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Abstract : Greenhouse agriculture in arid environments is booming in Algeria, particularly in the North 

East of the Sahara where the exploitation of naturally hot water from the Albian requires cooling prior to 

irrigation. This study evaluates the opportunity of combining a "Earth-Water-Air coaxial exchanger 

(EWAHE)" geothermal system with agricultural greenhouses, both for heating and for cooling water in 

winter. The results obtained by numerical simulation are very encouraging and confirm that such a system 

is very promising in terms of both energy efficiency and environmental impact.  
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1. Introduction - The production rate of vegetable crops in the North East of the Algerian Sahara is among 

the highest in the country with more than 13.5 million quintals per year produced in the area of Biskra and 

El Oued.[1]. This mass agriculture relies in particular on the deep waters of the albian aquifer, (Fig. 1) - 

which are at a temperature of around 50°C [2] which requires cooling prior to its use. 

 

The cultivation of certain species such as tomato, succeeds under a temperature range between15°C et 30°C 

[3]while the climate in Biskra according to the Koppen classification [4] is (Saharan), Hot in summer, cold 

and dry in winter where the temperature drops to almost 0°C. Thereupon, heating greenhouses with 

geothermal water would be a practical and economical solution. Among the studies carried out on this 

subject, Babi et al. [5] conducted an experimental study on heating an agricultural greenhouse using 

geothermal water in the region of Ouargla, 

where they confirm the relevance of such a 

process. However, the system used is not 

clearly defined. Georges C et al. [6] studied a 

heating system for greenhouses for growing 

roses in Greece using geothermal water at a 

temperature of 95°C. The water passes 

through a heat exchanger to supply fan coils. 

This system keeps the interior temperature 

above 20°C. In this context, a new geothermal 

system was modeled by Dehina et al [7] 

named EWAHE (Earth Water to Air Heat 

Exchanger) where a hot water tube is 

incorporated into a Canadian well (Fig. 2). 

The purpose of this study is to assess the 

energy efficiency of said exchanger for 

heating agricultural greenhouses from 

geothermal water and cooling the latter, 

before irrigation. 

 

Figure 1 : Geothermal resources in Algeria. (Ouali S. et al., 2018) [2] 

 



 
Figure 2 : Sectional drawing of EWAHE exchanger [7] 

 

2. System description - We consider a plot of land of Five (05) hectares irrigated at a rate of 30 m3/ Day/ 

Hectare. The geothermal hot water is diverted in two branches 80 ml in length and passes through an 

EWAHE co-current coaxial exchanger before being stored and cooled in an open-air tank. At the outlet of 

the exchanger, the heated air is directed to two identical greenhouses of 420m² each with a volume of 800 

m3 (Fig 3).. 

 

Other considerations are listed below: 

1. Exchanger 

• Depth : 2m 

• Interior pipe (Water) : D= 80/90mm 

of galvanized steel. 

• Exterior pipe (Air) : D= 240/250mm 

of P.V.C 

• Soil :  = 1700 kg/m3, c = 1500 J.kg-

1.K-1, = 1.5 W.m-1.K-1 

2. Fluids 

• Water : Q=7.5m3/h, 

Inlet temperature = 50°C 

• Air : Q=1600 m3/h, corresponds to a 

2V air renewal rate. 

Ambient temperature at inlet 

3. Irrigation scenario: From 10 p.m. to 8 

a.m. from December 01 to February 

28. During this time the exchanger is 

running. 

Figure 3: EWAHE Greenhouse heating system by EWAHE 

 

 

 

3. System modeling 

 

A. EWAHE Exchanger Model - The semi-analytical model developed by Dehina K. et al. [7] gives the 

temperature of the water and air at the outlet of the exchanger respectively Tw(y)and Ta(y) 

 

𝑇𝑤(𝑦) = 𝑇𝑔 + 𝑒−𝑁𝑇𝑈1(𝑦)(𝐶(𝑦)∆𝑇𝑤−𝑔 + 𝐷(𝑦)∆𝑇𝑎−𝑔)     (1) 

 

And 

 

𝑇𝑎(𝑦) = 𝑇𝑔 + 𝑒−𝑁𝑇𝑈1(𝑦)(𝐸(𝑦)∆𝑇𝑎−𝑔 + 𝐹(𝑦)∆𝑇𝑎−𝑤)     (2) 

 

WithNTU,C(y), D(y), E(y) et F(y) Parametric quantities given by: 

 

𝑁𝑇𝑈1(𝑦) =
𝐴𝑦

2𝑞𝑤𝑞𝑎
 (3) 

 



𝑁𝑇𝑈2(𝑦) =
𝑦√−𝐵

2𝑞𝑤𝑞𝑎
 (4) 

 

 

𝐶(𝑦) = cosh(𝑁𝑇𝑈2(𝑦)) +
𝐴 − 2𝑞𝑎𝑈𝑤𝑎

√−𝐵
sinh(𝑁𝑇𝑈2(𝑦)) (4) 

 

𝐷(𝑦) =
2𝑞𝑎𝑈𝑤𝑎

√−𝐵
sinh(𝑁𝑇𝑈2(𝑦))    (5) 

 

𝐸(𝑦) = cosh(𝑁𝑇𝑈2(𝑦)) +
𝐴 − 2𝑞𝑤𝑈𝑎𝑔

√−𝐵
sinh(𝑁𝑇𝑈2(𝑦)) (6) 

 

𝐹(𝑦) = −
2𝑞𝑤𝑈𝑤𝑎

√−𝐵
sinh(𝑁𝑇𝑈2(𝑦))    (7) 

 

 

T represents the temperature difference between two media designated by the indices, g, w, a, respectively, 

ground, water and air. A and B are parametric quantities [7]. The numerical simulation of the EWAHE heat 

exchanger was carried out using Matlab software.  

 

B. Greenhouse model - The greenhouse is modeled under the Trnsys software by the Type 56 coupled to 

the Type 703 which represents the soil. The air emitted from the EWAHE exchanger is modeled by Type 

111a. 

Garzoli [8], respectively gives the interior and exterior convective coefficient of a tunnel greenhouse 

equipped with a polyethylene film 

ℎ𝑖 = 7.2 𝑊. 𝑚−2. 𝐾−1    (8) 

and 

ℎ𝑒 = 7.2 + 3.84𝑣𝑒   (9) 

 

ve is wind speedm.s-1 

 

The air leakage rate n given by Meknassi [9] is : 

𝑛 = 0.5 + 0.25𝑣𝑒     (10) 

 

Other parameters such as the latent heat of evaporation from the soil, The enthalpy transfer resulting from 

the water condensation vapor from the indoor air on the internal cover face are given by Mesmoudi[10]  

Results and discussion 

The blowing of hot air by the EWAHE exchanger brings considerable energy savings to the greenhouse 

and stabilizes the temperature around values recommended for plant growth. In Figure 4 we see a rise in 

temperature under the effect of the exchanger (With EWAHE case) of the order of 7°C during the night, 

when the exchanger is running, compared to the case of a greenhouse in free thermal evolution (Without 

EWAHE). Shutting down the system during the day effectively prevents overheating. 

Figure 5 shows that the coupling of the exchanger to the greenhouse is favorable to the growth of the 

plantations since during the winter, the temperatures between 15 and 30°C represent 70.2% of the time, 

against barely 40.5% in the case of without EWAHE. In the same order, temperatures below 10°C represent 

0.2% of the time against 21.4% while temperatures above 35°C represent only 2.5% with the exchanger 

against 1.3% without the exchanger. 

Figure 6 shows the change in air and water temperature along the heat exchanger during a winter morning. 

The drop in water temperature at the outlet of the exchanger is of the order of 1.5°C, or an average 

temperature of 48.5°C. 

Under these conditions, the energy input provided by the air heated to the greenhouse is 20.35kWh or 4.19 

kg CO2/kWh. Over the winter season, the system reduces the release of 9 tons of CO2 per greenhouse. 

This result shows that the energy potential of water remains very important to supply other greenhouses 

upstream. Thus, it is possible to supply 09 other pairs of greenhouses before the water reaches 33 ° C, for 

a total of 20 greenhouses with a total area of 8,400 m. The ratio (Greenhouse area / Irrigated area) is 16.8%. 

The drop in water temperature means less storage time, which also reduces the storage volume. 



 
Figure 4 : Ambient temperatures in greenhouses with and without EWAHE exchanger 

 

 
Figure 5 : Distribution of greenhouse temperatures 
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Figure 6 : Evolution of water and air temperature along the exchanger 

 

 

4. Conclusion - A co-current buried coaxial exchanger in which naturally hot geothermal water circulates 

and air drawn in from the outside helps to heat the greenhouses and cool the water before use. The warmed 

air is emitted in agricultural greenhouses at night and early in the morning. The case study presented showed 

the benefit of using such a system that stabilizes the indoor temperature within an interval conducive to the 

development of widely consumed species such as tomatoes. 

Thus, during the winter period, the system made it possible to: 

• Increase the hour rate (temperature range favorable to crop production varying from 15°C to 

30 ° C) from 40% to 70%. 

• To stay above 10 ° C almost all the time. 

• To cool the geothermal water by 1.5°C on average per pair of 420m² greenhouses. 

• 10 greenhouses of 420m² each can be heated by this system. 

• The ratio that expresses the ratio between the area of greenhouses that can be heated and the 

area irrigated is 16.8%. 

• • A very significant reduction in the greenhouse gas emission. 82 tons of CO2 emissions 

avoided for the 10 greenhouses. 

This study shows the advantages of using this system on a large scale in the presence of hot geothermal 

water, due to its simplicity and economy. Further investigations on the association of EWAHE exchangers 

with agricultural greenhouses could be made on: 

• Thermal regulation. 

• Adaptation to specific types of crops 

• Association with other renewable energetic systems 
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6. Nomenclature 

 

c: Mass heat capacity   J.kg-1.K-1 

D: Diameter m 

h: Convective heat transfer coefficient W.m-2.°K-1 

L: Length m 

�̇�: Mass flow   kg. s-1 

n: Rate of ventilation      - 

NTU:  Number of Transfer Units    - 

D: Diameter m 

q: Unitary heat flow W/K 

Q : hydraulic flow  m3.s-1 

T: Temperature   K 

U:  Thermal conductance W.m-2.K-1 

v: Air velocity m.s-1 

V: Air flow m3.h-1 

y :coordinate (m) 

 

Greek letters: 

: Thermal conductivity   W.m-1.K-1 

𝜌:  Density    kg.m-3 

 

Indices: 

a: Air 

e: External 

g: Ground 

i: Internal 

w: Water 

 

 

 

 


