumton oo Based on data measured over more
reduction .. -
greenhouse than a year and their interpolation,

the energy savings brought to the
Swiss greenhouses by TheGreefa
technology have been estimated. The
100% in the pie char(Figure 14)
represents the thermal energy that
would have been required in the

23%: Thermal energy greenhouse without TheGreefa. The
released by the ..
absorbtion red part indicates the energy saved by
Figure14. Annual thermal energy balance in the Swiss TheGreefa due to _ hum_ldlty control
demonstrator. based on absorption instead of

releasing warm and humid air to the
outside. The blue part represents the thermal energy released during the absorption process. This
blue part is the energy needed to heat the greenhouse, but it does not have to be supplied by the
greenhouse operator. It is the energy required for the regration of the TCF, for example, lew
temperature thermal energy, that would otherwise go unused.

The characteristic of TheGreefa is that tt  Additional
avfallqblhty _of this energy dges not need t C[‘?ﬁggf;gg'"
coincide with the use, in time and spact

This energy can be stored ftong periods
without any energy loss in the form o
concentrated TCF, retaining potentiab
release thermal energsather than thermal
energy. Finally, the grey segment is tf
thermal energy that must be supplied by th
greenhouse operator.

50 kWhim?

\\ /z"’
However, the situation is reversed whe N / Standard
greenhouse

considering electricity consumption As

shown inFigurel5, with the installation of Figure15. Annual electricity consumption in the Swis
TheGreefa, electrical consumption increas demonstrator.

by approximately 24%. It is important to

consider that the rotating components, such as pumps and fans installed in TheGreefa system, have
not been optimized for their electrical performanc&dditionally, the design of air ducts and heat
exchangers prioritized thermal performance, resulting in significantprgssure losses. Therefore,

there is potential to reduce this additional consumption through optimization efforts.

When considering the overall energy balance in the Swiss greenhouseyiti&ntthat electrical
energy has amallerimpact compared to thermal energy. We excludethe energy used for
regenerationc whetherbecause it isnanaged separately from thggreenhouse operator or because
remains otherwise unusedg the total energy savings exceed 50%. Even when including the
regeneration energysubstantial savings of around 35% are still achieved
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Tablel. Summary of the energy balance in the Swiss greenhouse.
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TCF results
Based on the measured data of concentrated TCF used in the demonstrator (blueHigerel6),
the production of concentrated TCF (green lin€&igurel6) was simulated using heat source warm
water generated in thermal solar panels located close to the greenhouse. For the Swiss greenhouse,
F LILINRPEAYFGSE@ mnn Yu 2F &2t N (KSNSxthfof thell y St ¢
greenhouse's surface ardaterestingly, the regeneration of TCF occurs yeamdsince it depends
on the temperature difference between the air and the TC&ther than onthe absolute
temperature.t N2 RdzOiG A2y SELISNASYyOSa | &t A3IKG RSONBL a
YR AYONBIaSR Of 2dzR 02 @SN

140

—TCF production by thermal solar energy

[
¥
=]

—TCF consumption

[,
B = o =]
o o o =]

32.5%- concentrated MgCI2-solution, liter pro m2
L)
(=]

(=]

01.23
02.23
03.23
04.23
05.23
06.23
07.23
08.23
09.23
10.23
11.23
12.23

Month

Figurel6. TCF (Mgglabsorption and regeneration.

Based on the quantity and usage pattern of TCF utilized and regenerated, the minimum required
size for TCF storage has bedetermined Figurel7). Only one storage unit is needed, as the
different densities of concentrated and diluted TCF prevent them from mixing. During the cold
season, TCF usage is high and regeneration is slightly loytie end of this season (March) the
storage is fully occupied by diluted TCF. Conversgiyne end of the warm season, due to opposite
conditions, the storage is entirefyled by concentrated TCF. The required storage volume is approx.
175 litres per square meter of greenhousea
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200

m Diluited TCF in storage

m Concentrated TCF in storage

175

150

Storage volume [I/mZ2]
3
S]

50

25

0
01.23 02.23 03.23 04.23  05.23 06.23  07.23 08.23 09.23  10.23 11.23 1223

Figurel?. Storage volume.

Drying process
The drying process is very similar to the process for air humidity and temperature control. The
difference is that in this case, the scope is to dehumidify the air, without temperature control

This application is explained Kigurel8. The air is dried in an absorber in counterflow with a
concentrated TCF but is not necessarily heated, as heat could harm the leaves/vegetables and affect
their quality. The configuration of the absorber can be the same as the absorber used in the
greenhause. In a closed cycle, the released dry air is then injected into the drying chamber where

the humidity of the vegetables can be extracted.
Heatsoy
®

N

Concentrated TCF

Humid air

.

% / G Humid air
8 >
3
6
@)=
Ambient air
Diluted TCF Concentrated TCF
o=
Drying chamber Absorber Storages Desorber “

Figurel8. Drying process using the absorber and desorber.

The diluted TCF can then be stored without thermal loss and regenerated when renewable heat
(e.g. solar heat) is again available. In comparison to sthset plants using compression
dehumidifiers, in a sorptive dryer, the electrical energy consumpsdmiited to the operation of

fans and liquid pumps, while the thermal energy required can be entirely provided by-a low
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temperature heat source, e.g. can be totally renewable. After the regeneration process, the energy
provided can also be stored without any losses.

TCEF selection
The choice of TCF to be used in the drying plant is different from that in the greenhouse.

Figure 20 shows the equilibrium line between different TCFs and humid air. The dashed lines
represent air with varying humidity levels. The intersection points between the solubility lines of

the TCFs and those of the air indicate the minimum humidity achievablgiaen temperature. For
SEIFYLX S | (i Hasdution, shi takimimydegaed of liehumidification does not drop
below 35%. MgElwas chosen in the greenhouse for its availability and low cost, but its
Ke@aANRP&aO2LIAOAGE A& tAYAGSR® ' Hnc/ I GKS KdzYAR
for plant cultivation this humidity level is unacceptable because it is too lovg tyying process it

is too high. An expensive alternative could be LiBr or LiCl solutions.

102 T
vapour pressure of pure water-._
&
€ 10
=
S solubility
o —MgCl,
. —‘ZDEC-I2
s ——LiCl
rel. humidity [-] LiBr
/ —Ca(NO,),
10° ' ' '
Q 10 20 30 40 50 60

4§ [°C]
Figure20. Comparison of different TCFs.

Table2. Different TCFs tested for the drying process.

Salt (TCF) Chemical Air humidity at the
compounds equilibriuvm, 20°C

Caesium fluoride CsF 3.38 %rH

Lithium bromide LiBr 6.61 %rH

Zinc bromide InBr, 7.94 %rH

Sodium hydroxide NaOH 8.91 %rH

| % Potassium hydroxide KOH 9.32 %rH

» W 5 AN Lithium chloride LiCl 11.31 %H
Figurelod 5 NE S ND X Calcium bromide CaBr, 16.50 %rH

dried herbs.

For the drying process, we aimed to find and test a TCF with better hygroscopic properties than
MgC}, but with affordable costs. Additionally, it needed to be a TCF compatible with the food
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industry. The characteristics of different TCFs were analys@&dble2 and the choice was NaOH,
which is widely used in bakiragnd meets these requirements.

A problem that can arise with the use of NaOH is its reactivity with thep@Sent in the air. This
reaction forms carbonates that precipitate, so the precipitate must be removed and the reacted
NaOH replenished. The issue can be minimized, if not eliminated, by recirculating the air in a closed
loop. InFigure21, CQ reacting with NaOH during the regeneration process is shown in blue. The
regeneration was carried out at the ZHAW plant as an open cycle, where new ambient air was
continuously supplied. In this case, continuous replenishment of NaOH is necessary.

350

Regeneration
Drying process
300 | Air flowrate: 500 Nm3/h

Drying process:
250 f ' 2.5gCO,from3 Nm?air->5 g NaOH

lal

n
=3
S

Desorption process:
Max 400g CO, g/hr -> 1.4% of treated NaOH /8 hr

Absorbed CO,
g

0 10 20 30 40 50 60
Time [min]

Figure21. CQ reaction with NaOH.
In the absorber for dehumidifying the air (drying process), the air is continuously recirculated. As
shown by the red line, the C@eacts with the NaOH only initially; once its level falls below the

reaction threshold, it is no longer removed. NaOH does not require replenishment. The carbonates
formed precipitate in NaOH solution and can be removed at the end of the drying cycle.

Process optimisation

77% water content nettles 12% water content The concentration of TCF used in the
_‘ S .;\sorbe. Sept el laboratory tests was 50% at the
beginning of the drying process and
44% at the end. It was never replaced
Storage . .
@ 50% NaOH during the whole drying process.

Buffer tanks The absorption power was therefore

% higher at the beginning than at the
2 end. However,in the final stages,
g removing the remaining moisture
= . .
S from the nearly dried herbs is more
Storage To regeneration al o :
@ 25% NaOH ... challenging.
The values are per kg of dried herbs. A high concentration of TCF is not

Figure22. Proposed concept for the drying process. strictly necessary at the beginning of
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the drying process, while it is essential in the final stages. For this reason, the concept illustrated in
Figure22is proposedLINE OS&da aidl Na gAGK I RAfdziSR ¢/ CX g
GAUK AYyONBFaAy3ate O2yOSYidGNIGSR ¢/ Cd ¢KAA Ol y
2yS o0FGOK 2F KSNba Ay | @nly@heNheATENG sb dilBted thatd cain K S
no longer absorb will it be sent for regeneration or to the diluted TCF storage.

1step 6 steps

3.2kg (@50%) 6.4kg (@25%)

25.6 kg (@50%)  28.8 kg (@44%)

Regeneration Regeneration

Cofurched by

Herbs (water content) o i e
The values are per kg of TCF (NaOH concentration) g
SI 5050131

dried herbs.

Figure23. Volume reduction in the step process.

Using a step process, it is possible to reduce the volume required by the storage as illustrated in
Figure23. The energy required for the regeneration remains the same being the same as quantity

of water to be evaporated.

Energy comparison

The specific energy consumption of a whole plant, including the regeneration of the TCF, has been
estimated and compared with the real plant. In the pictofd-igure24, the blue arrows represent

the electrical energy, and the red arrows the thermal energy.

The values are per kg of dried herbs.

Ventilator
(1MJ)

Jakip ejeaIney |

Ventilator Condensate

TCF pum| ¥
Ay E— \Vste heat faeM)
Wet herbs ‘l ‘ Dried herbs L
Dehumidifier
TCF storages (18.6 MJ) Waste heat

N

=
g
c
3
£
3
&
o

Solar thermal
energy (8 MJ)*

Ventilator
(1 M)

\¥ Wet herbs Dried herbs

Condensate

TCF pumpe
(1 M)

Jojeseuabal
ejoaIney |

TheGreefa Standard

* Estimated values for an hypothetical regeneration via solar thermal energy S 5050131

Figure24. Energy comparison between TheGreefa drying process and standard drying.
Considering that the regeneration will use thermal energy otherwise not used (let's say gratis
energy), the specific energy demand of TheGreefa is clearly lower than that of conventional drying
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with a dehumidifier. It is important to emphasize that the great advantage of TheGreefa is not only
that the process requires less energy than a conventional plant, but also that the thermal energy
required is decoupled from the drying process.

This thermal energy can be entirely sourced from renewable energy etelmperature waste heat
that would otherwise go unused. Additionally, TCF can store thermal energy indirectly for a long
time without any energy loss.

2.2. Demonstration in Tunisia

The main objective of this pilot project the demonstration greenhouse in Tunigao assess the
performance of a Brinkased Liquid Desiccant System (LDAS), used for greenhouse air conditioning.
This investigation focuses on evaluating the efficiency of the LDAS in creating a balanced and
O2y NRffSR OftAYIGS GAGKAY (KS 3INBS YDHRS dystedn isdzy R S
implemented and tested in an innovative Water Cycling Greenhouse, which is characterized by an
accordion shape designed tollect the maximum amount of condensate water.

In the system, the focus is put on the three points:
1. Desiccantegeneration during nighttime using heat stored during daytime

1 Day/Night thermal heat accumulation and heat release (passive collection of cool
from night).

1 Possibility of improved regeneration with additional heat source (plastic solar
collectors, potentially residual heat from CSP).

1 Possibility of Regeneration using solar heater with 24 h operation.
2. Accumulation of C£(1000¢ 2000 ppm) in the closed atmosphere

1 Improved photosynthesis if other growth factors like water/nutrients are also
satisfied.

1 Improved production.

1 Improved heat acceptance allowing fewer cooling measures (sufficiens@iply
even at closed stomata resulting of heahd/or water stress).

3. Water recovery by combined evamondensation
1 Water from air humidity to desiccant during daytime,
1 Water from desiccant to air during nighttime,
1 Condensation of water at inner surface of the foil,
1

Removal of water droplets by modified roof shape, providing sufficient slope for
droplet removal and collection,

1 Heat removal by modified roof shape (zigg for larger total surface of heat
removal.
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Components of the System of the Tunisian Demonstrator

The main components of the Pilot system in Tunisia are:

1 The greenhouse with an accordion shape aiming to maximize condensatecgééstion,
1 Two Absorber devices,
1 The Desiccant loop (two storage tanks, pumps, pipes, eleethes),
1 The Air Loop (air ducts, fans),
1 The Monitoring System.
Absorbers i
Rainwater recovery \‘
Ixigationi| € — — — — — S
Well water 3y Tank f 7" Irrigation water :
: |
Condensate | cond t
Tank T “water l
PP
Desiccant -
Tanks ]

Air circulation system
inside the GH

Desiccant Return ]
___________________ -7J g

—

Desiccant Supply

Figure25. Scheme of the system.

The new design is aimed igceiving a much larger surface for heat rejection. At the same time, the
collection of droplets is improved by the stronger slope of the foil, especially in the upper level of
the tunnel.

) Front View
Customized View 1100
1100

~ 25

Top View
1100

all dimensions in mefer [m] Right View 1100 =

Figure26. Greenhouse technical specificatianZigZag (accordion) shape.
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The water tank presented ifrigure 27 is a
combined tank collecting rainwater from the
rooftop of the greenhouse as well as collecting
condensed water droplets from the inner

= AdzNF I OS 2F (KS 3INBSYyK2dza

Figure27. 100 nt closed
greenhouse (top) and 1M
water recovery tank (bottom

Absorber design
The absorber is the main component of the greenhousecanditioning system, ensuring the
circulation in counterflow of the brine solution and the air drawn from the greenhouse.

This circulation allows the regulation of both air temperature and humidity by converting latent heat
into sensible heat while absorbing air humidity.

The absorber was manufactured by the working group of the Technical University of Berlin (TUB)
and Watergy GmbH.

A W
NS :

5 ; :v 1N .. . ; i
Figure28. The absorber installed in the Tunisian demonstrator (left)iarile structure of the absorber
(right).

Initial tests of the absorber prototype provided clear information on deficits in liquid distribution.
The infrared (IR) analysiBigure29) showed that heat release in the running process is unequal due
to different flow rates in the centre (low flow) and perimeter (high flow).

By using a coloured liquid, also problems of unequal distribution were demonstrated. Deficits shown
by the tests did result in a new design of absorb&te unequal distribution of air in the bottom of

21/ 60



i_/\’ \’\&z -
(Yoek TheGreefa Training manual

the absorber was shown by fog analysis. The air was mainly led to the top from an area near the air
entry, due to a dense configuration of absorber elements.

Figure29. IR analysis (left), coloured liquid analysis (centre) and fog analysis (right).

A new design provided a shape of absorber elements with decreasing diameter towards the bottom,
allowing air to enter thenner area of the volume.

Figure30. The absorber design with 3D printed hexagonal internal structure.

The new design for the absorber desiccant distribution element is aimed at a total decentralized
supply of liquid between the hexagonal openings.

A central inlet is connected to a system of internal channels in the printed part, driving the fluid to
plenty of openings.

The design is optimised for high volume flow (201/min, withdrawal of ~5 kW of hgali=K). The
optimisation is performed for equalised flow of the solution.

Properties of the desiccant solution
Testing the performance of the desiccant

climate conditions. d
1 Measurements have been performed for air inside
bottle of Brine solution and a bottle of water tq
compare the air temperature and humidity.
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Brinecomposition:
1 Density: 1.350
1 Magnesium Mg112.65 gl,
1 SulphateSQ: 34.09 df,
1 Other residues (Ca, CIX)K 428 gl.

The operation of the absorber device of the system is based on the hygroscopic properties of the
TCF used, which is a brine solution of magnesium chloride solution (MgClI2).

The measurements of the Equilibrium Relative Humidity (ERH) were performed during January
2022, according to the saturated salt solution method, which involves placing a sample of the brine
solution in a sealed container and measuring the relative humiditgiroin contact with the BLD.
When air reaches equilibrium with the BLD, its relative humidity corresponds to the ERH of the
desiccant fluid.

HR variation (GH-Brine-Water)
-#-|Inside the GH HR Brine Solution HR  —=—Water HR

j/__.

70

80 —_—

70
40
50
40
30

20

8:30 9:30 10:30 11:30 12:30 13:30 14:30 15:30 16:30
21 Jan

Figure32. Brine solution effect21 January 2022.

The measured values of ERH are in accordance with established literature referencing ERH value of
OHPTY B ndmc: T 221D 28+ & deNIH(pE R Pa I/ €

The yellow curve ifigure32shows the desiccant which is at low relative humidity. The purple curve
shows relative humidity in the other container, containing just water. So, it can be seen it has very
high relative humidity, as the air above the water is of course saturated. Tigelibk shows the
relative humidity inside the greenhouse in the air which is surrounding these two containers.

Desiccant circulation in the system

tg2 AYUSNO2yySOGSR ad2Nr3asS dlylaz sgAGK | G204l
in the studied system. The storage tanks are connected to the absorber devices via two pumps and
a hydraulic setup. The absorber devices were mounted ordstat a higher level than the storage

tanks to allow the return of the TCF solution by gravity and reduce the complexity of the system's

control.
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Pumps at
least 1m
under
desiccant

level
R L

Figure34. Pumps and electrovalves.
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Air distribution inside thgreenhouse
Air is drawn from the greenhouse roof and conveyed through the absorber. After undergoing

thermal heat exchange and the dehumidification/humidification process, the processed air is blown
into the greenhouse at the level of the plants.

Figure35. Installation of the Absorber devices and the air circulation system insidgréemhousefans +air
ducts)

Figure35presents the absorbers located in the rear of the greenhouse and the air distribution pipes
at the sides (left photo). In the right photo the installed absorber is presented.

Monitoring system
The monitoring was implemented in the greenhouse to be able to monitor and control the system

by the control computer. Theontrol of the desiccant system operatias performedaccording to
three stages in day and night mod&he F'mode is run by only 1 pump. Th&#2ode is run by the
second larger pump and in thé*3node where both pumps are running all together.

The implemented monitoring allows to perform measurements of:

1 temperature andelative humidity,

1 the desiccantflowrate,

1 CQ concentration,

1 the desiccant level inside the storage tanks.
Using the monitoreddata, it is possible to calculate the energy balance and the efficiency of the
system.
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FgureéG. Installation of thecontrol box, the s

Conclusios
As the last part of the presentation of the Tunisian demonstrator, some conclusions and learnings
are presented below:

1 High level of air tightness in the greenhouseeeded to reach condensation conditions
Errorfriendly emergency ventilation is required but needs to support the concept of
tightness.

Installation of absorbers in the greenhouse (not outside)

Absorber design successful in reduction of complexity and costs.

3D printed parts require high quality, heat resistant plastics and require sun shield.
Storage volume is expensive and hydraulic connections are error prone.

Desiccants need high attention concerning corrosivity, leakage, disposal and recycling.

=

= =4 4 -8 8

The next steps that should be undertaken to improve the system and ensure higher efficiency and
reliability are as follows:
1 Use ofphasechange materialRCM) for the heat storage will allow a reduction of desiccant
guantity by 5690%
1 Integration of PCM in absorber maysoreduce pumping costs b§0-90%providing also
slight reduction of ventilation requirements (~30%)
T [ 26 O2al t/a FT2N YStdAy3 LI ardium-cirbohatddrizy R
be consider for such uye
1 Further simplification of Zigag construction is possible, finally not much more expensive
than existing tunnel greenhouses
1 Further research activities requiregalso due to a lack of alternatives for overcoming the
water crisis
1 There are Igh recent activities in building air conditioning using liquid desicc&ttstup
companies such d8lue Frontier" funded byBill Gates) and "7AC" arecent multimillion
investments. There is high competition in this type of research, not only in the field of
greenhouses.
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3. Simulations and optimisatiorg Case studies
3.1. Casestudies

The main objectives of the case studies are to analyse different boundary conditions in terms of two
representative European climate regions selected in the project.

T T

Area [ha]

2010 100
210010283

228310 500

. A % -.' : e
B 2500102367 - & CAEES
B 2357105847 s o
B :58471045200 . g
B oatanotavailable U 5
SEe

Figure37. Greenhouse distribution in the countries of the European Unioc2 E(EUROSTAT, 2023a).

Spain, with the largest extension of horticultural greenhouses in Europe, was sleetedpamtiig
area of study. In 2023, the area of horticultural greenhouses w&23ha.

Baleares oy

Islas Canarias )
>10 000 ha (), 5 000-10 000 ha (M),
2 000-5 000 (), 1 000-2 000 ha ()

\j - J
and <1 000 ha (7). & @ .

Figure38. Map of Spanish regions with different surfaces of greenhouses.

Italy, with a robust greenhouse industry, was identified in the previous Task ¢T®larket
SOIFftdz GA2Yy +a LRAISYGAFE AYyAGAFE YIEN]JSGa F2N
35229 ha.
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5 000-10 000 ha (H), 2 000-5 000 (M),
1000-2 000 ha ([1) and <1 000 ha (&)

v

N

Figure39. Map of Italian regions with different surfaces of greenhouses.
¢tKS a021)S 2F (GKS lylfeara AyoOftdzZRSR GKNBS Ol
T ! YKSI (S Rtype greeshdiiNg: naturally ventilated.

1 Unheated multispan greenhouse with climate controller.
1 Multispan greenhouses heated with natural gas.

gutter

upper wire grid plastic film lower wire fabric

longitudinal main cable ridge or raspa gutter or amagado
transversal main cable
e e e e A e T

1) j A l iwu \{\l WA z_:: <>l \

base perimeter.wire / pillars l concrete block  tension braces | froNt wall
top perimeter wire stability braces or amagados  foundation
trusse gutter
NS ridge purlin
plastic film I J -
sigas 3 S arch steel tubes
sidewall panels g\ \ \
rectangular
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\\ posts
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~
sidewall

N
|
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[

Figure40. Simple greenhouse of Almetiag LJS ¢ A 0 K & G NHzOG dzZNB Ay -tecNJ & LI
greenhouse with multispan structure (bottom).
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Ly (KS-GBLISSHNBSYK2dzaS 2F GKS ! yAGSNARAAGE 2F | f
2017/18 season and in the current 2023/24 season have been analysed. Several alternatives of crop
combinations have been grown in unheated multispan greenhodsemg the development of
TheGreefa project: cucumb#¢omato, cucumbeipepper and tomatezucchini.

Almeria greenhouse  Mulfispan greenhouse  Multispan greenhouse  Multispan greenhouse  Multispan greenhouse

MUHISPGH greenhouse  Multispan greenhouse Multispan greenhouse  Multispan greenhouse  Almeria greenhouse
Tomato crop Pepper crop Zucchini crop Tomato crop Tomato crop

Figure4ld ¢ KS Yz2aid AYLRNIIFIyd ONRLA GKIG KFEF@S 60SSy Iyl
University of Almeria.

Two case studies have been selected in Italy for tomato production:

1 Unheated multispan greenhouse.
1 Multispan greenhouses heated with natural gas and oil and wood chips.

Flgure42d> a/ KSNNEe¢ G2YIF G2 ONE LJ Ay dzyKSI GSR Ydzt GAaLdk
greenhouse (right).

Sources of information

f The technicalINR RdzOG A @S OKI NI} OG SNA T I (i Ahdasbeed Farriédk S 3
out through a survey carried out during the ye2022 by the Andalusian Cooperative
Society AFEo 222 members, coveringlO greenhouse$l.4%2 ¥ (G KS G204+t I NS

f t NEPRdAzOGA2Y O2ai 2 TforihhBS&syne@ u22 $a2022-F3 hdvd bged NN |-
analysed for f Y Styyunheated greenhousefor seven different alternatives of crops
cycles, from the data of thErices and Markets Observatof the Ministry of Agriculture,
Livestock, Fisheries and Sustainable Development oBtheernment of Andalusia JA.

1 Production costs, energy, water, fertiliser and phytosanitary products consumpticas
been measured, during seaso292021, 202122, 202223 and 202324 for unheated
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I £ Y StypfNdnd multispan greenhousesfthe! Yy A @S NE A { &or t@ikto, pdppeS NN |
andcucumber crops

1 Tomato production cost®f unheated multispan greenhouses Italy have been obtained
from governmental datalgtituto di Servizi per il Mercato Agricolo AlimentardSMEA and
energy and water consumptiorhave been measured b$fera Agricolan a commercial
heated multispan greenhouseestimating the associated production costs.

1 A Life Cycle Impact Assessment (LCIRgs been developed estimating the main
environmental impacts factors for théive case studiesusing the EXCEL EUPHOROS
environmental simulation model.

In the case study, the main climatic parameters that affect the development of greenhouse
horticultural crops have been analysed. The installation of the climate control system using
thermochemical fluids can help maintain an adequate temperature and hitynidcorporate C@

from the outside environment and achieve greater homogeneity of these climatic parameters. The
design of the air distribution system must prevent radiation loss at the crop level due to shading.

Analysed climate conditions for greenhouses cultivation:

1 Adequate air, plant leaves and soil temperatures.

1 Moderate relative humidity to avoid condensation or hydric stress.
- Hight level of photosynthetically active radiation (PAR).
- CQ concentration of air around the outside level of 420 ppm.
- Uniformity of the different climate parameters.

500
P T Y
I
S
e
Concentraciin de CO, lppm) L Concennracin se (O, [ppm]

Wi e owww . - — ‘ ) W o ool
e - b =

Figure43. Distributionof COA Y A A RS &2t I NJ AINBSyK2dzaSa 27F ! f YSNNI
and "parral plano” or elemental (b).

Although there are multiple options for effective climate control in greenhouses, active systems
require high energy use and passive systems are often limited by external weather conditions. The
use of thermochemical fluids could be used as a complementher systems in order to reduce
energy use.
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Evaporative cooling

Pad-fan cooling |

Fog systems

Cover cooling |

| Greenhouses |
I | \
Heating systems | | Cooling systems | | Combined systems |
—] Fan ventilators | || Systems with heat exchangers

air-ground

Systems with heat exchangers

coupled to aquifers

Figured4. Classification of various climate control systems for greenhoysassive methods (marked in
blue).

Energy consumption in greenhouses is affected by the need for heating. In unheated greenhouses
consumption varies from 30 to 100 GJ/ha, while in heated greenhouses the energy required can

exceed 20 000 GJ/ha.
Table3. Energy consumption of greenhouse agriculture in some European countries (several studies).
Greenhouse Energy (GJ/ha) Total energy Gas emission
Country
area (ha) Heating Electricity (GJ/ha) (kWh/m2) | (toe/ha)® | (1CO,eq/ha) ©
Spain 77 923 81-16272 2.8 84— 17 784 23-158 | 20-3320 | 13.6-1277
Italy 35229 11.8 -9 450 135-656 | 62- 14616 1.7 - 406 3.0 - 349 11.6—1344
Netherland 10 636 10303 — 14 990 1 300 11603-22689 | 325-630 | 277-365 | 1389-1820
France 9813 18011412 | 158-5976 | 615611412 | 171-317 45-273 354 —1 049
Greece 5100 56-8138 1.1 57 -8 550 1.6 - 237 1.4 - 204 9-786
Germany 3199 12612 -13000 3981-16308 | 111-453 | 302-390 | 1163-1499
Portugal 1010 2174-6768 - 273-11 556 76 6.5 25
Total/Average 120 930 39 020 571 3871189 1562 155 1717 48

a1 GWh = 8.60x10° Mtoe - Mega tonne oil equivalent (Krey et al., 2014).
b Using a factor emission of CO, for heat production of 0.331 tCO,eq/MWh (Krey et al., 2014).

While in Spain the area pfotected crops has increased up to 18.7% in the last seven years, in Italy

the area occupied by greenhouses remains very stable.

Table4. Area covered by greenhouses and vegetable production in the different regions of Spain and Italy.

Evolution of surface of greenhouses in different regions of Spain (MAPA, 2024).
Year Andalucia Murcia Canary Islands Spain
2016 48 509 6 235 6744 65 674
2020 55138 6491 5491 71783 +18.7%
2023 61099 6 449 5495 77 923
Evolution of greenhouse surface in different regions of Italy (ISTAT, 2024).
Year Lazio [Campania| Sicilia Veneto [Lombardiall Italy |
2014 7 845 10 332 7 676 3360 2076 35574
2020 9001 9994 7121 3285 1949 | 35574 | —0.9%
2023 7 629 7 523 7 029 3748 3642 35229
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The prices of horticultural products have significant variability depending on weather conditions in
Europe or factors that affect marketing (COVID, Ukraine War). The highest prices were achieved in
both Spain and Italy in 2023. In general, sales pricedetween 15 and 20% higher in Italy.
Tablesd ! GSNI IS LINKAOS wek(13I6 200G AYySR o0& FFENYSNE F2!
seasons (JA, 2024a; ISMEA, 2024a).

Country Spain [N italy [N
Crops 2016/17 | 2018/19 | 2020/21 | 2022/23 | 2017 2019 2021 2023
Standard tomato 0.66 0.61 0.60 0.94 0.93 0.83 0.93 1.21
Cherry tomato 1.28 1.12 1.23 1.56 1.57 1.12 1.21 1.64
Pepper 0.91 0.77 0.84 1.23 0.74 0.88 1.00 1.51
Cucumber 0.70 0.53 0.57 0.95 0.42 0.48 0.54 0.74
Watermelon 0.35 0.30 0.31 0.40 0.21 0.34 0.25 0.48
Zucchini 0.68 0.54 0.50 0.67 0.93 0.97 1.12 1.16
Melon 0.41 0.48 0.40 0.49 0.52 0.65 0.61 1.05
Eggplant 0.73 0.60 0.55 0.74 0.63 0.71 0.86 1.02
Bean 1.69 1.83 1.63 2.26 1.84 1.63 2.90 0.80
Average 0.63 0.65 0.63 0.90 0.76 0.78 0.86 1.05

For each of the five selected case studies, production costs, water and energy consumption and
their environmental impact have been analysed. The results obtained for each of the five cases
analysed are presented below.

3.2. CaseStudyt' y KSI S Rtyde fraesShygse
¢tKS FTANRG OF &S iypegie@nbo8sRs, vihich acdsust far moyeShdg\N7b% in Spain.
Its investment costis28 n € K Y

Figured5d | f|:fé NpEnhouse (a) an
{GFGA2Y AY 1TEYSNNF O6{LIAYy0OO®

These greenhouses achieve productivity valumsnally lower than 15 kg/f with production costs
2F noer 02 wmModn exk]13IP 5SLISYRAY3I 2y GKS LINROSaA
50,000e K K 2NJ 2001 Ay ft2aasSaod
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Table6® t NP RdzZOUA2Y O2ala YSI adzNBtiRe greeMibugeZinviiie seasdids I NP g

2017/18 (costs updated to the 2022/23 season) and 2023/24, located in the Experimental Farm University
2T | tANBOQOP.

Greenhouse type Almeria-type in “Raspa y amagado”
Farm area [m?] 28 152 Greenhouse surface [m?] 1917
Commercial type On vine or branch Tomato Pears
Cycle length [days] 225 194
Type of soil Sand mulching Coconut fiber substrate
Average marketable yield Y5 [kg/m?] 10.8 6.6
Type of cost €/ha
Supplies 24 823 19127
Transport 2181 1153
Labour 30 675 24 206
Contracted external services 1224 508
Total variable or direct costs, Cy [€/ha] 58 903 44 994

Investment cost [€/m2] |  Amortization [€/ha] 17.8 | 17 070 18.4 | 17 668
Total fixed or indirect costs C; [€/ha] 17 743 20 995
Total cost [€/ha 76 645 45 990
Unitary cost [€/kg 0.71 1.00
Average price A, [€/kg] 1.03 0.94
Total value crop [€/m?] 11.12 6.21
Production value Py [€/haq] 111 240 62111
Annual operating income |y [€/ha] 34 595 -3 879

These greenhouses are those that require the least energy consumption, mainly in the irrigation

system and the opening and closing of the windows (when they are motorized). Electrical energy

consumption varies between 1 and 1.5 kWR/rand water consumption varies between-I5 I/nv.

Table7d 9y SNHE |yR 41 GSN) O2yadzYLliAzy YS kypegkBnRoudey
of the University of Almeria.

i KS

Season 2020-21 2021-22 2022-23 2023-24
Crops Cucumber+tomato | Cucumber+pepper | Tomatotzuchini Tomato
Energy consumption
Electicity price [€/kWh] 0.145 0.15% 0.143 0.132
Electricity for ventilation [kWh/m?] 0.398 0.379 0.452 0.230
Total electricity [kWh/m?] 1.194 1.064 1.442 0.924
Electrical consumption [GJ/hq] 43.0 38.3 51.9 33.3
Water consumption
Water consumption [m?/haq] 2185 5242 4 854 2 945
Water price [€/md] 0.54 0.76 1.06 1.23
Water requirements [m3/1] 14.3 63.5 73.8 61.6

In these greenhouses the lowest environmental impacts are achieved. The structure of the
greenhouse and the irrigation system generate the greatest impact. The vedlmdated for the

two tomato crops developed in the UAL greenhouses are similar tetpablished, with emissions
between 95 and 280 kg G€qg/tn.

Table8. Total environmental impacts factors provided by the EXCEL EUPHOROS simulation model (Torrellas

S If®dZ HamoO F2NJ G2 YlHaRDS ONRR &Y K3/dzads K SZ T SRK S 1YYSANG

calculated by MartirGorriz et al., 2011 (MG)and Byt NONI al NI Ny ST = Hnamdcd 6Dald &
of marketable tomatoes).

Crops UAL 2017-18 | UAL 2023-24 | MG 2011 GM 2019
Yield [kg m?] 10.80 6.61 5.13 10.00
ADP - Abiotic depletion [kg Sb eq/in] 1.66 2.00 0.01 0.79
AAP - Air acidification [kg SO, eq/in] 1.05 1.20 1.75 0.68
EUP - Eutrophication [kg PO,eq/in] 0.35 0.42 2.70 0.25
GWP - Global warming [kg CO, eq/in] 208.79 248.18 276.8 94.4
POP - Photochemical oxidation [kg C,H,/tn] 0.05 0.06 - 0.03
CED - Cummulative energy demand [MJ/tn] 4 346 5210 2242 1725
Water consumption [m3/in] 30.17 33.86 38.00 44.80
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3.3. Case Study 2 Unheated multispan greenhouses in Spain

Unheated multispan greenhouses represent around 2% of the greenhouse area in Spain. The cost
2F GKAA G(GelL)S 2F INBSyK2dzaS G NASa FTNRBY Hp G2

&

S | : \ |
Figure46. Unheated multispan greenhouse (a) and tomato crop inside (b) in theANECOOP
QELISNAYSYy Gt {dGFGA2y Ay £ YSNNI 6{LJ

In these greenhouses, productions greater than 15 Kgfmn be achieved, depending on the
O2YO0AYylFGA2Y 2F ONRBLEAD® t NPRdzOGA 2y O2HGthousdAtdNE T
ekKKI® | AAKSNI Ay@gSaadySya 02adGa YFH1S AdG RAFTAO
price. Normally, faners with this type of greenhouses tend to obtain better sales prices through
direct contracts with distribution companies.

Table9. Production costs in the seasons 2020/2023/24 of crops cultivated in the unheated multispan
experimental greenhouses located in the Experimental FarmAMECOOP.

9f SOGNAROIEf SySNHeé& O2yadzYLliAz2y Aa AAYAfLI N G2 &
and with water consumption varying between 15 and 75%/m
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