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1. Introduction 

This document presents structure and outcomes of TheGreefa project (Horizon 2020 R&I 

Programme, Call LC-FNR-06-2020, Grant Agreement no. 101000801), and provides an overview of 

its main phases and achievements. 

1.1. Consortium 

TheGreefa is a research and innovation project funded by the European Commission and realised 

by 12 partners from 7 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 cost-effective and innovative technology which will significantly reduce 

the use of fossil energy in agriculture. 

 
Figure 1. TheGreefa consortium partners 

1.2. Project outlines 

The scope of the project is the development and testing of a cost-effective 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 especially the diet, which must be fresh, 

healthy and varied. Long transport routes are often necessary.  The transport of fresh fruit and 

vegetables causes high CO2 emissions and a significant proportion of the food's environmental 

footprint. The poor regions with 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 liquid desiccants, so-called Thermo-Chemical 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 thus also releasing sensible heat converted from latent heat stored in the 

vapour. To give an approximation of the process: 

¶ 1 ton of air humidity absorbed into the TCF, according to the phase change involved in 

energy, releases 680 kWh of heat (right part of Figure 2). The humidity is then condensed to 

liquid water. 

¶ 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. 

¶ For the re-concentration (regeneration), the same amount of energy as released by the 

absorption process shall be reintroduced in the system, again appr. 680 kWh/ton of 

ŜǾŀǇƻǊŀǘŜŘ ǿŀǘŜǊΦ ¢ŜƳǇŜǊŀǘǳǊŜǎ ōŜƭƻǿ слϲ/ ƻŦ ǘƘŜ ƘŜŀǘ ǎƻǳǊŎŜ ŀǊŜ ƭŀǊƎŜƭȅ ŜƴƻǳƎƘ ŦƻǊ ǘƘŜ 

regeneration process, the exact temperature depends on the phase equilibrium of pressure 

vapour between the TCF and ambient air.  

 
Figure 2. TheGreefa concept. 

The water can be released in the form of water vapour taken up by dry air (left part of Figure 2) 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. IBC-tank for small applications) for as long 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 humidification- and (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 in Figure 3 below, which compares the energy and water flows of a 

standard greenhouse (left) with a greenhouse where the proposed technology is installed (right).  

 
Figure 3. Application of the technologies in greenhouses ς standard 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 the absorption process.  

The technology consists of an open counter-flow 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 seasonal stored in form of concentrated 

TCF. There is and a time- and place-shifted 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 in Figure 4. 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 available. In comparison 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 low-temperature 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 concentrated TCF. 

 
Figure 4. 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 drying/dehumidification purposes. 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 humidity. The temperature level 

depends on the vapour pressure equilibrium between air and TCF, in any case, it will be below 

слϲ/Φ  ¢ƘŜ άƘŜŀǘέ ƛǎ ǎǘƻǊŜŘ ŘǳǊƛƴƎ ǘƘƛǎ ǇǊƻŎŜǎǎ ƛƴǎƛŘŜ ǘƘŜ ¢/C ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ǘƘŜǊƳƻ-chemical 

potential (concentrated TCF). 

 
Figure 5. 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 MgCl2 and NaOH. 

MgCl2 is not very commonly used in drying processes because its hygroscopicity is much lower than 

the hygroscopicity of LiBr or LiCl; MgCl2 solutions can reduce the relative air humidity to 30% at 

ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ όнлϲ/ύΣ ōǳǘ ƴƻǘ ōŜƭƻǿΦ IƻǿŜǾŜǊΣ ǘƘŜ ǊŜǉǳƛǊŜŘ ƘǳƳƛŘƛǘȅ ŦƻǊ ƎǊŜŜƴƘƻǳǎŜ 

application is in the range of 40-70%, which means the hygroscopicity of MgCl2 is sufficient.  

The advantage of MgCl2 is its high availability as it is part of seawater with a concentration in 

ǎŜŀǿŀǘŜǊ ƻŦ м ƪƎκƳшΣ ŀƴŘ ǘƘŜ ǾŜǊȅ ƭƻǿ ŎƻǎǘΣ ǿƘƛŎƘ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ млл ϵκƳшΦ 

NaOH is used for drying application. The MgCl2 is not 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 of NaOH is its 

reaction with CO2 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 absorber-drying chamber.  

These two thermochemical fluids are harmless: MgCl2 is a 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 in section 1.3, TheGreefa uses liquid desiccants, so-called Thermo-Chemical 

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 thus also releasing sensible heat converted from latent heat stored in the 

vapour. To give an approximation of the process: 

¶ 1 ton of air humidity absorbed in the greenhouse, according to the phase change involved in 

energy, releases 680 kWh of heat. The humidity (vapor) becomes liquid water. The 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 sunny days or 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 place (left part of Figure 6 below) because there are not losses 

during the transport. No thermal energy is stored, but the potential to release thermal 

energy. 

¶ For the re-concentration (regeneration), the same amount of energy as released by the 

absorption process shall be reintroduced in the system, again approx. 680 kWh/ton of 

ŜǾŀǇƻǊŀǘŜŘ ǿŀǘŜǊΦ ¢ŜƳǇŜǊŀǘǳǊŜǎ ōŜƭƻǿ слϲ/ ƻŦ ǘƘŜ ƘŜŀǘ ǎƻǳǊŎŜ ŀǊŜ ƭŀǊƎŜƭȅ ŜƴƻǳƎƘ ŦƻǊ ǘƘŜ 

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 water (central part of Figure 6). 

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

 
Figure 6Φ CƭǳƛŘΩǎ ƭƻƻǇ ŦƻǊ ƎǊŜŜƴƘƻǳǎŜǎΦ 
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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 humidity without 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 

Figure 7, 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 atmosphere.  In the continental region, there is no need to recover water.  

 
Figure 7. 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 seconds and two values are fixed 1 m/s for the 

air velocity (empty absorber) and 12 m3/(h m2) for the 

TCF flow density. This 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 shown in Figure 9: on the left, 

a transparent prototype is used in the ZHAW facility. The 

άǿƘƛǘŜέ ǇŀǊǘ ƛǎ ŦƛƭƭŜŘ ōȅ ǇŀŎƪƛƴƎ ŀƴŘ ƛǘ ƛǎ ǘƘŜ ŀŎǘƛǾŜ ƘŜƛƎƘǘΦ 

On the right is the absorber installed in the Swiss demonstrator. 

Figure 8. Packing. 
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Figure 9. Transparent absorber at ZHAW-lab (left) and the absorber installed in the Swiss demonstrator 

(right). 

Absorber: components 
The absorber consists of different parts marked by different colours in Figure 10: 

¶ Yellow: TCF distributor 

assures that the TCF is 

distributed homogenous 

in the entire section of the 

absorber; 

¶ Blue: Active part / random 

packing: this part is filled 

with small random 

packings. Here the 

absorption process takes 

place; 

¶ Red: the floating packing 

prevents aerosol 

formation in the scrubber; 

¶ Purple: the sump collects 

the TCF coming from the active part and from here the TCF is pumped again to the absorber 

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

Figure 10. 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 pump-P9.1) 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 greenhouse environment. 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 the 

absorber shall be maintained at a 

certain percentage to allow the 

absorption process, only in this way it 

is possible to control the air humidity 

in the greenhouse. A too diluted TCF 

cannot any more control the air 

humidity.   

The process for the humidity control 

is implemented as a batch process. As 

soon as the measurement point MR1 

indicates a too high humidity, the TCF 

sump is drained and is filled up with 

concentrated TCF. 

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 

shown in Figure 11. In the Swiss greenhouse, the heat exchanger is a TCF/water heat exchanger. 

 

Desorber: Regeneration 
The desorber is used to regenerate (referred also as to concentrate) 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. 

Figure 11. Absorber: control of air temperature and humidity. 
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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 and the 

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 concentrated TCF storage 

tank. 

You can find more details on the webpage of Cordis or on webpage of TheGreefa under 

download/Publications, in the document Concept for a fully automated system and operating 

manual.  

Here the links:  

Cordis: https://cordis.europa.eu/project/id/101000801/results/   

TheGreefa: https://thegreefa.eu/wp-content/uploads/2024/06/THEGREEFA_D1.3-Control-system-

and-operating-manual.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 600 m2, situated close to Zurich, in Switzerland. Lǘ ƛǎ ǎǇŜŎƛŦƛŎŀƭƭȅ 

ŘŜǎƛƎƴŜŘ ŦƻǊ ŎǳƭǘƛǾŀǘƛƴƎ ƻǊŎƘƛŘǎΦ wŀǘƘŜǊ ǘƘŀƴ ōŜƛƴƎ ǇƭŀŎŜŘ ŘƛǊŜŎǘƭȅ ƻƴ ǘƘŜ ŦƭƻƻǊΣ ǘƘŜ ŎǊƻǇǎ ŀǊŜ ǎƛǘǳŀǘŜŘ 

ƻƴ ǘŀōƭŜǎ, as shown in Figure 13. 

 
Figure 13. Planting tables in the Swiss demonstrator. In green, the absorber is marked. 

Figure 12. Desorber model. 

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
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Energy balance in the Swiss 
demonstrator 
Based on data measured over more 

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 chart (Figure 14) 

represents the thermal energy that 

would have been required in the 

greenhouse without TheGreefa. The 

red part indicates the energy saved by 

TheGreefa due to humidity control 

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 regeneration of the TCF, for example, low-

temperature thermal energy, that would otherwise go unused. 

The characteristic of TheGreefa is that the 

availability of this energy does not need to 

coincide with the use, in time and space. 

This energy can be stored for long periods 

without any energy loss in the form of 

concentrated TCF, retaining potential to 

release thermal energy rather than thermal 

energy. Finally, the grey segment is the 

thermal energy that must be supplied by the 

greenhouse operator. 

However, the situation is reversed when 

considering electricity consumption. As 

shown in Figure 15, with the installation of 

TheGreefa, electrical consumption increases 

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 performance. Additionally, the design of air ducts and heat 

exchangers prioritized thermal performance, resulting in significant high-pressure losses. Therefore, 

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

When considering the overall energy balance in the Swiss greenhouse, it is evident that electrical 

energy has a smaller impact compared to thermal energy. If we exclude the energy used for 

regeneration ς whether because it is managed separately from the greenhouse operator or because 

remains otherwise unused ς the total energy savings exceed 50%. Even when including the 

regeneration energy, substantial savings of around 35% are still achieved. 

Figure 14. Annual thermal energy balance in the Swiss 
demonstrator. 

Figure 15. Annual electricity consumption in the Swiss 
demonstrator. 
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Table 1. Summary of the energy balance in the Swiss greenhouse. 
 

¢ƘŜDǊŜŜŦŀ 
ƪ²ƘκƳн ȅŜŀǊ 

²κƻ ¢ƘŜDǊŜŜŦŀ 
ƪ²ƘκƳн ȅŜŀǊ 

¢ƘŜǊƳŀƭ ŜƴŜǊƎȅ мрр псп 

9ƭŜŎǘǊƛŎ ŜƴŜǊƎȅ сн рл 

¢ƻǘŀƭ нмт рмп 

9ƴŜǊƎȅ ŦƻǊ ǊŜƎŜƴŜǊŀǘƛƻƴ όƭƻǿ 
ǘŜƳǇΦ ƘŜŀǘύ 

млт 
 

¢ƻǘŀƭ ƛƴŎƭΦ ǊŜƎŜƴŜǊŀǘƛƻƴ онп рмп 

 

TCF results 
Based on the measured data of concentrated TCF used in the demonstrator (blue line in Figure 16), 

the production of concentrated TCF (green line in Figure 16) was simulated using heat source warm 

water generated in thermal solar panels located close to the greenhouse. For the Swiss greenhouse, 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ млл Ƴч ƻŦ ǎƻƭŀǊ ǘƘŜǊƳŀƭ ǇŀƴŜƭǎ ŀǊŜ ƴŜŜŘŜŘΣ ǿƘƛŎƘ ƛǎ ŀōƻǳǘ ƻƴŜ-sixth of the 

greenhouse's surface area. Interestingly, the regeneration of TCF occurs year-round since it depends 

on the temperature difference between the air and the TCF, rather than on the absolute 

temperature. tǊƻŘǳŎǘƛƻƴ ŜȄǇŜǊƛŜƴŎŜǎ ŀ ǎƭƛƎƘǘ ŘŜŎǊŜŀǎŜ ŘǳǊƛƴƎ ŎƻƭŘŜǊ ƳƻƴǘƘǎ ŘǳŜ ǘƻ ǎƘƻǊǘŜǊ Řŀȅǎ 

ŀƴŘ ƛƴŎǊŜŀǎŜŘ ŎƭƻǳŘ ŎƻǾŜǊΦ 

 
Figure 16. TCF (MgCl2) absorption and regeneration. 

Based on the quantity and usage pattern of TCF utilized and regenerated, the minimum required 

size for TCF storage has been determined (Figure 17). 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 lower; by the end of this season (March) the 

storage is fully occupied by diluted TCF. Conversely, by the end of the warm season, due to opposite 

conditions, the storage is entirely filled by concentrated TCF. The required storage volume is approx. 

175 litres per square meter of greenhouse area. 
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Figure 17. 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 in Figure 18. 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 

greenhouse. In a closed cycle, the released dry air is then injected into the drying chamber where 

the humidity of the vegetables can be extracted.  

 
Figure 18. 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 state-of-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 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. 

 

TCF 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 achievable at a given temperature. For 

ŜȄŀƳǇƭŜΣ ŀǘ нлϲ/ ǿƛǘƘ ŀƴ aƎ/ƭ2 solution, the maximum degree of dehumidification does not drop 

below 35%. MgCl2 was chosen in the greenhouse for its availability and low cost, but its 

ƘȅƎǊƻǎŎƻǇƛŎƛǘȅ ƛǎ ƭƛƳƛǘŜŘΦ !ǘ нлϲ/Σ ǘƘŜ ƘǳƳƛŘƛǘȅ ƻŦ ǘƘŜ ŀƛǊ Ŏŀƴƴƻǘ ōŜ ǊŜŘǳŎŜŘ ōŜƭƻǿ ор҈ wIΦ ²ƘƛƭŜ 

for plant cultivation this humidity level is unacceptable because it is too low, for a drying process it 

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

 
Figure 20. Comparison of different TCFs. 

 

For the drying process, we aimed to find and test a TCF with better hygroscopic properties than 

MgCl2, but with affordable costs. Additionally, it needed to be a TCF compatible with the food 

Figure 19Φ 5ǊȅŜǊΩǎ ƛƴǘŜǊƛƻǊ ǿƛǘƘ 
dried herbs. 

Table 2. Different TCFs tested for the drying process. 
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industry. The characteristics of different TCFs were analysed in Table 2 and the choice was NaOH, 

which is widely used in baking and meets these requirements. 

A problem that can arise with the use of NaOH is its reactivity with the CO2 present 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. In Figure 21, CO2 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. 

 
Figure 21. CO2 reaction with NaOH. 

In the absorber for dehumidifying the air (drying process), the air is continuously recirculated. As 

shown by the red line, the CO2 reacts 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 

The concentration of TCF used in the 

laboratory tests was 50% at the 

beginning of the drying process and 

44% at the end. It was never replaced 

during the whole drying process. 

The absorption power was therefore 

higher at the beginning than at the 

end. However, in the final stages, 

removing the remaining moisture 

from the nearly dried herbs is more 

challenging. 

A high concentration of TCF is not 

strictly necessary at the beginning of Figure 22. Proposed concept for the drying process. 
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the drying process, while it is essential in the final stages. For this reason, the concept illustrated in 

Figure 22 is proposed. ǇǊƻŎŜǎǎ ǎǘŀǊǘǎ ǿƛǘƘ ŀ ŘƛƭǳǘŜŘ ¢/CΣ ǿƘƛŎƘ ƛǎ ǘƘŜƴ ǊŜǇƭŀŎŜŘ ƛƴ ǎǳōǎŜǉǳŜƴǘ ǇƘŀǎŜǎ 

ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎƻƴŎŜƴǘǊŀǘŜŘ ¢/CΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ōȅ ǊŜǳǎƛƴƎ ǘƘŜ ¢/C ŦǊƻƳ ǘƘŜ Ŧƛƴŀƭ ǎǘŜǇ ƻŦ 

ƻƴŜ ōŀǘŎƘ ƻŦ ƘŜǊōǎ ƛƴ ŀƴ ŜŀǊƭƛŜǊ ǎǘŜǇ ƻŦ ǘƘŜ ƴŜȄǘ ōŀǘŎƘΦ  Only when the TCF is so diluted that it can 

no longer absorb will it be sent for regeneration or to the diluted TCF storage. 

 

Figure 23. Volume reduction in the step process. 

Using a step process, it is possible to reduce the volume required by the storage as illustrated in 

Figure 23. 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 picture of Figure 24, the blue arrows represent 

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

 
Figure 24. 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 or low-temperature 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 in the demonstration greenhouse in Tunisia is to assess the 

performance of a Brine-based Liquid Desiccant System (LDAS), used for greenhouse air conditioning. 

This investigation focuses on evaluating the efficiency of the LDAS in creating a balanced and 

ŎƻƴǘǊƻƭƭŜŘ ŎƭƛƳŀǘŜ ǿƛǘƘƛƴ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ǳƴŘŜǊ ¢ǳƴƛǎƛŀΩǎ /ƭƛƳŀǘŜ /ƻƴŘƛǘƛƻƴǎΦ The LDAS system is 

implemented and tested in an innovative Water Cycling Greenhouse, which is characterized by an 

accordion shape designed to collect the maximum amount of condensate water. 

In the system, the focus is put on the three points: 

1. Desiccant regeneration during nighttime using heat stored during daytime:  

¶ Day/Night thermal heat accumulation and heat release (passive collection of cool 

from night). 

¶ Possibility of improved regeneration with additional heat source (plastic solar 

collectors, potentially residual heat from CSP). 

¶ Possibility of Regeneration using solar heater with 24 h operation. 

2. Accumulation of CO2 (1000 ς 2000 ppm) in the closed atmosphere: 

¶ Improved photosynthesis if other growth factors like water/nutrients are also 

satisfied. 

¶ Improved production. 

¶ Improved heat acceptance allowing fewer cooling measures (sufficient CO2 supply 

even at closed stomata resulting of heat- and/or water stress). 

3. Water recovery by combined evapo-condensation: 

¶ Water from air humidity to desiccant during daytime, 

¶ Water from desiccant to air during nighttime, 

¶ Condensation of water at inner surface of the foil, 

¶ Removal of water droplets by modified roof shape, providing sufficient slope for 

droplet removal- and collection, 

¶ Heat removal by modified roof shape (zig-zag) 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: 

¶ The greenhouse with an accordion shape aiming to maximize condensate water collection, 

¶ Two Absorber devices,  

¶ The Desiccant loop (two storage tanks, pumps, pipes, electro-valves), 

¶ The Air Loop (air ducts, fans), 

¶ The Monitoring System. 

 
Figure 25. Scheme of the system. 

The new design is aimed at receiving 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. 

 
Figure 26. Greenhouse technical specifications ς Zig-Zag (accordion) shape. 
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The water tank presented in Figure 27 is a 

combined tank collecting rainwater from the 

rooftop of the greenhouse as well as collecting 

condensed water droplets from the inner 

ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜΩǎ ŦƻƛƭΦ 

 

 

 

 

 

 

Absorber design 
The absorber is the main component of the greenhouse air-conditioning 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. 

 
Figure 28. The absorber installed in the Tunisian demonstrator (left) and inside structure of the absorber 

(right). 

Initial tests of the absorber prototype provided clear information on deficits in liquid distribution. 

The infrared (IR) analysis (Figure 29) 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 absorbers. The unequal distribution of air in the bottom of 

Figure 27. 100 m2 closed 
greenhouse (top) and 1 m3 

water recovery tank (bottom). 
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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.  

 

Figure 29. 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 the inner area of the volume. 

 
Figure 30. 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 (20l/min, withdrawal of ~5 kW of heat at ɲT=5K). The 

optimisation is performed for equalised flow of the solution. 

 

Properties of the desiccant solution 
Testing the performance of the desiccant: 

¶ The effect of the Brine Solution provided by Sallina 

Sfax (Mare Alb) was tested under greenhouse 

climate conditions. 

¶ Measurements have been performed for air inside a 

bottle of Brine solution and a bottle of water to 

compare the air temperature and humidity. 
Figure 31. Measurement with 2 bottles. 
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Brine composition: 

¶ Density: 1.350, 

¶ Magnesium Mg: 112.65 g/l, 

¶ Sulphate SO4: 34.09 g/l, 

¶ Other residues (Ca, Cl, KΧ): 428 g/l. 

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 (MgCl2). 

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 humidity of air in contact with the BLD. 

When air reaches equilibrium with the BLD, its relative humidity corresponds to the ERH of the 

desiccant fluid. 

 
Figure 32. Brine solution effect - 21 January 2022. 

The measured values of ERH are in accordance with established literature referencing ERH value of 

онΦту ҕ лΦмс҈ ŦƻǊ ǇǳǊŜ ǎŀǘǳǊŀǘŜŘ aƎ/ƭ2 ǎƻƭǳǘƛƻƴ ŀǘ нрϲ/Φ 

The yellow curve in Figure 32 shows 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. The blue line shows the 

relative humidity inside the greenhouse in the air which is surrounding these two containers. 

 

Desiccant circulation in the system 
¢ǿƻ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ǎǘƻǊŀƎŜ ǘŀƴƪǎΣ ǿƛǘƘ ŀ ǘƻǘŀƭ ǾƻƭǳƳŜ ƻŦ мр Ƴш ƻŦ ǘƘŜ ōǊƛƴŜ ǎƻƭǳǘƛƻƴ ǿŜǊŜ ǳǘƛƭƛȊŜŘ 

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 on stands at 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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Figure 33. Installation of the Storage tanks and connection of the desiccant system components. 

 

 

Figure 34. Pumps and electrovalves. 
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Air distribution inside the greenhouse 
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. 

 
Figure 35. Installation of the Absorber devices and the air circulation system inside the greenhouse (fans + air 
ducts).  

Figure 35 presents 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. The control of the desiccant system operation is performed according to 

three stages in day and night modes. The 1st mode is run by only 1 pump. The 2nd mode is run by the 

second larger pump and in the 3rd mode where both pumps are running all together. 

The implemented monitoring allows to perform measurements of: 

¶ temperature and relative humidity, 

¶ the desiccant flowrate,  

¶ CO2 concentration,  

¶ the desiccant level inside the storage tanks. 

Using the monitored data, it is possible to calculate the energy balance and the efficiency of the 

system. 
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Figure 36. Installation of the control box, the sensors and the data acquisition system. 

Conclusions 
As the last part of the presentation of the Tunisian demonstrator, some conclusions and learnings 

are presented below: 

¶ High level of air tightness in the greenhouse is needed to reach condensation conditions. 

¶ Error-friendly 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. 

The next steps that should be undertaken to improve the system and ensure higher efficiency and 

reliability are as follows: 

¶ Use of phase-change material (PCM) for the heat storage will allow a reduction of desiccant 

quantity by 50-90%. 

¶ Integration of PCM in absorber may also reduce pumping costs by 50-90% providing also 

slight reduction of ventilation requirements (~30%). 

¶ [ƻǿ Ŏƻǎǘ t/a ŦƻǊ ƳŜƭǘƛƴƎ Ǉƻƛƴǘ ŀǘ ŀǊƻǳƴŘ олϲ/ όwŜŎȅŎƭŜŘ ŎƘƛǇ Ŧŀǘ or sodium carbonate can 

be consider for such use). 

¶ Further simplification of Zig-Zag construction is possible, finally not much more expensive 

than existing tunnel greenhouses 

¶ Further research activities required ς also due to a lack of alternatives for overcoming the 

water crisis 

¶ There are high recent activities in building air conditioning using liquid desiccants. Start-up 

companies such as "Blue Frontier" (funded by Bill Gates) and "7AC" are recent multi-million 

investments. There is high competition in this type of research, not only in the field of 

greenhouses. 
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3. Simulations and optimisation ς Case studies 

3.1. Case studies 

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. 

 
Figure 37. Greenhouse distribution in the countries of the European Union EU-27 (EUROSTAT, 2023a). 

Spain, with the largest extension of horticultural greenhouses in Europe, was sleeted as the priority 

area of study. In 2023, the area of horticultural greenhouses was 77 923 ha. 

 
Figure 38. Map of Spanish regions with different surfaces of greenhouses. 

Italy, with a robust greenhouse industry, was identified in the previous Task T3.1 ς Market 

ŜǾŀƭǳŀǘƛƻƴ ŀǎ ǇƻǘŜƴǘƛŀƭ ƛƴƛǘƛŀƭ ƳŀǊƪŜǘǎ ŦƻǊ ¢ƘŜDǊŜŜŦŀΦ IŜǊŜ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜǎΩ ŀǊŜŀ ƛƴ нлно ǿŀǎ 

35 229 ha.  
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Figure 39. Map of Italian regions with different surfaces of greenhouses. 

¢ƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ƛƴŎƭǳŘŜŘ ǘƘǊŜŜ ŎŀǎŜ ǎǘǳŘƛŜǎ ǿƘƛŎƘ ƘŀǾŜ ōŜŜƴ ǎŜƭŜŎǘŜŘ ƛƴ !ƭƳŜǊƝŀ ό{ǇŀƛƴύΥ  

¶ ¦ƴƘŜŀǘŜŘ !ƭƳŜǊƝŀ-type greenhouse naturally ventilated. 

¶ Unheated multispan greenhouse with climate controller. 

¶ Multispan greenhouses heated with natural gas. 

 

 
Figure 40. Simple greenhouse of Almeria-ǘȅǇŜ ǿƛǘƘ ǎǘǊǳŎǘǳǊŜ ƛƴ ϦǊŀǎǇŀ ȅ ŀƳŀƎŀŘƻάόǘƻǇύ ŀƴŘ ƘƛƎƘ-tech 

greenhouse with multispan structure (bottom). 
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Lƴ ǘƘŜ !ƭƳŜǊƝŀ-ǘȅǇŜ ƎǊŜŜƴƘƻǳǎŜ ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƳŜǊƝŀΣ ǘǿƻ ǘƻƳŀǘƻ ŎǊƻǇǎ ŘŜǾŜƭƻǇŜŘ ƛƴ ǘƘŜ 

2017/18 season and in the current 2023/24 season have been analysed. Several alternatives of crop 

combinations have been grown in unheated multispan greenhouses during the development of 

TheGreefa project: cucumber-tomato, cucumber-pepper and tomato-zucchini. 

 

Figure 41Φ ¢ƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŎǊƻǇǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŀƴŀƭȅǎŜŘ ƛƴ !ƭƳŜǊƝŀ ŀƴŘ ƳǳƭǘƛǎǇŀƴ ƎǊŜŜƴƘƻǳǎŜǎ ƻŦ ǘƘŜ 
University of Almeria. 

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

¶ Unheated multispan greenhouse. 

¶ Multispan greenhouses heated with natural gas and oil and wood chips. 

 
Figure 42Φ ά/ƘŜǊǊȅέ ǘƻƳŀǘƻ ŎǊƻǇ ƛƴ ǳƴƘŜŀǘŜŘ ƳǳƭǘƛǎǇŀƴ ƎǊŜŜƴƘƻǳǎŜǎ όƭŜŦǘύ ŀƴŘ ƘŜŀǘŜŘ ƳǳƭǘƛǎǇŀƴ 

greenhouse (right). 

Sources of information 

¶ The technical-ǇǊƻŘǳŎǘƛǾŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜǎ ƻŦ !ƭƳŜǊƝŀ has been carried 

out through a survey carried out during the year 2022 by the Andalusian Cooperative 

Society AFE to 222 members, covering 610 greenhouses (1.4% ƻŦ ǘƘŜ ǘƻǘŀƭ ŀǊŜŀ ƛƴ !ƭƳŜǊƝŀύΦ 

¶ tǊƻŘǳŎǘƛƻƴ Ŏƻǎǘ ƻŦ ƎǊŜŜƴƘƻǳǎŜǎ ƻŦ !ƭƳŜǊƝŀ for the seasons 2021-22 and 2022-23 have been 

analysed for !ƭƳŜǊƝŀ-type unheated greenhouses for seven different alternatives of crops 

cycles, from the data of the Prices and Markets Observatory of the Ministry of Agriculture, 

Livestock, Fisheries and Sustainable Development of the Government of Andalusia - JA.  

¶ Production costs, energy, water, fertiliser and phytosanitary products consumption has 

been measured, during seasons 2020-21, 2021-22, 2022-23 and 2023-24 for unheated 
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!ƭƳŜǊƝŀ-type and multispan greenhouses of the ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƳŜǊƝŀ for tomato, pepper 

and cucumber crops. 

¶ Tomato production costs of unheated multispan greenhouses in Italy have been obtained 

from governmental data (Istituto di Servizi per il Mercato Agricolo Alimentare - ISMEA) and 

energy and water consumption have been measured by Sfera Agricola in a commercial 

heated multispan greenhouse, estimating the associated production costs. 

¶ A Life Cycle Impact Assessment (LCIA) has been developed estimating the main 

environmental impacts factors for the five case studies using 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 humidity, incorporate CO2 

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: 

¶ Adequate air, plant leaves and soil temperatures. 

¶ Moderate relative humidity to avoid condensation or hydric stress. 

- Hight level of photosynthetically active radiation (PAR). 

- CO2 concentration of air around the outside level of 420 ppm. 

- Uniformity of the different climate parameters. 

 

Figure 43. Distribution of CO2 ƛƴǎƛŘŜ ǎƻƭŀǊ ƎǊŜŜƴƘƻǳǎŜǎ ƻŦ !ƭƳŜǊƝŀ ƻŦ ǘȅǇŜ ϦǊŀǎǇŀ ȅ ŀƳŀƎŀŘƻϦ ƻǊ ǎƛƳǇƭŜ όŀύ 
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 complement to other systems in order to reduce 

energy use. 
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Figure 44. Classification of various climate control systems for greenhouses - passive 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. 

Table 3. Energy consumption of greenhouse agriculture in some European countries (several studies). 

 

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

the area occupied by greenhouses remains very stable. 

Table 4. Area covered by greenhouses and vegetable production in the different regions of Spain and Italy. 
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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 prices are between 15 and 20% higher in Italy. 

Table 5Φ !ǾŜǊŀƎŜ ǇǊƛŎŜ ώϵκƪƎϐ ƻōǘŀƛƴŜŘ ōȅ ŦŀǊƳŜǊǎ ŦƻǊ ƎǊŜŜƴƘƻǳǎŜ ǇǊƻŘǳŎǘƛƻƴ ƛƴ {Ǉŀƛƴ ŀƴŘ Lǘŀƭȅ ƛƴ ǘƘŜ ƭŀǎǘ 
seasons (JA, 2024a; ISMEA, 2024a). 

 

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. Case Study 1 ς ¦ƴƘŜŀǘŜŘ !ƭƳŜǊƝŀ-type greenhouse 

¢ƘŜ ŦƛǊǎǘ ŎŀǎŜ ŀƴŀƭȅǎŜŘ ƛǎ ǘƘŜ !ƭƳŜǊƝŀ-type greenhouses, which account for more than 70% in Spain. 

Its investment cost is 15-нл ϵκƳ2. 

 
Figure 45Φ !ƭƳŜǊƝŀ-type greenhouse (a) and tomato crop inside (b) in the UAL-ANECOOP Experimental 

{ǘŀǘƛƻƴ ƛƴ !ƭƳŜǊƝŀ ό{ǇŀƛƴύΦ 

These greenhouses achieve productivity values normally lower than 15 kg/m2, with production costs 

ƻŦ лΦт ǘƻ мΦл ϵκƪƎΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǇǊƛŎŜǎ ƻŦ ŜŀŎƘ ȅŜŀǊΣ ŦŀǊƳŜǊǎ Ŏŀƴ ƻōǘŀƛƴ ŀ ǇǊƻŦƛǘ ƻŦ ǳǇ ǘƻ 

50,000 ϵκƘŀ ƻǊ ƻōǘŀƛƴ ƭƻǎǎŜǎΦ 
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Table 6Φ tǊƻŘǳŎǘƛƻƴ Ŏƻǎǘǎ ƳŜŀǎǳǊŜŘ ŦƻǊ ǘƻƳŀǘƻŜǎ ƎǊƻǿƴ ƛƴ ŀƴ !ƭƳŜǊƝŀ-type greenhouse in the seasons 
2017/18 (costs updated to the 2022/23 season) and 2023/24, located in the Experimental Farm University 

ƻŦ !ƭƳŜǊƝŀ-ANECOOP. 

 

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 kWh/m2, and water consumption varies between 15-75 l/m2. 

Table 7Φ 9ƴŜǊƎȅ ŀƴŘ ǿŀǘŜǊ ŎƻƴǎǳƳǇǘƛƻƴ ƳŜŀǎǳǊŜŘ ƛƴ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǳƴƘŜŀǘŜŘ !ƭƳŜǊƝŀ-type greenhouse 
of the University of Almeria. 

 

In these greenhouses the lowest environmental impacts are achieved. The structure of the 

greenhouse and the irrigation system generate the greatest impact. The values calculated for the 

two tomato crops developed in the UAL greenhouses are similar to those published, with emissions 

between 95 and 280 kg CO2 eq/tn. 

Table 8. Total environmental impacts factors provided by the EXCEL EUPHOROS simulation model (Torrellas 
Ŝǘ ŀƭΦΣ нлмоύ ŦƻǊ ǘƻƳŀǘƻ ŎǊƻǇǎ ƛƴ ǳƴƘŜŀǘŜŘ !ƭƳŜǊƝŀ-ǘȅǇŜ ƎǊŜŜƴƘƻǳǎŜǎ ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭƳŜǊƝŀ ό¦![ύ ŀƴŘ 
calculated by Martin-Gorriz et al., 2011 (MG) and by DŀǊŎƝŀ aŀǊǘƝƴŜȊΣ нлмф όDaύ ōȅ ŦǳƴŎǘƛƻƴŀƭ ǳƴƛǘ όм ǘƻƴƴŜ 

of marketable tomatoes). 
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3.3. Case Study 2 ς Unheated multispan greenhouses in Spain 

Unheated multispan greenhouses represent around 2% of the greenhouse area in Spain. The cost 

ƻŦ ǘƘƛǎ ǘȅǇŜ ƻŦ ƎǊŜŜƴƘƻǳǎŜ ǾŀǊƛŜǎ ŦǊƻƳ нр ǘƻ оу ϵκƳ2. 

 
Figure 46. Unheated multispan greenhouse (a) and tomato crop inside (b) in the UAL-ANECOOP 

9ȄǇŜǊƛƳŜƴǘŀƭ {ǘŀǘƛƻƴ ƛƴ !ƭƳŜǊƝŀ ό{ǇŀƛƴύΦ 

In these greenhouses, productions greater than 15 kg/m2 can be achieved, depending on the 

ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŎǊƻǇǎΦ tǊƻŘǳŎǘƛƻƴ Ŏƻǎǘǎ ǾŀǊȅ ŦǊƻƳ лΦр ǘƻ мΦр ϵκƪƎΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ рл-100 thousand 

ϵκƘŀΦ IƛƎƘŜǊ ƛƴǾŜǎǘƳŜƴǘ Ŏƻǎǘǎ ƳŀƪŜ ƛǘ ŘƛŦŦƛŎǳƭǘ ǘƻ ƻōǘŀƛƴ ǇǊƻŦƛǘǎ ƛŦ ǇǊƻŘǳŎǘǎ ŀǊŜ ǎƻƭŘ ŀǘ ǘƘŜ ŀǾŜǊŀƎŜ 

price. Normally, farmers with this type of greenhouses tend to obtain better sales prices through 

direct contracts with distribution companies. 

Table 9. Production costs in the seasons 2020/21- 2023/24 of crops cultivated in the unheated multispan 
experimental greenhouses located in the Experimental Farm UAL-ANECOOP. 

 

9ƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ !ƭƳŜǊƝŀ ǘȅǇŜΣ ǾŀǊƛŀǘƛƴƎ ōŜǘǿŜŜƴ м ŀƴŘ мΦр ƪ²ƘκƳ2, 

and with water consumption varying between 15 and 75 l/m2. 




















































