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Abstract: This paper presents the state of the art of underground structures that have been used for the storage of perishable foods throughout 
history around the world, their morphometry and the materials with whose they were built. In addition, the characteristics contributed by the soil for 
decrease the temperature inside these structures are reviewed. Subsequently, an analysis of the discoveries found in the investigation is carried out, 
in order to establish relationships between the variables that give structures the conditions necessary to store and conserve food for long periods of 
time. Finally, the results obtained show that the information provided by the underground structures analyzed is inconclusive, exposing the topics 
that are still unknown in the study of these underground spaces.  
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1 INTRODUCTION             
Considering that the underground structures have been used 
in different areas of the world, and for different uses, a 
bibliographic research was carried out to identify and analyze 
which characteristics from the point of view geometric model, 
geomechanical model and model or construction 
specifications will determine the operation of this type of 
structures to store highly perishable products such as fruit and 
vegetable products. The search was extensive and sufficient, 
covering different databases, trying to cover aspects such as 
the time in which findings on these types of structures were 
reported, the geographical location where they were located or 
are locate today, and the conditions mentioned regarding the 
intrinsic characteristics of these. Since its inception, humanity 
has sought ways to preserve its food in order to meet a basic 
and indispensable need such as feeding, which is vital for its 
subsistence. Because of this, man has used underground 
spaces for millennia, as a place to store food safely. People in 
ancient cultures understood that, in underground storage, 
stable temperatures in a sealed environment provide important 
advantages, such as reducing heating losses and reducing 
theft by insects, rodents, birds and other pests (Keller, 2012). 
As a measure of regulation of new storage systems for 
perishable foods, due to the problems generated during the 
post-harvest, different technologies of cooling and 
conservation of food have been implemented throughout the 
world, where soil characteristics are exploited to control the 
storage temperature, and due to the ease of construction of 
the different structures, excellent results have been obtained 
by improving production costs by reducing product losses 
(Roux, 2015).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In this research work, the underground structures used in the 
storage of perishable products are reviewed, through the 
different ages of history worldwide, the geometry of these 
underground spaces, the materials and implemented 
construction methods, and the characteristics of the soil on 
which the structure is built. For this, a search and selection of 
information was carried out by going to previous research, 
identifying that they contained the variables to be evaluated, 
with the aim of generating a systematic analysis of this type of 
infrastructure to establish their state of the art, finding which 
are the existing gaps in the knowledge of the subject 
investigated. One of the characteristics of interest in the 
bibliographic search carried out, is the capacity of the soil as a 
thermal insulator, identifying the efficiency in the decrease in 
temperature through it, this thermal variation depends on other 
factors such as solar radiation, internal temperature and 
external air, depth in soil mass, soil type, and physical and 
chemical characteristics of this (unit mass, relative density, 
moisture content, consistency limits, etc.) (I. Cañas, 2012), (F. 
Tinti, A. Barbaresi, S. Benni, D. Torreggiani, R. Bruno and P. 
Tassinari, 2014). Another of the relevant aspects in the 
conservation or isolation of the temperature, is the coating of 
the underground structure, the different building materials that 
make up the storage spaces can provide heat reduction. 
Uncoated rock structures have been built, in order to take 
advantage of the cooling and stability properties that the 
excavation material provides, because the rock mass, in 
addition to maintaining a low thermal conductivity, provides 
mechanical stability of the cavern ( B. Unver & C. Agan, 2003). 
However, the technological development of many countries 
enabled innovation in the use of raw materials, as in the case 
of the Netherlands where a company is dedicated to the 
construction of a modern storage system called “Groundfridge” 
and made of laminated polyester, its manufacturers 
emphasize that this is a lightweight material, with a long 
service life and resistant to soil conditions, tree roots or other 
plants (El Sol, 2016). The findings of this research allowed to 
establish the global distribution of underground structures 
around the world, what are the ranges of temperature deltas 
between the outside and interior of these environments, the 
materials and geometries used, and a compilation of the 
physical and chemical properties of the soils in which they 
have been built, allowing in the end to obtain a comparative 
matrix of all this information. 
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2 UNDERGROUND STORAGE 

STRUCTURES IN THE WORLD 
The geographical distribution of the land allows us to find 
different climatic conditions around the world, composition of 
the earth's surface and diversity of cultures originated 
throughout the history of mankind, which have evolved by 
developing and applying new technologies for conservation 
and Food storage worldwide. In Europe, the cradle of great 
ancient civilizations, multiple finds of remains of underground 
spaces used centuries ago have been found as an efficient 
technique for storing their food. The Aegean civilization, during 
the Neolithic and the Bronze Age, developed underground 
storage techniques to cover the risk of drought, bad weather 
and poor harvests, therefore, these underground spaces 
located in the countries on the shore from the Aegean Sea 
(Greece, Italy, Serbia, Macedonia, Yemen, Tunisia), served the 
farmers of the time to store and conserve their grain and 
cereal crops for up to two years (Roux, 2015). 
Other underground structures, have been built a few years 
ago, in China and the United States recently patented 
structures, which are designed to store perishable foods such 
as fruits and vegetables, as technological advances in these 
countries have allowed new models of underground 
infrastructure to be developed from the modern age that has 
the right conditions for the conservation of different types of 
food (Patent No. US4894928A, 1988), (Patent No. 
CN204081577U, 2014). For Latin America, a large number of 
underground storage structures were not found, however, in 
2007, it was demonstrated that some pre-Hispanic cultures 
that settled to the west of Guanajuato state, in central Mexico, 
implemented the use of underground structures to store food. 
Underground deposits were registered where the remains 
found and morphological characteristics allowed to establish 
that they were structures built for the storage of food 
harvested at the time, mainly maize (S. Bortot, 2007). From 
the information collected throughout this research, eighty-four 
underground structures were found with their respective 
geographical location where they were built, and which are 
linked to the storage of various types of food. To facilitate the 
analysis, these foods are classified in vegetables, fruits, 
cereals, grains and wines, it should be noted that the storage 
of wines was taken into account in order to mention the 
underground cellars that were implemented in the Ribera del 
Duero in Spain, and that are directly related to the type of 
structures studied. In Figure 1, the geographical distribution of 
the structures found is shown, where it can be seen that the 
location center of each one indicates the time of the history in 
which it was built and its orbits represent the products that are 
stored there. In this figure, it is identified that the largest 
number of structures used for food storage are located in the 
countries of Europe, represented in 69% of the total number of 
structures found, on the other hand, in the continents of 
America and Asia this percentage is equivalent to 11%, while 
Africa only 5% of these structures are located. In    addition,  
the implementation of these underground spaces for storing 
food was presented mostly, in regions near the earth's 
hemispheres, where climatic conditions are not optimal for the 
constant production and conservation of food, the existence of 
climatic seasons in the year generates very low temperature 
peaks during winter and too high in summer times. The 
location of the underground structures in a time interval of 
history, relates the social, technological, productive and 

economic conditions of the time, in this way it is understood 
because these underground structures were built in the 
different forms and materials that were found in the 
investigation, evidencing how societies were adapt to the 
context presented by the historical periods in which they are 
built, to meet the needs that drove the implementation of 
underground infrastructure as spaces for food storage (J. 
Miret, 2015). 

 

 
 

Figure 1. Geographic distribution of underground storage 

structures throughout history. 

 

3 STRUCTURE MORPHOMETRY 
The geometry of the underground structures is directly related 
to the constructive skills that the men of the time had, the 
technical knowledge and the tools available to them. The 
human being has adapted to the places where he lives, giving 
him the best use of the soil and taking advantage of the 
characteristics of the place, depending on the topography 
present on the site and the mechanical conditions of the soil, 
the man could identify the most feasible geometry to build an 
underground structure that met all stability requirements. In 
the research several geometric shapes were found in the 
structures, a total seventy-five (75) structures contained 
information regarding the geometry presented by each of 
them. Some wineries had a peculiar shape and little used so it 
was necessary to group them in the category of "others", this 
category is composed of a cavern whose geometry is "M", 
another presented an elliptical section and an underground 
structure with form of "Well" (A O'dell, 1961). The other forms 
found in the investigation are presented in Figure 2, there they 
are classified into 6 large groups which in turn are composed 
of other more specific forms. In the group of spherical 
structures are also those shaped like pears and ovoids, in the 
conics we find pyramidal and truncated conical structures, in 
the group of hexahedrons are all those structures that 
resembled a cube and the cylindrical is a category composed 
of silos and structures built with circular bases. 
  

 
 

Figure 2. Geometric shapes presented by underground 
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storage structures.  
 
In the graph, it is clearly observed that the cylindrical shapes 
are the ones that have been most used when it comes to 
building underground storage structures, this form has great 
advantages over the others in the construction part since it 
provides more stability at the time of digging and there is 
greater control over volumetric dimensions. Hexahedra are 
also very employed, these provide ease in excavation during 
their construction and being a regular figure, their use is 
facilitated (Falkowitz, 2014). The conical and spherical 
geometries are very even, these differ significantly from 
cylindrical and hexahedrons, such a difference can be given 
by the complexity that occurs when it comes to building until 
obtaining the shape of those figures, the structures that 
presented Tunnel or cavern form were usually located in 
mountainous areas where it was more feasible to make the 
structure on the slope by decreasing the volume of excavation 
and taking advantage of the covering of the mountain (J. Miret, 
2015). 

 
4 STORAGE CAPACITY 
The size of the structure is a factor that intervenes in the 
analysis of this research, since it involves the different 
dimensions applied in the construction of these underground 
spaces depending on the shape, use and storage capacity 
desired. In the previous paragraph it was shown the multiple 
ways in which some underground structures were built to store 
food, in terms of the length values found, these are dependent 
on the way the structure presents, that is, in the case of a 
hexahedral structure , the lengths that represent its size will be 
given by its height, length and width, if it is a cylindrical silo, its 
size will depend on the values of diameter and height, and so 
on for each of the shapes found. In order to typify the length 
parameters found, these will be represented through the 
volume of the structure, because it is very difficult to establish 
a size relationship when there are different values for each of 
the types of structures. The volume represents a cubic unit 
(L

3
) defined as the extension in three dimensions of a region of 

space, in this case the underground space of each of the 
storage structures (C. Mosquera, 2019). The storage capacity 
will depend on the respective volume of the structure, since 
the amount of food that will be stored will be limited by the 
space with which the underground structures are counted 
inside. Normally, the dimensions of these storage spaces are 
not governed by the product stored inside, but depend on the 
hectares of land of the producer and their production (N. 
Alonso, F. Cantero, D. Lopez , E. Montes, G. Prats, S. 
Valenzuela & R. Jorner, 2012). In order to establish a 
relationship between the size of the structure and the storage 
capacity that it may contain, the length values identified in the 
investigation were collected, resulting in a total of thirty-two 
underground structures in which these parameters were 
presented , of these structures only for 16% was known its 
ability to store food. Once these values were identified, they 
were all taken to the same system of units, since these were 
different and varied depending on the country of origin of the 
structure. Due to the lack of information offered by the storage 
structures found, a Storage Factor (SF) was determined for 
the structures that recorded the two variables studied: volume 
and storage capacity. This factor was calculated by the 
following expression: 

     
Where: 
SF = Storage Factor 
Ws = Weight Stored in Tons 
Vs = Structure Volume in m

3  

 
After finding the SF for the structures that could be calculated, 
the values found were averaged and an average unit value of 
the tons stored per unit volume was obtained for the other 
structures. Knowing the storage factor and the respective 
volume of each structure, it is possible to clear the stored 
weight (Ws) from equation (1): 
 

  
 
Complete the data of the analyzed structures, are expressed 
by means of a graph as shown in figure 3. 
 

 
 

Figure 3. Graph representing the relationship between volume 
and storage capacity in tons of underground 

 
When observing the graph, a relationship between these two 
variables is evidenced, where it is appreciated that when the 
volume of the underground storage structure is greater, in turn, 
the weight of food that can be stored will be greater, existing 
between these a direct proportionality, where if there is a need 
to store large quantities of food, it will be necessary to build a 
large underground structure; or otherwise, build a large 
structure that represents a large volume, in order to store high 
amounts of food. 

 
5 THE SOIL AS A THERMAL INSULATOR 
In various investigations, it has been widely demonstrated that 
the soil, understanding the concept as particulate material or 
the rock mass, is a material that has adequate characteristics, 
when what is sought is to maintain a stable temperature within 
it. It has been determined that it has a potential for 
temperature stabilization, and the behavior in climatic zones of 
high environmental temperatures, where the soil with the 
depth increases its potential for temperature decrease, 
speaking of short digging depths (<10 m). The following Table 
presents the findings regarding the temperature information 
offered by some underground structures that have been used 
in food storage, showing the peak values presented outside 

 
 
 

 

(2) 
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(Ambient Temperature) and indoors (Storage Temperature ) of 
the structure, relating in turn, the products that were stored in 
these temperature ranges.  
 

TABLE 1 
EXTERNAL AND INTERNAL TEMPERATURE INTERVALS IN THE 

DIFFERENT UNDERGROUND STORAGE STRUCTURES  

Location 
Stored 
Food 

Room 
Temperatur

e (°C) 

Storage 
Temperatur

e (°C) 
Reference 

USA 
Cereals 

and Grains 
1,7 / 37,8 10 / 15,6 

(Patent nº 
US5117593A, 

1991) 

China Grains -8 / 31 10 / 18 
(Patent nº 

CN203603558U, 
2013) 

China 
Fruits and 
Vegetables 

0 11 / 14 
(Patent nº 

CN204081577U, 
2014) 

USA 
Grains and 

Cereals 
27 10 

(Patent nº 
US4894928A, 

1988) 

Netherland
s 

Fruits, 
Vegetables
, Cheese 
and Wine 

-10 / 35 10 (El Sol, 2016) 

Norway Seeds -7 / 21 -18 (El País, 2008) 

Sweden 
Fruits, 

Vegetables 
and Wine 

-6 / 22 8 / 12 (Strigari, 2016) 

Spain Wine 0 / 33 11 / 13 
(Bodega 

PeñaCoba, 
2017) 

Macedonia 
Cereals 

and Grains 
-4 /31 0 / 15 (Roux, 2015)  

Turkey 
Citrus and 
Potatoes 

50 0 / 20 
(B. Unver & C. 
Agan, 2003) 

South 
Korea 

Fruits and 
Vegetables 

-6 / 30 15 
(Park, Synn, 
Park & Kim, 

1999) 

Italy Wine 14,3 16,4 
(A. Barberesi, 

2014) 

 
Numerous authors, in their investigations talk about the 
characteristics that the excavation material presents (soil or 
rock), and how the values that you present contribute to 
decrease the intensity of the thermal wave, when it is, it 
propagates through the different soil strata. Therefore, the 
properties of the land will condition the transfer of heat, 
achieving greater thermal stability at a given depth (I. Cañas, 
2012). Table 2 shows the properties of soils that have most 
often allowed to establish a temperature reduction effect in the 
study of underground structures. 
 
 

 
 

TABLE 2 
PROPERTIES INVOLVED IN HEAT TRANSFER IN THE SOIL 

Property Evaluated Reference 

Soil moisture, Solar radiation, 
Ambient temperature, Relative 

humidity and Internal 
temperature 

(Balghouthi, M., Kooli, S., 
Farhat, A., Daghari, H., & 

Belghith, A., 2005) (Hinzman, 
Goering, & Kane, 1998) 

Humidity of soil 

(Dong, J., Steele-Dunne, S. C., 
Ochsner, T. E., & van de 

Giesen, N., 2016) (Lu, Ren, 
Gong, & Horton, 2007) 

Soil surface temperature 
(Szabó, J., Kajtár, L., Nyers, J., 

& Bokor, B., 2016) 

Physical properties: soil 
density, granulometry and 

organic content 

(Suarez-Domínguez, Aranda-
Jiménez, Palacio-Pérez, & 

Izquierdo-Kulich, 2014) 
(Fröb, 2011)  

 
The realization of experimental investigations in the field, 
allowed to demonstrate that the temperature of the soil in 
superficial and shallow areas, which are those of interest for 
underground structures, assumes optimum values for the 
conservation of some fruits and vegetables (temperatures 
from 12 ° C to 16 ° C), below 4.0 m deep. On the other hand, it 
was concluded that at depths less than 2.0 m, the behavior of 
temperatures is significantly influenced by external conditions 
of the place where the structure lies (F. Tinti, 2012) 

 
6 THE USE OF MATERIALS IN THE 

UNDERGROUND STRUCTURES 
As the human beings move forward, he develops new 
knowledge and at the same time, new techniques applied in 
everyday activities. For the construction of infrastructure 
works, man has made use of the materials available in his 
environment, taking advantage of the constructive 
characteristics that these present. In ancient times, the most 
commonly used materials for the construction of underground 
structures were those that could be obtained from nature in a 
simple way, such as clay, rocks, straw and wood, which did not 
require greater complexity for its application in construction 
processes , being thus, that the first constructions were 
elaborated from empirical knowledge (Roux, 2015). With the 
discovery of concrete and handling of steel, man began to 
implement these materials in the construction of structures, 
providing them with greater stability and increasing their 
durability (J. Miret, 2015). This research allowed to know the 
types of materials in which the different underground storage 
structures for food have been built. In the findings, forty-three 
structures were found that presented information regarding the 
materials with which they were constructed. After this review, 
the proportion in which each material was used for the 
construction of underground storage structures was identified, 
infrequent materials such as salt and ceramics were grouped 
into the category of “others”. These data were consolidated in 
the diagram shown below (See figure 4). 
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Figure 4. Materials used in the construction of underground 

storage structures. 

 
As shown in the diagram, the most frequent materials in the 
elaboration of underground storage spaces were clay, 
masonry, straw, rocks and concrete. Each of these materials 
provides favorable characteristics to the structures, for 
example, clay, being an easy material to obtain and handle, 
provides impermeability and serves as a sealant, preventing 
the entry of insects and rodents. On the other hand, masonry 
has been used in history to improve the performance of time in 
the execution of works and reduce construction costs. Some 
organic materials, including straw, which is a good thermal 
insulator, were used in underground food storage structures, 
to provide ventilation and serve as drainage (S. J. Kale 2016). 
It was evidenced that stone materials such as stones and 
rocks were used for the coating of structures, these materials 
could be obtained as a result of the excavation carried out for 
the elaboration of the structure or be brought from its 
surroundings. The rocks were used to take advantage of their 
thermal diffuse capacity while providing good support to the 
structure. Of the data found, concrete is the most used 
material throughout history for the construction of underground 
storage structures, this is because it has a large number of 
qualities required by these infrastructure works. The concrete 
has an excellent performance as a waterproof and thermal 
insulating material, being highly resistant to moisture and pest 
attack, it is also the material with the best structural resistance 
characteristics (Strigari, 2016). 

 
7 CONCLUSIONS 
At the end of this research and the respective analysis of the 
information found, it can be concluded that, the underground 
structures are used around the world to store food, because 
optimal temperature and humidity conditions are provided 
inside. In Figure (1), shows that in the equatorial area of the 
land there are no underground storage structures, this can be 
said because it is a region comprised of tropical countries that 

do not have climatic stations but they maintain temperatures 
slightly variable, with a diversity of thermal floors that allow the 
production of different types of fruit and vegetable products, 
the need to build underground structures where they could 
store their food for a long time never arose. The information 
obtained in this review did not allow establishing a relationship 
between the thermal storage conditions of the structures and 
the depth of excavation at which they were built. However, a 
profile of the depths implemented by some food storage 
structures in different countries is presented below (Figure 5).  
 

 
 

Figure 5. Depths implemented in the construction of 

underground storage structures.  

 

Throughout the research highlight the main characteristics that 
allow underground structures to obtain an adequate thermal 
environment for the conservation of some perishable foods. As 
for the structures that were found and studied in this work, 
there is no clarity as to whether the conditions required for 
food storage were provided by the coating material that was 
used in its construction, or by the material of food excavation 
(floor or rock) where it was built. 
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