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A B S T R A C T  

 

The commonly used energy in Iranian greenhouses is provided from gas or diesel fuel. As fossil fuels will be 
finished in the coming years, the utilization of renewable energies could be quite significant. In this research, 
the thermal potential of the soil profile was studied in Kouhsar, Alborz province, Iran, for utilizing the shallow 
geothermal energy in order to supply thermal demands of building like greenhouses. Therefore, the 
temperature sensors were set at the four depths of 30, 100, 200, and 300 cm as well as at the ground surface. 
The results showed that the greater the depth, the less fluctuation of the soil temperature as well as the greater 
the temperature difference of the soil profile against the ambient air temperature. These results suggest that 
the potential of the earth could be used to warm up or cool down in this location for an agricultural structure 
like greenhouse. The soil profile temperature behavior was modeled at different depths by two methods as 
heat transfer and empirical. The empirical model was simpler than the other one. As the possibility of using 
geothermal energy in this region has not been investigated. This research could be an effective step for using 
renewable energy for agricultural structures like greenhouses. 

doi: 10.5829/ijee.2019.10.04.06 
 

 
INTRODUCTION1 

 

For many years, human beings have been thinking for 

developing appropriate technologies to improve their life and 

meet their needs. Energy plays an important role in the 

development of human sciences, since all processes undergo 

energy and energy conversion to other types. In this regard, 

fossil fuels play an important role but, the end-use of energy 

from fossil fuels, especially crude, the today’s world requires 

using other resources to replace it [1]. Recently, in addition to 

the food and water crises in the world, the energy crisis is also 

quite noticeable [2]. 

Today's human life depends directly and indirectly on 

various sources of energy such as oil, gas and so on, and it is 

hard and even impossible to imagine living without access to 

these resources. On the other hand, the rapid passage of time 

makes this alarm taller and obvious that non-renewable 

energy sources are ending, so the need to discover and use 

new energy sources is becoming more and more serious [3]. 

As a result, solutions that can be used economically from 

clean energy are considered [1, 4]. 

Following the recommendation for using clean or 

renewable energies, in recent years, the use of solar energy 
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has been a source of great interest, but the great problems is 

the non-economics and the limitation of its use when it comes 

to cloudy sky or night. Other sources, such as the use of 

marine energy, etc., are expensive because of their high initial 

cost and the need for high technology, as well as being located 

in a specific position near the sea, which there is little use in 

energy supply. This makes these mentioned sources of 

renewable energy impossible to use everywhere [5-8]. 

Among renewable energies, geothermal energy is not 

depended on the season, time, and conditions and also can be 

non-stop operation [9-11]. In principle, the temperature below 

the soil surface remains almost constant during the year from 

a certain depth to the next, which is known as the "Earth's 

Undisturbed Temperature (EUT)."This rule is based on that 

as the depth increases, the amplitude of thermal variation 

decreases in comparison with the variation on the soil surface 

due to the soil thermal inertia. So in winter and summer, it can 

be used because in the winter the air in the depths of the earth 

is warmer than ambient air and vice versa in the summer [12-

13]. As a result, it can be used to warm or cool the air in the 

depths of the earth and transfer it to the soil surface in 

residential buildings, greenhouses, livestock and poultry 

units, etc. 

  

http://www.ijee.net/
mailto:ahosseini@ut.ac.ir


Iranian (Iranica) Journal of Energy and Environment 10(4): 260-268, 2019 
 

261 

The earth-to-air heat exchanger systems (EAHEs) provide 

the potential for exploitation of stored energy from solar 

radiation at near-ground depths with a relatively low cost [1, 

14-17]. It is actually the definition of shallow geothermal 

energy. These systems use the thermal energy of the soil 

below the ground as a permanent and constant source of 

energy. The soil profile temperature is higher in the cold 

season and lower in the warm season than the ambient air 

temperature. In practical terms, thermal energy reservoirs as 

geothermal resources can be exploited at costs competitive 

with other energy forms and are classified due to their 

reservoir fluid temperatures into low, medium and high-

enthalpy fields. Heat from the Earth’s core cannot impress on 

the very shallow geothermal energy (about the first 10 meters 

below the soil surface) rather than by solar energy as the main 

one [18]. 

Several studies have been down on the application of 

ground-to-air heat exchangers, in particular, the study of the 

potential of using EAHEs and finding the appropriate depth 

for embedding [19-21]. Gouda [22] studied the application of 

geothermal energy for heating and cooling of agricultural 

structures in Egypt. Geothermal energy system was analyzed 

and restructured as three sub models including soil 

temperature model, EAHE model, and greenhouse model. 

This soil temperature model was more important than the 

others as it used as the main component of EAHE model. 

Another assessment of the thermal potential of EAHEs was 

experimentally performed by Vaz et al. [4] in the south of 

Brazil. They found that May and February were the best for 

heating and cooling the air used in this area, respectively. 

They also reported a complete database for the transient 

temperatures of the soil, external air and inside the building. 

As soil temperature is a substantial parameter in 

geothermal energy applications such as the passive heating 

and cooling of buildings and agricultural greenhouses, most 

researchers, prior to placing the EAHEs in a desired depth, 

examine the potential of the area by different measurements 

of temperature fluctuates in different depths and develop 

different models as a utility to achieve better performance 

[24-26]. 

What is evident in the previous studies is that the modeling 

performed for the temperature of the soil at different depths 

was only solvable by the heat transfer equation, but along with 

this method, it is possible to use mathematical modeling that 

is easier to do and it also requires less parameters than the heat 

transfer equation as the initial and boundary conditions, 

among which are the most important parameters of the 

climate history of an area that may not be available or not 

sufficiently precise. Also, the solution of the heat transfer 

equation requires soil parameters that are time-consuming and 

costly tests. On the other hand, the assumptions used for 

simplicity in numerical simulation or solving the heat transfer 

equation may reduce the accuracy of calculations and 

estimate temperature at different depths. 

Since the areas of Alborz province in Iran have many 

potentials for the development of greenhouses with the 

utilization of green energies and also the potential of the 

EAHE system is not surveyed in this zone while the energy 

crisis is felt more than before in Iran, this study was performed 

to evaluate the EAHE application to provide heating and 

cooling needs of a commercial greenhouse by asking this 

question “Is this region capable of using this energy? Or not”. 

For this purpose, thermal process of the earth in terms of a 

database about the transient temperatures of the soil and the 

external air was presented with the help of two methods of 

modeling including heat transfer and empirical. If the 

climatic, geographic and soil characteristics of this area 

provide the potential for geothermal energy, it can be an 

important step in utilizing this renewable energy in 

agriculture, including greenhouse energy requirements as 

heating, cooling and also ventilation. 

 

 

MATERIALS AND METHODS 
System set up 

In this research, a field was considered for tests in Kouhsar, 

located in Alborz province, Iran (latitude 51°E and longitude 

35°N, at altitude of 1300 m above sea level) during the period 

of 15th January to 1st September, 2018. Temperature of the 

soil profile was measured at four depths of 30, 100, 200 and 

300cm using resistance thermometers sensors of PT-100 with 

the accuracy of 0.1°C connected to a displayer to show the 

temperature of soil at desired depth. After embedding sensors 

in the desired depth, they were carefully backfilled and 

tamped with moist soil. Figure 1 shows the experimental set 

up. In addition to measuring the temperature of the soil at the 

stated depths; the ambient air temperature was recorded by 

ST-171 Data logger (Figure 1) during the aforementioned 

period (with the accuracy of 0.1 °C/% for both temperature 

and relative humidity). 

 

Model Development 

The soil temperature behavior was modeled at different depths 

according to the temperature of the soil surface (ambient air 

temperature). The modeling process included two methods. 

First one is an empirical model resulted by the process of 

temperature changes relative to time using the Least Square 

Regression technique for choosing the best prediction function 

of soil temperature behavior versus time by Matlab 2016. The 

second one is heat transfer model, presented by other 

researchers and validated for the desired position with the 

available data [4, 10, 12-13].  
 

 

 

Figure 1. Schematic of measurement set up 
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Empirical model 

According to the measurements, the models based on periodic 

functions were evaluated by the least square regression 

techniques using curve fitting in MATLAB, version 2016. 

Among the several periodic functions, the sum of Sine, Fourier, 

and Gaussian functions was considered.  

The obtained results from empirical models were evaluated 

and compared with each other by the R-Square, Root Mean 

Square Error (RMSE) and the Sum of Square Errors (SSE) 

statistics. Finally, the best descriptor of each empirical model 

was presented. However, the best descriptor empirical model 

was eventually compared with the heat transfer model. 

The smaller the value of RMSE and SSE, the better is the 

model performance unlike the value of R-square. The RMSE 

and SSE statistics were computed as Equations (1) and (2) [18]: 

𝑅𝑀𝑆𝐸 = √
1

𝑛
∑ (𝑐𝑖 − 𝑚𝑖)2𝑛

𝑖=1   (1) 

𝑆𝑆𝐸 = ∑ (𝑐𝑖 − 𝑚𝑖)2𝑛
𝑖=1   (2) 

 

Heat transfer model  

For presenting a heat transfer model in this study, earth is 

assumed to be a semi-finite solid control volume (Figure 2). 

The general equation for heat transfer without considering the 

sun's radiation is as follows: 

∂𝑇

∂t
=

𝑘𝑠

𝜌𝑠𝑐𝑠
[

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2 +
𝜕2𝑇

𝜕𝑧2]  (3) 

To simplify Equation (3), given that the temperature of the 

earth no significant changes at a certain time along the surface 

relative to the lower depth, and then it can be assumed: 

𝜕2𝑇

𝜕𝑦2 +
𝜕2𝑇

𝜕𝑧2 = 0  (4) 

Therefore: 

∂𝑇

∂t
=

𝑘𝑠

𝜌𝑠𝑐𝑠
[

𝜕2𝑇

𝜕𝑥2] = 𝛼𝑠
𝜕2𝑇

𝜕𝑧2  (5) 

where; 𝛼𝑠 =
𝑘𝑠

𝜌𝑠𝑐𝑠
 

Equation (5) can be solved concerning the boundary and initial 

conditions. 

As the most important factor, the annual pattern of surface 

temperature can be described as a sine wave function of the 

average annual ambient air temperature [27]. The main 

amplitude of the surface temperature wave is dependent on the 

surface reflectivity and soil diffusion properties in the site. As 

the depth of the soil increases, the fluctuation decreases and the 

soil temperature becomes almost uniform. The temperature of 

the underlying layers of the soil numerically has been modeled 

based on the theory of heat transfer in a semi-finite solid body.  
 

 

 
Figure 2. The earth model with the assumption of a semi-finite 

solid control volume 

The temperature of the soil profile depends on some factors 

such as the depth and the time which are affecting on other 

parameters, such as the thermal permeability of the soil, which 

itself depends on the density, thermal conductivity, and specific 

soil radiance. Considering the solution of Equation (3) and 

assuming that the homogeneous soil has a constant thermal 

permeability, EUT at depth z and time t can be obtained from 

Equation (6) [29]: 

𝑇(𝑡,𝑧) = 𝑇𝑚𝑒𝑎𝑛 + 𝐴𝑠𝑒𝑥𝑝 [−𝑧 (
𝜋

365𝛼𝑠
)

1

2
] 𝑐𝑜𝑠 {

2𝜋

365
[𝑡 −

𝑡0 −
𝑧

2
(

365

𝜋𝛼𝑠
)

1

2
]}  

(6) 

The following assumptions were considered as mentioned by 

Sharan and Jadhav [28] and ASHRAE [18]: 

a) The soil surface temperature is equal to the air temperature  

b) The lag phase is at the maximum air temperature  

c) The annual amplitude of soil surface temperature is equal to 

the annual amplitude of air temperature. 

𝑇(𝑡,𝑧) = 𝑇𝑚𝑎 + 𝐴𝑎𝑒𝑥𝑝 [−𝑧 (
𝜋

365𝛼𝑠
)

1

2
] 𝑐𝑜𝑠 {

2𝜋

365
[𝑡 − 𝑡0 −

𝑧

2
(

365

𝜋𝛼𝑠
)

1

2
]}  

(7) 

In this study, 𝑇𝑚𝑎, 𝑡0 and 𝐴𝑎 were taken as the average values 

of ten years from 2007 to 2017 weather data from Hashtgerd 

meteorological station in Alborz province, Iran, which is the 

closest station to the research zone. The soil thermal diffusivity 

(𝛼s) in Equations (6) and (7) was calculated as follows [27]: 

𝛼𝑠 =
24×3600𝑘𝑠

1000𝜌𝑠[𝑐𝑠+𝑐𝑤(𝑤 100⁄ )]
=

86.4𝑘𝑠

𝜌𝑠[𝑐𝑠+4.18(𝑤 100⁄ )]
  (8) 

The thermal conductivity (𝑘𝑠) in Equation (8) is calculated by 

the following empirical equation (Equation (9)) for unfrozen 

sandy soils [29]:  

𝑘𝑠 = (0.101 log 𝑤 + 0.0577)100.000624ρs  (9) 

The specific heat of dry soil (𝑐𝑠) in Equation (8) is nearly 

constant for all types of soil and equal to 0.73 kJ/ kg·°C as 

reported in ASHRAE [18]. 

 

 

RESULTS AND DISCUSSIONS  
Empirical models 

Based on temperature measurements at different depths of the 

soil with respect to time, several empirical models are 

presented using non-linear regression functions including the 

sum of Sine, Fourier, and Gaussian by Matlab Software based 

on the least squares method. According to Figures 3 and 4, 

and the results of the proposed models, the Fourier equation 

of binomial model (Fourier 2) is the best model for describing 

the thermal behavior of each soil depth in the desired time 

interval (January 15 to September 1, 2018) as it showed the 

least SSE and RMSE against the highest R2 for each desired 

soil depth. Table 1 shows a summary of the results of 

different empirical modeling. 

In addition to the results of Table 1, as shown in Figures 

3 and 4, it was observed that at a depth of 300 cm, the 

difference between soil temperatures and air temperatures 

outside the soil was significant for both cold and hot days. 

From this, it can be concluded that as the depth increases, the 

temperature of the soil in the cold season is warmer than the 

air temperature outside the soil, and vice versa, in warm days, 
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Figure 3. Empirical modeling of soil profile temperature fluctuation at the depths 30 and 100cm 

 

 

 
Figure 4. Empirical modeling of soil profile temperature fluctuation at the depths 200 and 300cm 
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TABLE 1. Summary of different empirical modeling results by Matlab 

Soil depth 

(cm) 
Type of function SSE (°C) R2  RMSE (°C) Equation 

30 

Fourier (F1) 440.98 0.963 1.74 f(t) = 17.95 − 14.12 cos(0.0105t) +  3.275 sin(0.0105t) 

Fourier (F2) 140.6 0.988 0.988 
f(t) =   17.13 − 4.252 cos(0.023t) − 3.715 sin(0.023t) − 3.715 cos(0.045t)

− 2.051 sin(0.045t) 

Gaussian (G1) 427.3 0.964 1.705 f(t) = 31.3 exp (−((t − 257.1) 172.6⁄ )2) 

Gaussian (G2) 193.8 0.984 1.16 
f(t)  = 12.83 exp(−((t − 100.1)/69.83)2) 

+  29.79 exp(−((t − 212.9)/65.73)2) 

Sin 1 (S1) 488.4 0.959 1.823 f(t) = 222.3 sin(0.0006t + 0.005) 

Sin 2 (S2) 349.5 0.971 1.558 f(t)  =  109 sin(0.01577t − 0.71) +  89.74 sin(0.018t + 2.258) 

100 

Fourier (F1) 118.8 0.981 0.902 f(t)  =  19.81 − 12.77 cos(0.0091t) +  0.55 sin(0.0091t) 

Fourier (F2) 43.34 0.993 0.549 
f(t) = 16.03 − 2.401 cos(0.022t) − 7.775 sin(0.022t) − 2.14 cos(0.044t) 

− 1.646 sin(0.044t) 

Gaussian (G1) 128.4 0.98 0.935 f(t) = 44.93 exp(−((t − 457.3)/317.5)2) 

Gaussian (G2) 88.6 0.986 0.784 f(t) = 2.719 exp(−((t − 198.8)/30.44)2) +  38.96 exp(−((t − 449.6)/327.8)2) 

Sin 1 (S1) 208 0.967 1.19 f(t) = 1427 sin(0.00007t + 0.00262) 

Sin 2 (S2) 118.6 0.981 0.907 f(t) = 256.9 sin(0.0106t + 0.084) +  240.5 sin(0.011t + 3.206) 

200 

Fourier (F1) 31.68 0.988 0.456 f(t) = 26.99 − 15.68 cos(0.007t)  − 4.69 sin(0.007t) 

Fourier (F2) 16.35 0.994 0.337 
f(t) = 15.99 − 0.872 cos(0.02t) − 5.97 sin(0.02t) − 1.299 cos(0.04t)

− 0.95 sin(0.04t) 

Gaussian (G1) - - - The Fit could not be computed due to error: Inf computed by model function. 

Gaussian (G2) 34.04 0.988 0.486 
f(t) = 19.39 exp(−((t − 305.2)/144.9)2) 

+  5.14 × 1014 exp(−((t + 6.965 × 104)/1.24 × 104)2) 

Sin 1 (S1) 263.1 0.903 1.338 f(t) = 653.5 sin(9.42t + 0.011) 

Sin 2 (S2) 32.14 0.988 0.472 f(t) = 599.4 sin(0.00593t + 0.99) +  587.5 sin(0.0061t + 4.128) 

300 

Fourier (F1) 13.7 0.988 0.3063 f(t) = 31.09 − 16.63 cos(0.0064t) − 8.086 sin(0.0064t) 

Fourier (F2) 9.762 0.992 0.2604 
f(t) = 16.45 +  0.0078 cos(0.012t) − 4.564 sin(0.012t) − 0.826 cos(0.024t) 

− 0.562 sin(0.024t) 

Gaussian (G1) - - - The Fit could not be computed due to error:Inf computed by model function. 

Gaussian (G2) 27.72 0.976 0.439 
f(t) = 7.481 exp(−((t − 247)/70.84)2) 

+  2.34 × 1013 exp(−((t − 1.214 × 105)/ 2.283 × 104)2) 

Sin 1 (S1) 261.2 0.777 1.333 f(t) = 495.1 sin(0.000076t + 0.021) 

Sin 2 (S2) 16.93 0.985 0.3429 f(t) = 70.37 sin(0.007t + 0.616) +  56.5 sin(0.0086t + 3.639) 

 
the soil temperature at this depth is lower than the 

temperature of the soil. The conclusion proves that this 

shallow depth geothermal energy capacity can be used in this 

location to meet the thermal requirements of a building such 

as a greenhouse which needs a lot of expenses to supply its 

thermal demands. It can also reduce the use of fossil fuels 

using heat exchangers based on shallow depth geothermal 

energy as a renewable energy resource. These results are 

consistent with the results obtained by previous researches 

[15, 22]. 

Since the results for the depths of 200 and 300 cm are 

closed, the depth of 200 cm can be used as an optimum depth 

to reduce the cost of the initial investment in drilling (Figure 

4). By comparing the two modeling methods (Table 1), it can 

be concluded that both models suggest that a 300cm depth is 

more capable of heating and cooling in winter and summer, 

respectively. However, the steps taken for the heat transfer 

model are quite time-consuming and cost-effective. As a 

result, empirical modeling can be used with acceptable 

accuracy as shown in Table 1. 
 

Heat transfer model  

The soil physical and thermal properties as well as some site 

meteorological parameters are briefly summarized in Table 

2. According to Equation (7), the heat transfer model for the 

soil temperature at this location (Kouhsar, Alborz, Iran) was 

obtained as Equation (10) for all depths using the data taken 

from Alborz Meteorological Station from 2007 to 2017 as 

shown in Table 1. 

𝑇(𝑡,𝑧) = 15.48 + 13.93. 𝑒𝑥𝑝 [−𝑧 (
𝜋

365𝛼𝑠
)

1

2
] 𝑐𝑜𝑠 {

2𝜋

365
[𝑡 −

192 −
𝑧

2
(

365

𝜋𝛼𝑠
)

1

2
]}  

(10) 

The results of temperature at each depth measured by the PT-

100 sensors along with predictions by the heat transfer model 

(explained in Equation (10)) are displayed in Figure 5. 
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TABLE 2. Soil physical and thermal properties and meteorological 

parameters (at the temperature of 20ºC) 

Property Field experiment 

Soil texture Sandy loam 

Soil dry density (Bulk density) 1568.57 (kg/m3) 

Soil moisture content, (w) 12.48 (%) 

Dry soil heat capacity, (cs) 730 (J/kg°C) 

Soil thermal diffusivity, (αs) 0.07 (m2/day) 

Soil thermal conductivity, (ks) 1.60 (W/m°C) 

The mean ambient air temperature, (Tam) 15.48 (°C) 

The annual amplitude of the ambient air 

temperature, (Aa) 
13.93 (°C) 

The phase constant (days) since the beginning 

of the year of the highest Average ambient air 

temperature, (t0) 

192 (number) 

 

 

As shown in Figure 5, the temperature of the soil at a 

depth of 30 cm is closed to the ambient air temperature (soil 

surface). As the depth increased from 30 cm to 300 cm, the 

temperature difference of the soil surface and depth soil 

increased versus the soil surface temperature. However, in 

cold days (from January to March), the temperature of the 

earth at different depths was higher than the ambient air 

temperature while in the hot days (from June to September); 

the opposite of this case was observed. So, at a depth of 300 

cm or more the depth soil temperature was lower in warm 

days and higher in cold days than the air temperature (soil 

surface). These results showed the capacity of an earth-air 

heat exchanger for cooling and heating proposes during warm 

as well as cold weather, respectively. 

It was found that the RMSE values were 2.78, 2.06, 1.51 

and 1.33°C, at the depths of 30, 100, 200 and 300 cm, 

respectively. However, the results which obtained from this 

 

heat transfer model are in good accordance with the results 

reported by previous researches [4, 22, 30]. 

Figure 6 shows the predicted soil temperature at various 

depths during the year 2018. It is observed that temperature 

fluctuations decrease with increasing soil depth. Figure 7 

shows the range of soil amplitude fluctuations at different 

depths. It is observed that with increasing depth below the 

soil surface, the range of temperature fluctuations decreases, 

while the maximum and minimum soil surface temperatures 

during 2018 for the study area are 29.41 and 1.55ºC, 

respectively. The range of annual amplitude temperature 

changes at the soil surface in the area is 13.7 ºC. As the soil 

depth increases, the amplitude of the oscillation decreases. 

When the depth reaches 0.3, the amplitude of annual 

temperature changes at that depth reaches 12.33 ºC. The 

attenuation of the annual temperature wave is quite clear in 

Figure 8. The depth of 3m below the surface has a range of 

temperature fluctuations of 4.58 ºC, while at greater depths 

of 4, 5 and 6, the temperature fluctuation ranges are 3.12, 2.17 

and 1.53 ºC, respectively, which decrease the amplitude of 

soil temperature fluctuations by 1.46, 0.95 and 0.64 ºC, 

respectively, rather than the depth of 3m. Therefore, a depth 

of 3 meter can be an ideal depth for installing an air-to-ground 

heat exchanger pipe to utilize geothermal energy in the area 

in question [22, 31]. In another study presented by Yassine et 

al. [32], a depth of 3m was reported as the best depth for 

EAHE pipe application and geothermal energy utilization. 

Ascione et al. [31] reported the optimum depth for pipe 

operation was to be about 8m. They also reported depths of 

between 6 and 9 m as optimal depths due to minimum soil 

temperature fluctuations. Between the tests carried out by 

Ascione et al. [31], the heat exchange rate increased from the 

depth of 3 m, this heat exchange slightly improved for the 

depth of 4 m, which was not significant. They stated that if 

drilling costs were not limited, the depth selection would be 

more than 3m in terms of heat exchange between the EAHE 

 

 

 
Figure 5. Daily-averaged soil temperature for various depths as a function of time along the 2018 year 
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pipe and soil; otherwise a depth of 3 m could be optimum 

economically and in terms of heat exchange [31]. Gouda [22] 

reported the best depth of application of EAHE pipe system 

was the depth of 4 m that the soil temperature fluctuation 

range was 1.5° C and the amount of heat exchange between 

the soil and the pipe at the depth of 5m did not improve 

significantly. 

 

 

 
Figure 6. Daily predicted temperature of soil at different depth 

based on heat transfer model for year 2018 

 

 

 
Figure 7. Monthly predicted soil temperature at various depths in 

2018 based on heat transfer model 

 

 

 
Figure 8. Amplitude of annual predicted soil temperature at various 

depths in 2018 based on heat transfer model (Zero depth = Soil 

surface temperature) 

 
CONCLUSION 
 
In this study, we are attempting to assess the possibility of 

using shallow depth geothermal energy to supply the thermal 

demands of agricultural buildings like greenhouses by 

modeling the thermal behavior of the Earth's temperature 

against the external air temperature in order to provide a way 

for predicting the temperature fluctuation for any depth and 

time in this position. However, two different modeling 

methods are presented as empirical and heat transfer models. 

The summary of results are as follows: 

• Based on the results of empirical modeling for all four 

depths using the least squares regression method, the second-

order Fourier model introduces the best model describing soil 

thermal behavior at each depth (January 15 to September 1, 

2018). This model shows the lowest SSE and RMSE versus 

the highest R2 at any of the specified depths. 

• The heat transfer model of soil temperature showed the 

lowest and highest difference with soil surface temperature 

were obtained for the depth of 0.3m and 3m, respectively. In 

the coldest days of the year (January to mid-March), the 

temperature in the depths of the earth is higher than the 

ambient air temperature. Also, on hot days of the year (mid-

June to late August), exactly the opposite is true for cold days. 

This demonstrates the potential of applying EAHE heat 

exchangers to meet the cooling and heating needs of 

greenhouse areas in the Kouhsar area. 

• Given that a slight difference in the RMSE value for the 

two depths of 2 and 3m were 1.51 and 1.33 ° C respectively, 

it can be said that the depth of 2m can also be considered for 

geothermal energy use especially in areas with the problems 

of land drilling and its associated costs, pay less for depth 

selection to resolve such problems. 

• Although, the results were in good agreement with those 

found in the literature but they were not as simple as the 

results obtained in this research by empirical model. 

Therefore, the heat transfer modeling method can be replaced 

by the empirical one with an acceptable accuracy. 

• However, it may be necessary to have a secondary 

(supplementary) cooling and heating systems in summer as 

well as in winter depending on the location and specifications 

(thermal demand) of the desired region. 
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APPENDIX A 
 

List of Symbols 

T Temperature (° C) 

𝑇𝑚𝑒𝑎𝑛 The mean soil surface temperature (°C) 

𝐴𝑠 The annual amplitude of the soil surface temperature (°C) 

𝑡 The time in year (days) from starting date of year (number) 

𝑡0 
The phase constant (days) since the beginning of the year 

of the maximum average ground surface temperature 

(number) 

αs Thermal diffusivity of soil (m2/s; m2/day) 

𝑇𝑚𝑎 The mean ambient air temperature (°C) 

Aa The annual amplitude of the ambient air temperature (°C) 

cw specific heat of water which is equal to 4.18 kJ/kg°C 

cs The specific heat of dry soil (kJ/kg°C ) 

ρs The soil dry bulk density (kg/m3) 

w The moisture content of soil, % (dry basis) 

ks The thermal conductivity (W/m°C) 

ci Calculated value 

mi Measured value 
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Persian Abstract 
DOI: 10.5829/ijee.2019.10.04.06 

 چکیده 

 هایانرژی  از  استفاده  رسد،می  پایان  به  فسیلی  هایسوخت  آینده  هایسال  در  که  آنجا  از  .شودمی  تأمین  دیزل  سوخت  یا  گاز  از  ایران  هایگلخانه  در  متداول  انرژی

زمین گرمائی   انرژی  از  استفاده  منظور  به  ایران،  البرز،  شهر کوهسار استان  در  خاک  پروفیل  حرارتی  پتانسیل  ،پژوهش  این  در.  باشد  مهم  بسیار  تواندمی  تجدیدپذیر

 مترسانتی  300  و  200  ،  100  ،  30  عمق  چهار  در  دما  حسگرهای  .گرفت  قرار  بررسی  مورد  هاگلخانه  همانند  ساختمانی  حرارتی نیازهای تأمین  کم جهت  عمق  در

 هوای  دمای  برابر در  خاک  پروفیل  دمای  اختالف  کاهش و  هوا  دمای  نوسان  افزایش یابد، عمق  هرچه  که  داد  نشان نتایج  .اندشده  تعبیه  زمین  سطح  در  همچنین  و

 منطقه مورد نظر  در  گلخانه  همانند  کشاورزی  ساختمان  یک  سرد کردن  یا  گرم برای زمین  پتانسیل  از  توانمی  که  دهدمی  نشان  نتایج  این  .یابدافزایش می  محیط

تاکنون   که  آنجا  از  .بود  دیگر  مدل  از  ترساده  تجربی  مدل  .شد  مدل  تجربی  و  حرارت  انتقال  روش  دو  با  مختلف  هایعمق  در  خاک  پروفیل  دمای  رفتار  .کرد  استفاده

 برای تجدیدپذیر انرژی جهت بکارگیری مؤثر گامی تواندمی پژوهش این است؛ نگرفته قرار بررسی مورد گرمایی زمین انرژی از استفاده امکان منطقه این در

 .باشد هاگلخانه همانند کشاورزی هایسازه

 
 

 

 


