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ABSTRACT: The purpose of this research was to investigate the thermal efficiency of buried earth tubes implemented 

in an industrial building. This case study is located in a typical tropical climate in the town of Armenia, Colombia. The 

aim was to explore the potential of this passive technique to provide comfort conditions for workers whilst reducing 

energy consumption. The goal was to guarantee a maximum indoor air temperature of 23°C (1ºC), with an external 

dry bulb temperature of about 28°C, to provide comfort conditions for the operators and to keep the commercial 

product at desirable temperature. Analysis of the external climate and the requirements to achieve indoor 

hygrothermal comfort were applied to calculate the design parameters of the earth tubes using simulation software, 

Tubes were built of polyvinyl chloride (PVC), with a length of 80 meters, 30 cm in diameter, 3 meters depth. These 

design parameters were calculated also considering the day/night ground average temperature of 19°C (1ºC) in the 

location. The mechanical equipment consisted of six blowers of 7.5 HP of power to give a total of 84,000 cfm. 

Monitoring of internal air temperatures was consistent with the required limits of 23°C (1ºC). To enhance air 

movement in the system, upper ventilation was provided via an operable skylight. The results showed the effectiveness 

of the system to provide comfort conditions to the operators of this building and to keep the required temperature for 

the product. It is also expected that this project can promote the application of this cooling technique in similar 

buildings located in tropical regions. 
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INTRODUCTION  

The use of passive cooling techniques is a promising 

alternative to achieve comfort conditions for building´s 

occupants whilst reduce energy consumption for air 

conditioning (AC), as reported by previous works 

[1,2,3,4,5,6]. By applying ambient energy sinks, such as 

air, water, earth and sky, excessive heat can be dissipated 

from buildings. The utilization of earth as a heat sink can 

be a powerful strategy to remove unwanted heat from 

indoor architectural spaces. Certainly, using ground for 

heat dissipation is a powerful strategy for cooling of 

buildings. This is due to the high soil thermal capacity 

and its temperature that at certain depth remains rather 

stable in most regions of the planet. The use of buried 

earth tubes, acting as earth-to-air heat exchangers 

(EAHX) for pre-heating and pre-cooling of external fresh 

air, can be a promising and an effective alternative to 

reduce energy consumption for air conditioning (AC), 

whilst proving comfort conditions for building occupants. 

The EAHX is a buried pipe in the ground through which 

the external air is blowed in a building using a blower 

system. The principle is that when ground temperature is 

higher than outside temperature, air is heated up. On the 

contrary, when ground temperature is lower than the 

ambient temperature, air is cooled down into a building. 

Due to ground properties, the air temperature at the pipe 

outlet maintains moderate values all around the year. 

Therefore, an EAHX consists of an array of horizontal 

pipes buried underneath or next to a building and situated 

at the inlet of the ventilation system. The aim is to take 

advantage of the soil’s thermal inertia, so as to absorb 

and dampen the Winter/Summer or the day/night 

meteorological swings carried by the airflow, hence 

cutting off the cold or hot thermal peaks which would 

otherwise be transferred to the building to affect the 

thermal comfort of the occupants. 
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THE CASE STUDY 

The case study of this research is an industrial building 

located in a typical warm humid climate in the town of 

Armenia, Colombia, constructed in 2011 and aimed at 

providing comfort conditions for workers as well as 

energy savings. Thus, the objective for this building was 

also to become an eco efficiency example construction, 

and to achieve savings in energy bills by reducing the use 

of AC. The goal to accomplish the stringent thermal 

exigencies of a beer warehouse in a tropical climate by an 

air-soil heat exchanger was a tough challenge in this 

building. The solution proposed was an integrated system 

of natural ventilation and passive cooling by a buried pipe 

system.  

 

 

METHODOLOGY  
 

The methodology of this work was developed in three 

stages. During the first stage, the architectural design of 

the project concurrently with the analysis of the local 

climatic conditions took place. The second stage 

consisted of computer thermal simulations of the design 

variables of the buried pipes to infer the suitable design 

components of the system. During the third stage, 

Computer Fluid Dynamics analysis was conducted to 

come up with the final design. Finally, based on the 

results obtained, the system was implemented in the real 

building. Figure 1 illustrates this procedure. 

                 

      Figure 1. Methodology process of the work 

 

 

 

CASE STUDY CLIMATE CONDITIONS 
The city of Armenia is located at 4.51º North latitude, 

75.68º West longitude and an altitude of 1551 meters 

above sea level (masl). This location is within the tropical 

mountain climate region, and it belongs to the temperate 

climate thermal belt, with an average dry bulb 

temperature of 23ºC and mean relative humidity over 

70% (Figure 2). 
 

       
 

Figure 2. Annual climate conditions of Armenia 

 

The Winter/Summer temperature swings are negligible in 

tropical climates such as the current one, so it is 

suggested to take advantage of the daily (day/night 

temperature) differentials instead. Form implemented 

this, two design geometries were analysed, based on the 

following approach. While yearly heat storage 

propagates approximately 3 meters around the pipes, 

daily heat storage does so on approximately 15 cm 

(Figure 3). Daily amplitude-dampening hence always 

surpasses yearly amplitude-dampening, which requires a 

wider storage volume and is limited by more in depth 

heat diffusion. Therefore, diffusive heat exchange 

depends on the available soil layer around the pipes and 

the way heat diffusion can take place. Therefore two 

distinct geometries with different behaviour were 

considered: A year mode and a daily mode (Figure 3). 

         
 

Figure 3. Daily and yearly heat storage modes 
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Therefore, based on the grounds that temperature seasonal 

variations are relatively low relative to the daily swings in 

this climate, the daily heat storage mode seemed to be 

more energy efficient and was thus adopted in this case 

study. In this location, the soil temperature meets a stable 

thermal condition between day/night over the year, at a 

depth of 2.5 meters, whilst the underground soil 

temperature has a mean temperature of  19°C. 
 

 

BUILDING DESIGN PROCESS 
 

To achieve the requirements under the existing external 

temperatures and soil thermal conditions, the design 

process of the system took into account the following 

criteria: 

 The conditions of the soil type and the availability of 

external area of the project to build the buried pipe 

system can reduce the total costs, that is, the initial 

and operative costs of the project. 

  Cooling the entire volume of the building with full  

AC can cost 30% more than the buried pipes system 

and its energy consumption would be much higher. 

  Conventional natural ventilation system alone can not 

accomplish the required design internal temperatures 

in the building during 50% of the time during the 

year. 

 The cooling needs involves only non occupied areas 

in between beer racks. So this minimizes the 

dimension on the system. 

 The geometry of the building allows creating 

effective stack effect exhaust heat by natural means. 
 

To guarantee the thermal performance of the cooling 

system implemented, the design process applied a “step 

by step controlled flow thermodynamic pattern” of each 

cooling component, as shown in Figure 4. 
 

         
 

Figure 4. Flow thermodynamic pattern of the system 

CASE STUDY BUILDING DESIGN DESCRIPTION 

Volume of the building: 44, 000 m
3
 volume. The building 

envelope is as follows: Roof: Metal aluminium zinc roof 

painted white with 0.89 reflectance and 50 mm prepex 

insulation (local extruded polystyrene), with R=1.92 

m
2
K/W). Walls: External metal painted white with 0.89 

reflectance with 50 mm fibreglass insulation with an 

internal metal sheet, R= 1.66 m
2
K/W. Roof skylight with 

ventilation built of polycarbonate multiple cells 

translucent panels with  operable louvers tilted 45° in 

opposite openings to optimize buoyancy and upper 

venturi effect flow. (Figures 5 and 6). 

         
 

 

        
 

  Figure 5. Building plan and section views  

 

      
 

Figura 5. External view of the case study building 

 

The goal was to guarantee a maximum indoor dry bulb air 

temperature of 23°C (1ºC), with an external dry bulb 
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temperature of about 28°C, to provide comfort conditions 

for the operators and to keep the commercial product at 

desirable temperature. Analysis of the external climate 

and the requirements to achieve indoor hygrothermal 

comfort were applied to calculate the design parameters 

of the earth tubes suing simulation software, Tubes were 

built of polyvinyl chloride (PVC), with a length of 80 

meters, 30 cm in diameter, at 3 meters depth.  

 

 

SIMULATION PROCESS 

For achieving optimum results of the system, three 

simulations models were conducted. The first was applied 

with an air-soil heat exchangers software then a CFD 

model, and a textile duct diffusion model. See Figures 6, 

7 and 8. 

 

 
Figure 6. CFD Simulation 

 

 
Figure 7. EAHX Simulation 

 

   
 
Figure 8. Duct Flow Simulation 

 

RESULTS OF THE SIMULATIONS 

Based on the results of the simulations the most 

promising design alternative consisted of an EAHX of 

sixty six pipes, with a diameter or 12” (315 mm) made of 

in Polypropylene and a length of 50 meters each. The 

tubes are surrounded by a fill soil, rich in clay particles, 

with a very good thermal behaviour. To provide the 

necessary air changes per hour into the building (ACH), 

the resulting volume of air circulating in the tubes was 

calculated at 117, 231 m
3
/hour with a speed of 5 m/sec. 

Therefore, air is blowed in the building at the following 

conditions: Temperature: 22 ºC; speed: 6 m/s; air volume: 

117, 231 m
3
/hour, distributed in four pipe lines of 23,786 

m
3
/hour each, and an additional line of 22,087 m

3
/hour 

near the South wall of the building. The resulting air flow 

gets at the top of the beer rack at a speed of 2.5 m/s, and 

0.1 m/s on the floor. 

 

 

MONITORING OF OPERATIONAL RESULTS IN 

THE REAL BUILDING 

Monitoring of existing conditions in the real building 

were conducted on a typical overheating period in the 

location on August 19
th

 from 10 hr to 16 hr, which 

included: External ambient temperature, indoor dry bulb 

temperature, temperature at the exit of the EAHX,  

temperature at the exit of the distribution system, 

temperatures around the stored product, temperatures 

inside the buried pipes, temperatures inside the 

distribution tubes, speed and direction of the exhausted 

airflow measured at 1.5 meters far from the deflecting 

nozzle of the system, and the temperature of the beer 

bottles. The results of this monitoring in the real building 

are shown in Table 1. 
 
 
Table 1. Results of the monitoring in the real building 

 
hour 10:00 AM 12.30 pm 2.30 pm 4.00 pm

external temperature °C 24.6 25.8 27 26

internal temp  rack corridor at bottom sensor1 22.5 23 23.5

internal temp  rack corridor - 1,50 mt height sensor1 24

internal temp rack corridor  - 5,00 mt height sensor1 24.2

internal textile air duct temperature 21.5 22 23.8

air speed  at textile duct  difussion openning 3.6 4 3.2

air speed  at  1,50 mts from textile duct  openning 1.8 1.8 1.1

beer rack air  temperature  sensor 2 north facade 22.9 22.9 23 23.8

beer rack air temperature sensor 3 north facade 23 23 23 24

beer bottle air temperature 22 22.2 22.5

internal air temperature buried pipes 21

air temperature at the external duct  exit of buried pipes ( 

before blower)

23

internal temp  blower  turned off 27

internal temp of the surface prepex insulation 23

average internal  temperatures ( blower sensors) 23.1  
 
 

CONCLUSIONS 

The external temperatures were equivalent to the values 

used in the design process. The temperatures inside the 

EAHX were the same as the values scheduled by the 

simulation during the design process. The indoor 

temperatures were similar to the desired results (23±1ºC) 

around the beer rack (Figure 9). Air flow speeds are 
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between the values established in the simulations (0.1-2.5 

m/s).  The air flow distribution as measured was the same 

as the established patterns ot the CFD simulations. 

 

Under warm humid condition, the difference between the 

soil temperatures and the required internal comfort 

temperature at 23°C is very small. Therefore, it is 

necessary to control each phase of the entire flow circuit 

from de start external conditions to the final air exhaust 

conditions in the building. The interior comfort conditions 

in the building with the geotextile innovative ducts system 

provided a suitable and an efficient solution (Figure 10).  

 

This represents a hard challenge when the design process 

involves also a mechanical pressurization mode and a 

natural depressurization mode. In this case, it was 

demonstrated that the use of simulation tools in a 

integrated way, contribute to optimize the performance of 

buried heat exchange pipes. The energy saving is 

achieved by the use of limited power blowers of 10 HP, 

and also by the integrating an automatically control 

system to be able to turned it off when the external 

ambient temperatures are lower than 22 °C ( e.g at night). 

During this event, the system can fully operate using 

natural ventilation, by means of operable louvers, located 

at the bottom of the envelope and coupled with the 

openings of the roof ventilated skylight.  

 

Furthermore, the integration in this building of a well 

designed thermal performance envelope, which can 

control heats gain due to the direct solar gain, by using 

good thermal insulation and suitable shading devices, can 

effectively reduce radiative and conductive heat gains. 

 

      
Figure 9. Temperature monitoring inside the buried pipes 

 

 

Figure 10. Interior of case study building with pipes inlet 

and geotextile ducts distribution 

 

 

ACKNOWLEDGEMENTS 

Thanks are due to Sab Miller Bavaria operation staff 

Armenia City; DTI Mexico textile duct manufacturer, 

and Simulaciones y Proyectos, Madrid, Spain. 

REFERENCES 
1. Alba, C. Ardave, A. (2010). EAHX  for Cooling   

IBERPLAST - Colombia  Soft Drink Bottle Production. 

Natural Cooling Final Report, Bogotá, Colombia. 

2. Alba, C. Ardave, A. (2011). EAHX for Cooling   

INCOLBESTOS VOLVO Group Automobile Break 

Production.Natural Cooling. Final Report, Cartagena, 

Colombia. 

3. García Chávez.J. R., Fernández, F. (2011). Utilización de 

Sistemas de Enfriamiento Conductivo en Climas Cálido Áridos 

para Obtención de Confort Térmico y Ahorro de Energía. 

ANES Proceedings. Chihuahua, Mexico. 

4. Alba, C. Ardave, A. (2012). EAHX  for Cooling  

SODIMAC Home Retail Building. Natural Cooling. Initial 

Report, Lima, Perú. 

5. Hollmuller, et al. (2006). A New Ventilation and Thermal 

Storage Technique for Passive Cooling of Buildings. Thermal 

Phase-Shifting. PLEA. The 23rd Conference on Passive and 

Low Energy Architecture, Geneve, Switzerland, 6-8 

September. 

6. Hollmuller, et al. (2007). A New Heat Exchange and 

Storage Technique for Ventilation: Controlled Thermal Phase-

Shifting. Heat SET 2007 Proceedings. Heat Transfer in 

Components and Systems for Sustainable Energy Technologies. 

18-20 April 2007, Chambery, France. 

 


