)

J

Check for

updates

USE OF GEOTHERMAL ENERGY IN THE FOOD INDUSTRY: A REVIEW

wrkx

P

Lina Patricia Vega™

Jeimy Alejandra Parra Ramos™

*

Maria Paz Garcia Sarmiento™

Maria Alejandra Ruiz Gaitdn
Liz Anyury Pedraos Juya

Recibido: 14/04/2021 « Aceptado: 07/03/2022
https://doi.org/10.22395/rium.v21n40a5

ABSTRACT

This paper aims to make a bibliographic literature review about the current
and potential uses of geothermal energy within the food industry, which
uses a third of the world’s energy during production in all the processes
involved. Fossil fuels are the most common sources for generating
electrical energy for the food industry. However, it is known that they
cause adverse environmental effects such as atmospheric pollution,
ecosystem disturbances and natural resource depletion. Due to the lack
of published studies about this subject, this review was carried out using
different databases. Of the 77 documents published between 2010 and
2020, more than 70 % of them were written in English by researchers
from 67 institutions from around the world. These documents allow us to
analyze a sample of countries where the implementation of geothermal
energy has a greater advance in processes implementing geothermal energy
in the food industry; such as heating and cooling systems for the drying
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of fruits and vegetables, and producing various foods, achieving energy
coverage close to 10 % in this industry.

Keywords: renewable energy; geothermal energy; food industry;
bibliographic review.

Uso de la energia geotérmica en la industria alimenticia: una resefia

Resumen

Este articulo tuvo como objetivo realizar una revision bibliografica sobre
el estado actual de la energia geotérmica en la industria alimenticia, la
cual usa una tercera parte de la energia mundial para la produccion en
todos sus procesos involucrados. Los combustibles fosiles son una de
las fuentes comunes para la generacion de energia eléctrica para la
industria alimenticia. Sin embargo, es bien sabido que éstas causan efectos
adversos ambientalmente tales como polucion atmosférica, perturbacion
de ecosistemas y agotamiento de recursos naturales. Debido a la falta de
estudios publicados sobre este tema, esta resefia fue llevada a cabo usando
distintas bases de datos. De los 77 documentos publicados entre 2010 y
2020, mas del 70 % de ellos fueron escritos en inglés por investigadores
de 67 instituciones alrededor del mundo. Estos documentos permiten
analizar una muestra de paises en los que la implementacion de la
energia geotérmica tiene un gran avance en procesos que implementan
la energia geotérmica en la industria alimenticia, tales como calentar
y mantener sistemas de refrigeracion para el secado de frutas y vegetales y
la produccion de varios alimentos, alcanzando una cobertura energética
cercana al 10 % de esta industria.

Palabras clave: energiarenovable; energia geotérmica; industria alimen-
ticia; resefia bibliografica.
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INTRODUCTION

During the last 50 years, the concentrations of pollutants in the environment have in-
creased exponentially due to anthropogenic activities, such as fossil fuels consumption,
deforestation, and exponential population growth. Those have led to air, water, and
soil degradation, compromising biological diversity and the human race’s existence [1].

For this reason, renewable energies have gained significant importance in recent
years since they are characterized by being clean and from abundant natural resources,
presenting little or no impact on the environment [2]. Geothermal can be defined
as heat from the subsurface that can serve as an energy resource for human use, making
it an affordable and sustainable alternative capable of generating energy in a continuous
and reliable way. It can be used globally, and its implementation reduces greenhouse
gas emissions, contributing to climate change mitigation [3].

Literature about renewable energies is numerous and diverse. One of the most
truthful tools to synthesize information is bibliometric analysis, which integrates the
data used to answer a research question [4]. This study was carried out to give an
overview of the applications of geothermal energy in the food industry, considering the
publications between 2010 and 2020, through the databases Researchgate, SpringerLink,
SemanticScholar, ScienceDirect, MDPI, Google Academic, Scopus, ScienceDirect,
Journals, Ebsco, and Elsevier. Making the analysis of these publications, no previous
review studies were found in which the use of geothermal energy in the food industry
was analyzed in depth. None of the studies were found with a scope related with
geographical location for diverse geothermal energy applications in the food industry,
as we make in this revision.

To our knowledge, there is not a comprehensive study published on the subject.
There has been an exponential growth of alternative energies defeating fossil fuels.
And, in particular, geothermal energy application in the food industry is an emerging
technology that heavily promotes the circular economy. Therefore, this study provides a
perspective of its application in this industry, while also providing a basis for research,
analysis, and broadcast for all the stakeholders.

APPLICATION OF GEOTHERMAL ENERGY IN THE FOOD INDUSTRY

Today, humanity is continuously searching for new alternatives to replace fossil
fuels. Thus, the global challenge is to avoid future energy shortages to meet agricultural
and food demand due to the progressive increase in population [9, 10]. In the same way, in-
dustries’ growth must move towards non-conventional energy sources [11] and to overcome
the growth in demand for water and energy required by these industries to carry out
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their growing productivity demands [12]. Therefore, the study of the use of alternatives
such as the use of energy generated by the heat coming from the earth’s core becomes an
interesting alternative [6] since it produces low levels of greenhouse gas (GHG)
emissions and replaces this depletable traditional energy sources [13].

The use of conventional energy within the food industry can be classified into two
categories. The first is direct use, which refers to the energy needed for the industry’s
inputs and supply chain [14]. The second is indirect use, which refers to the energy used
in the industry’s processes and delivery of inputs [5]. The Agro-food industry is one
of the most energy intensive industries, consuming one-third of the world’s ener-
gy production [15]. Of that third of the energy, more than 80 % is conventional
(electricity consumption and LPG “Liquefied Petroleum Gas”) generating a significant
impact on the environment [16, 17]; causing at the same time a discontinuous and
unstable offer [18].

The use of renewable energy guarantees energy security since it is a continuous
energy with low or no environmental impact [19]. In Europe, it has been demonstrated
that geothermal energy has high efficiency, which can be used mainly by agriculture,
reducing costs, and pollution [21]. According to the above, the need to implement
geothermal energy is exposed, both at the scale of large industries and small industries
[22], because with this, new forms of cleaner production arise in systems in a controlled
environment, which allow developing production of food without causing numerous
environmental impacts [23, 24].

A great example of the above is the widespread and massive use of geothermal
energy for cooling or heating in food production processes [25], solving one of the
most common conflicts related to food conservation. In this way, the food industry
develops a simple process of high efficiency and offers products in good condition [26].
The consumer takes advantage of this in variable weather conditions, guaranteeing, in
the same way, ambitious productions at low cost and low environmental impact [27].

Geothermal energy used for agri-food processes is divided into four groups:
hydro geothermal energy from surface hot water sources, hydro geothermal energy
from water vapor sources, hydro geothermal from hot water energy at great depths,
and petroleum thermoelectric energy [29]. They have proven to be profitable in the
sectors of processing foodindustries [30], through industrial processes and heating
and cooling districts [31], reaching a global application of 5.5 % in greenhouses and
open-air heating, 2.8 % in heating industrial processes, 2.7 % in heating ponds
and aquaculture channels, and 0.4 % for agricultural drying for 2010 [7, 32].
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1. MATERIALS AND METHODS

The review was carried out using information from the aforementioned databases. The
searching terms on a general scale were: “geothermal energy,” “geothermal energy
and food,” “geothermal energy and food and industry,” and “geothermal energy and
agriculture” for the period 2010 - 2020. The collected information was classified into
the following headings: university’s name that carried out the study; countries
in which the publications were made; document’s primary language; type of publication;
research focus; number of citations; and journal’s impact factor. Additionally, the
state of geothermal energy application in the food industry worldwide was reviewed
through the literature.

The data obtained were tabulated and graphed. This facilitated the analysis of the
trends and importance of each of the documents on geothermal energy use in the food
industry in the last ten years.

2. RESULTS

2.1. Bibliometric analysis

Carrying out a bibliometric analysis within this review is of great importance for
the research since it generates an analysis about quality and impact indices on the
knowledge framework about this subject. In this way, we covered several topics such as
research institutions, productivity, country distribution, citation indexes, among others.

2.1.1 Document type and language

Publications were classified as scientific articles, conference proceedings and books
(or book chapter), Languages used are: English, Korean, and Mandarin. A total of 77
documents were found. Most of them, 77.9 % (60 publications), were research scientific
articles. The most common document’s primary language was English, 97.40 %;
followed by Korean: 1.29 % and mandarin: 1.29 %. The main publication type was
scientific articles, followed by the conference proceedings. See results in the Figure 1:
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Figure 1. Type of publication. Documents about geothermal energy in the food industry (2010-2020).

Source: own elaboration.

2.1.2 Annual research production

Over the period from 2010 to 2020, publication trends of research articles by year were
analyzed. From 2010 to 2014, the trend was approximately constant, with an average of
5 - 6 publications per year. However, between 2015 and 2017 the number was doubled
to 10 -11 publications per year, and it decreased afterwards to 7- 8 publications in 2018-
2019. For 2020 we reported only four publications. The research production showed
an increasing interest from the researchers regarding the study of geothermal energy in
the food industries in the last six years, as shown in Figure 2. The production could
influence the technological advances that have developed throughout these years. In
2015, the largest number of publications was recorded, corresponding to 11 documents.
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Year

Figure 2. Publications per year. Documents about geothermal energy in the food industry (2010-2020).
Source: own elaboration.
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2.1.3 Research distribution by country

40 countries around the world are involved in publications and research found by
this study. The fourteen most productive countries are listed in Figure 3. The number
of publications produced by each country and the percentage concerning the total
number of articles is presented. The country with more publications was Turkey with 9
publications (22.5 %), followed by the USA, Romania, and Canada with four documents
each one (10 %); Kenya, Mexico, Korea, and Australia had three publications (7.5 %);
Indonesia, Germany, China, and Greece had two publications (5 %). Turkey stands out
over several countries for the publication of documents on geothermal energy, contrary
to the case of India and Japan, which have just one or Iran, Kenya, Egypt, Poland,
Iceland and other countries, which had a very low number of publications.

Japan
India
Germany
China
Greece
Indonesia
Australia
Korea
Mexico
Kenya
Canada
Romania
USA
Turkey

Countries

0 2 4 6 8 10

Number of publications

Figure 3. Publications by country. Documents about geothermal energy in the food industry
(2010-2020).

Source: own elaboration.

2.1.4 Research distribution by institutions

Sixty-seven institutions participated in the analyzed publications related to geothermal
energy in the food industry during 2010-2020. Table 1 shows that the institution with
the highest production is Yasar University with three publications, followed by nine
institutions which had two publications and 57 institutions with one publication each.
Based on the above, it is evident that geothermal energy applied to the food industry is
addressed globally by several institutions in Asia, North America, Europe, and Oceania.
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Table 1. Publications by institution. Documents about geothermal energy in the food industry

(2010-2020)

Position Country Institutions Number of publications
1 Turkey Yasar University 3
Turkey Ege University Solar Energy Institute
Iceland iSOR-Iceland GeoSurvey
Saudi Arabia  King Saud University
India Pandit Deendayal Petroleum University
2 Japan United Nations University 2
Australia  Universidad Southern of Queensland
Mexico Universidad Nacional Auténoma of Mexico
Romania  University of Oradea
Canada University of Waterloo
Turkey Ahi Evran University ’
Iraq Baghdad University

2.1.5 Journals

Source: own elaboration.

A classification of the journals was made based on the number of articles published and
their number of citations, which shows a positioning of the journals. The magazine with the
highest number of publications was “Applied Thermal Engineering” which stood out
both in its number of publications and citations (“TLCS” Total Local Citation Score),
where the total number of citations is the total number of publications made in each
journal, as shown in Table 2:

Table 2. Publications by journal and citations. Documents about geothermal energy in the food
industry (2010-2020)

Position Journal Number of publications ~ TLCS  Year of publication
1 Renewable and Sustainable Energy Reviews 7 251 2012,2014,2015,2017
2 Applied Thermal Engineering 3 308  2011,2012,2013
3 Solar Energy 2 63  2016,2020
4 International Journal of Hydrogen Energy 2 55  2011,2017
5 Energy 2 24 2016,2019
6 Annual Reviews 1 252 2011
7 Energies 1 120 2010

Source: own elaboration.

2.1.6 Research focus

This study analyzed the frequency of terms related to geothermal energy in the food
industry. Some topics specify the application of this type of energy within the
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investigation, selected from the title and keywords of the papers, as can be seen
below in Table 3:

Table 3. Publications by subject. Documents about geothermal energy in the food industry
(2010-2020)

Subject Number of publications  Percentage (%)

Geothermal food production resources 31 40
Food safety 10 12,9
Food drying 9 9

Food processing 7 9

Heating and cooling 4 51
Food production 3 3,8
Greenhouse application 3 38
Food preservation 3 38
Milk pasteurization 3 38
Aquaculture 2 25
Crops 2 2,5
Total 77 100

Source: own elaboration.

According to Table 3, it can be observed that the topics with the most significant
number of publications are those that deal with the application of geothermal energy
within the food industry in a general context. They focused on high-impact social
engagement, such as food security or mass food production. On the contrary, more
complex topics such as aquaculture or crops, have fewer publications.

2.1.7 IMPACT OF WRITERS

Table 4 shows the articles with the greatest impact by the number of citations of their
contributors. Therefore, it was found that the authors of the article “Energy Intensity of
Agriculture and Food Systems” have been referenced 252 times in several publications.
The authors of the article “Energy Consumption and Conservation in Food Retailing” had
197 citations. The author of the article “Direct Utilization of Geothermal Energy”
had 120 citations, and the authors of the article “Utilization of renewable energies in
Turkey’s agriculture “ had 71 citations.
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Table 4. Highest impact publications by author’s citations. Documents about geothermal energy in
the food industry (2010-2020)

N°  Authors Title Journal (TLCS) Year of publication

-Nathan Pelletier

-Eric Audsley

-Sonja Brodt

-Tara Garnett

-Patrik Henriksson  Energy Intensity of Agriculture

" _Alssa Kendal and Food Systems [5] Annual Reviews 263 2011
-Klaas Jan Kramer
-David Murphy
-Thomas Nemecek
-Max Troell
-S. ATassou
2 Z fl:\daway (E)gflrs%yrv(:t)igiulm):tci)%[:iaRn:taiIing 6] AppliedThermal Engineering 210 201
-D. Marriott
3 _Jhon W.Lund E:src;yu[t;llization of Geothermal Energies - 2010
4 -AsiyeGiil Bayraker  Utilization of renewable energies ~ Renewable and Sustainable 71 2012

-Glnnur Kogar in Turkey’s agriculture [8] Energy Reviews

Source: own elaboration.

3. ANALYSIS OF RESULTS

3.1 Application of geothermal energy in the agroindustry

From the first indications of geothermal energy application worldwide, widespread use
was established to cool or heat production processes [33]. In India’s case, a global lead
food producer, implementing space cooling and heating systems using geothermal
energy has reduced food losses and waste [34]. The most important example of these
systems is greenhouses, which become more effective than some outdoor crops, exposed
to various physical, chemical, and biological factors that cause low crop probability.
These greenhouses operate by heating and cooling different spaces so that sufficient
protection is given to crops, generating optimal plant growth [2, 35, 36]. Similarly,
geothermal energy applied in greenhouses provides an energy source to sustain lighting
and the continuous enrichment of CO, within the facility, highlighting the crop’s
quality throughout the year, regardless of external environmental conditions [37].
For this reason, the use of geothermal energy in the food supply chain gives communities
the advantage of having a controlled environment to produce [18]. Due to the benefits in
food security and the feasibility of producing plants in a greenhouse environment [38],
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this has given place to the widespread use of modular agriculture in vertical farms
from geothermal heating systems, as is the case of Canada [39].

Likewise, due to the increase in the use of renewable energies [40], geothermal
energy has been implemented in the production of milk and ice, being indispensable for
its conservation in the creation of new derived foods [41, 42]. Also, geothermal energy is
applied to the production of tomatoes, cucumbers and peppers, and it is important
in the development of sauces and seasonings [43]; or as provider of the heat necessary
for the operation of food dryers such as those aforementioned [44, 45]. Thus, worldwide
agro-businesses already supply markets with vegetables, fruits, flowers, and seedlings
produced from geothermal energy facilities from Hungary, Russia, New Zealand, Japan,
Iceland, China, Tunisia, US, Kenya and Pakistan [7, 46, 47].

Another example of geothermal energy application in the food industry is imple-
menting an efficient aquaculture heating system [48]. This application has been made
in countries with high potential in this kind of technologies, such as Italy, which stands
out for its large production of said energy used in thermal waters, fish farming, and spa
areas [49]. Other implementing countries are Kenya, Iceland, China, Germany and
Poland [50, 53] among several countries having relatively high population acceptances,
willing to transform their behaviors and attitudes to apply new alternatives [54]. This
type of energy is used quite a lot for fish farms or fish farming. That’s the case of
the city of Meshkin-Shahr in northwest Iran where the energy extracted accounts for
34 % of this activity, as well as the United States, Iceland, New Zealand, Japan and
China [7, 55]. The success of this application lies in the control of temperatures in the
pond, optimizing the growth of species such as catfish, shrimp, tilapia, eels, tropical
fish [7], and salmon.

Similarly, another application is the drying of fruits and vegetables, which emerged
to meet the growing demand for food around the world. In the case of Egypt, in the
agricultural sector has established energy and food security [57] through diverse pro-
cesses using geothermal energy in agricultural drying [35]. This technique’s selection
depends on the type of food and its characteristics [58]. Generally, the process has a
geothermal cycle consisting of a heat pump, cooling system, turbines, and hot water
and drying systems [59]. In the geothermal drying system, fresh air is required to pass
through a converted air-water duct and is heated by geothermal steam to a temperature
between 40 and 100 °C [60], which is responsible for eliminating the humidity present
in the food and subsequently reducing its volume [61]. This is a model that can be
used to optimize drying [62], and can also be part of cooking processes in industrial
food processing [63].
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Its application occurs on various foods such as algae (Iceland), onion (USA),
wheat and other cereals (Serbia), fruits (El Salvador, Guatemala, and Mexico), alfalfa
(New Zeeland), coconut flesh (Philippines) [7], tomato, avocado, green chili (Mexico
and Turkey) [64] and beer malt [65]. Besides, this is used for food de-hydration, in
Turkey and Pakistan [47], [66]. All these processes have in common that geothermal
energy has a 24-hour availability, a benefit that, in general, is not achieved with other
renewable energies [47].

Another geothermal energy application in food industries, is the production of bottled
water and soft drinks [67]. It does not significantly influence the food, but one of the main
components to store the product and make it available to the market; this application has
been carried out in Bulgaria, Serbia, Turkey, and the United States [68, 69].

The dairy industry is also characterized by its high energy consumption [70].
Geothermal energy is used to carry out milk pasteurization processes in Romania,
New Zealand, Kenya and Turkey [46, 55]. Especially in Turkey, geothermal energy
is applied in the use of heat pumps [71] and the production of milk powder. The last
one is carried out using a processor consisting of eight units such as the evaporator,
the feed pump, the dryer spray, cooler, economizer, fan, heater, and compressor [72].

For the process, the milk enters the evaporator to reduce the water and leaves the
same temperature. After that, it passes to the next feeding and drying pump in which
the powdered milk is obtained [73, 74]. Finally, it is cooled by the contact of air and
is headed to packaging.

All of the above is given to show a circular food production system with the direct
use of geothermal energy to contribute to the efficiency not only of heat, water, and
nutrients but also for the energy sector and food industry [75, 76]. Thus, geothermal
energy is efficient in food processing since it is self-sufficient with positive impacts on
the environment. Likewise, it promotes sustainability, increases food security, benefits
consumers [8], and allows food to be stored and preserved, reducing shortage risks [77].
It is also a profitable alternative since it reduces costs in various processes of a large
part of the world’s food industries [45].

4, CONCLUSIONS

The potential of geothermal energy use is very high in the food industry. This is mainly
because it allows companies the decrease their conventional energy costs, making it a
viable alternative to implement. A bibliometric analysis of applications of geothermal
energy in the food industry was carried out worldwide. Based on 77 articles analyzed,
76.6 % belong to research articles, most of which use English as the primary language.
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The analysis was conducted from 2010 to 2020. Also, this study found that the magazine
Renewable and Sustainable Energy Reviews had the highest number of publications
with seven articles.

On the other hand, Turkey is characterized by being the country with the largest
number of publications regarding the use of geothermal energy in food industry.

Trends of great importance were observed, such as that a 96.62 % of scientific
articles identified display a comprehensive and compiled information on the subject.
This was because they generated great data and contributions related to uses, processes
and applications of geothermal energy, while the remaining 3.4 % did not address
the issue with sufficient criteria and / or contributions on geothermal energy in the food
industry. Likewise, 97.4 % of the total records were published in the English language. In
the same way, the number of publications has increased since 2015 thanks to the
incursion of renewable energies in different industries, even more in countries with great
technological progress such as Turkey, USA, Romania, Canada, and others, through the
participation of approximately 67 institutions. Regarding to interest and research
contribution, the journal “Comments on renewable and sustainable energy” was the
one where more records were found related to food safety issues, food processing, and
geothermal resources for food production. Finally, high-impact articles with the highest
number of citations were also evaluated. In this sense, the article “Energy intensity
of agricultural and food systems” of the Annual Magazine Comments was the most
important within the community interested in the subject investigated.

It is then defined that the need to replace the use of fossil fuels gave way to
applying geothermal energy in different industries around the world. However, the
food industry has excelled through this type of renewable energy. It has managed
to satisfy the energy demand of certain agricultural and food production, providing
these for a big part of the population. On the other hand, it is stated that geothermal
energy is highly efficient in this industry since it results in quality products at low cost
without producing pollution rates as high as those that use fossil fuels and allowing
food preservation processes (Iran, Kenya, Egypt, Poland, Iceland). In this way, at a
global level, geothermal energy is implemented in the food industry in a representative
percentage through different activities.

In refrigeration or heating systems in controlled environments or greenhouses, cou-
ntries such as India, Hungary, Russia, New Zealand, Japan, Iceland, China, Tunisia and
USA stand out. The USA, Kenya, and Pakistan manage to reduce waste and food loss
by providing crops with better conditions for developing fruits, vegetables, and seedlings
necessary to generate food security in their territories. Similarly, geothermal energy
in the aquaculture sector allows countries such as Iran, the United States, Iceland,
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New Zealand, Japan, China, Kenya, Italy, Iceland, Germany, and Poland to optimize
the growth of different species of fish through temperature control in the breeding
ponds, allowing a position in world trade and the adaptation of sustainable alternatives
in their production processes.

Additionally, the drying process of fruits, vegetables, and cereals through the
application of this type of energy has been used by many countries: Egypt, Mexico,
Serbia, the Philippines and Turkey. There are other activities such as beverage bottling,
milk pasteurization, and milk powder production, which have demonstrated the
commitment of many territories to contribute sustainably to the energy, food processing,
and production sector, benefiting not only the industry and the environment but also
the world population. In this sense, geothermal energy provides food security at a low
cost in high-quality indices.

REFERENCES

[11  S.Tyagi, N. Garg, and R. Paudel, “Environmental Degradation: Causes and Consequences,”
Eur. Res., vol. 81, no. 8-2, p. 1491, 2014, doi: 10.13187/er.2014.81.1491.

[2] S.Z.Kovacs, P. Pdla, V. Varju, D. Topi¢, and B. H. Kovacs, “Local economic development
based on renewable energies and energy efficiency in rural areas,” 16th Nat. Gas, Heat Water
Conf. 9th Int. Nat. Gas, Heat Water Conf., no. September 2018, pp. 101-111, 2018, http://
www.regscience.hu:8080/xmlui/bitstream/handle/11155/1796/1local.pdf?sequence=1.

[3] B.Mundial, “Energia geotérmica,” 2017. https://www.bancomundial.org/es/results/2017/12/01/
geothermal (accessed Feb. 09, 2021).

[4] R.E.Pineda Arrieta, G. E. Valencia Ochoa, and J. R. Mckinley, “A bibliometric analysis of
solar tracking systems research,” Prospectiva, vol. 16, no. 2, pp. 35—48, 2018, doi: 10.15665/
rp.v16i2.841.

[S]  N. Pelletier et al., “Energy intensity of agriculture and food systems,” Annu. Rev. Environ.
Resour., vol. 36, pp. 233-246, 2011, doi: 10.1146/annurev-environ-081710-161014.

[6] S.A.Tassou, Y. Ge, A. Hadawey, and D. Marriott, “Energy consumption and conservation
in food retailing,” Appl. Therm. Eng., vol. 31, no. 2-3, pp. 147-156, 2011, doi: 10.1016/].
applthermaleng.2010.08.023.

[7T J. W.Lund, “Direct utilization of geothermal energy,” Energies, vol. 3, no. 8, pp. 1443-1471,
2010, doi: 10.3390/en3081443.

[81 A. G. Bayrakci and G. Kogar, “Utilization of renewable energies in Turkey’s agriculture,”
Renewable and Sustainable Energy Reviews, vol. 16, no. 1. Elsevier Ltd, pp. 618—633, Jan.
01, 2012, doi: 10.1016/j.rser.2011.08.027.

Revista Ingenierias Universidad de Medellin, 21(40) « Enero-junio de 2022 « pp. 67-86 « ISSN (en linea): 2248-4094


http://www.regscience.hu:8080/xmlui/bitstream/handle/11155/1796/local.pdf?sequence=1
http://www.regscience.hu:8080/xmlui/bitstream/handle/11155/1796/local.pdf?sequence=1
http://doi.org/10.15665/rp.v16i2.841
http://doi.org/10.15665/rp.v16i2.841
http://doi.org/10.1146/annurev-environ-081710-161014
http://doi.org/10.1016/j.applthermaleng.2010.08.023
http://doi.org/10.1016/j.applthermaleng.2010.08.023
http://doi.org/10.3390/en3081443
http://doi.org/10.1016/j.rser.2011.08.027

Use of geothermal energy in the food industry: a review ~ 81

[11]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

D. Chandrasekharam, A. Lashin, N. Al Arifi, A. M. Al-Bassam, and C. Varun, “Geothermal
energy for desalination to secure food security: Case study in Djibouti,” Energy. Sustain.
Soc., vol. 9, no. 1, 2019, doi: 10.1186/s13705-019-0206-3.

R. Law, A. Harvey, and D. Reay, “Opportunities for low-grade heat recovery in the UK food
processing industry” Appl. Therm. Eng., vol. 53, no. 2, pp. 188—196, May 2013, doi: 10.1016/j.
applthermaleng.2012.03.024.

K. Yadav and A. Sircar, “Application of low enthalpy geothermal fluid for space heating and
cooling, honey processing and milk pasteurization,” Case Stud. Therm. Eng., vol. 14, no.
February, p. 100499, 2019, doi: 10.1016/j.csite.2019.100499.

M. Taniguchi, N. Masuhara, and K. Burnett, “Water, energy, and food security in the Asia
Pacific region,” J. Hydrol. Reg. Stud., vol. 11, pp. 9-19, 2017, doi: 10.1016/j.ejrh.2015.11.005.

A. Manzella, “Geothermal energy,” EPJ Web Conf., vol. 148, pp. 1-26, 2017, doi: 10.1051/
epjconf/201714800012.

ZEHE, T.-H. Kim, and S.- Yee, “Evaluation of Applicability of Renewable Energy in
Controlled Horticulture Farms-Centering on Economic Analysis of Geothermal.Solar
Powered,” Korean Association of Organic Agriculture, 2012. Accessed: Feb. 10, 2021.
[Online]. Available: https://www.koreascience.or.kr/article/JAK0201229665548390.page.

G. Chen, D. Chandrasekharam, J. Piechocki and Jochen Bundschuh, “Geothermal, Wind
and Solar Energy Applications in Agriculture and Aquaculture,” CRC Press, 2017. https:/
books.google.es/books?id=ajgPEA AAQBAJ&dq=«Geothermal,+wind+and-+solar+energy
+applications+in+agriculture+and+aquaculture,&hl=es&Ir= (accessed Feb. 09, 2021).

R. Ilgar, “Economic Contributions and Environmental Effects of Geothermal Energy:
Canakkale-Tuzla Geothermal Example,” Int. J. Res. Geogr., vol. 5, no. 1, pp. 1-8, 2019, doi:
10.20431/2454-8685.0501001.

FONAM, “GU{A DE BUENAS PRACTICAS DE AHORRO Y EFICIENCIA ENERGETICA
SECTOR CURTIEMBRE,” pp. 1-18, 2004, [Online]. Available: http:/energiayambientean-
dina.net/pdf/FONAM - GUIA DE BP DE AHORRO Y EFICICENCIA ENERGETICA EN
EL SECTOR CURTIEMBRE.pdf.

C. Kinney, A. Dehghani-Sanij, S. B. Mahbaz, M. B. Dusseault, J. S. Nathwani, and R. A.
Fraser, “Geothermal energy for sustainable food production in Canada’s remote northern
communities,” Energies, vol. 12, no. 21, 2019, doi: 10.3390/en12214058.

J.C. Pasqual, C.C. Lardizabal, G. Herrera, H. A. Bollmann, and E. de O. Nunes, “Water-
Energy-Food Nexus: Comparative Scenarios and Public Policy Perspectives from Some
Latin American Countries Regarding Biogas from Agriculture and Livestock,” J. Agric.
Sci. Technol. A, vol. 5, no. 6, Jun. 2015, doi: 10.17265/2161-6256/2015.06.004.

Revista Ingenierias Universidad de Medellin, 21(40) « Enero-junio de 2022 « pp. 67-86 « ISSN (en linea): 2248-4094


http://doi.org/10.1186/s13705-019-0206-3
http://doi.org/10.1016/j.applthermaleng.2012.03.024
http://doi.org/10.1016/j.applthermaleng.2012.03.024
http://doi.org/10.1016/j.csite.2019.100499
http://doi.org/10.1016/j.ejrh.2015.11.005
http://doi.org/10.1051/epjconf/201714800012
http://doi.org/10.1051/epjconf/201714800012
https://www.koreascience.or.kr/article/JAKO201229665548390.page
https://books.google.es/books?id=ajgPEAAAQBAJ&dq=«Geothermal,+wind+and+solar+energy+applications+in+agriculture+and+aquaculture,&hl=es&lr=
https://books.google.es/books?id=ajgPEAAAQBAJ&dq=«Geothermal,+wind+and+solar+energy+applications+in+agriculture+and+aquaculture,&hl=es&lr=
https://books.google.es/books?id=ajgPEAAAQBAJ&dq=«Geothermal,+wind+and+solar+energy+applications+in+agriculture+and+aquaculture,&hl=es&lr=
http://doi.org/10.20431/2454-8685.0501001
http://energiayambienteandina.net/pdf/FONAM - GUÌA DE BP DE AHORRO Y EFICICENCIA ENERGÈTICA EN EL SECTOR CURTIEMBRE.pdf
http://energiayambienteandina.net/pdf/FONAM - GUÌA DE BP DE AHORRO Y EFICICENCIA ENERGÈTICA EN EL SECTOR CURTIEMBRE.pdf
http://energiayambienteandina.net/pdf/FONAM - GUÌA DE BP DE AHORRO Y EFICICENCIA ENERGÈTICA EN EL SECTOR CURTIEMBRE.pdf
http://doi.org/10.3390/en12214058
http://doi.org/10.17265/2161-6256/2015.06.004

82

Lina Patricia Vega, Jeimy A. Parra Ramos, Maria P. Garcia Sarmiento, Maria A. Ruiz Gaitan y Liz A. Pedraos Juya

[20]

[21]

[22]

[23]

[29]

[30]

F. Van Der Meer et al., “GEOCAP : Geothermal Capacity Building Program (Indonesia-
Netherlands),” World Geotherm. Congr. 2015, no. April, pp. 1-6, 2015. https:/www.
geothermal-energy.org/pdf/IGAstandard/ WGC/2015/09009.pdf.

D. Borge-Diez, A. Colmenar-Santos, C. Pérez-Molina, and A. Lopez-Rey, “Geothermal source
heat pumps under energy services companies finance scheme to increase energy efficiency
and production in stockbreeding facilities,” Energy, vol. 88, pp. 821-836, Aug. 2015, doi:
10.1016/j.energy.2015.07.005.

I. Carmen and V. Adela, “Research on automation systems that use geothermal water energy when
is applied to food industry machinery,” vol. XVII, pp. 149-158, 2018. http://protmed.uoradea.ro/
facultate/publicatii/ecotox _zooteh_ind_alim/2018B/foodscience/07 IancuCarmen.pdf.

N. Gruda, M. Bisbis, and J. Tanny, “Impacts of protected vegetable cultivation on climate
change and adaptation strategies for cleaner production — A review,” Journal of Cleaner Pro-
duction, vol. 225. Elsevier Ltd, pp. 324-339, Jul. 10, 2019, doi: 10.1016/j.jclepro.2019.03.295.

J. Patel, D. Shukla, A. Mudgal, V. Patel, and H. Raval, “Performance Evaluation of
Latent Heat Thermal Storage Unit by integrating it with Flat Plate type Solar Air Heater,”
in Journal of Physics: Conference Series, Aug. 2019, vol. 1276, no. 1, p. 12076, doi:
10.1088/1742-6596/1276/1/012076.

B. Sanner, “Shallow geothermal energy — history, development, current status, and future
prospects,” Proceedings, Eur. Geotherm. Congr. Strasbourg, Fr. 19-24 Sept 2016, pp. 1-19,
2016. http://sanner-online.de/media/c8848455cf28212Ffff803cfFfIfff1.pdf.

B. Tomaszewska and A. Szczepanski, “Possibilities for the efficient utilisation of spent
geothermal waters,” Environ. Sci. Pollut. Res., vol. 21, no. 19, pp. 11409-11417, Aug. 2014,
doi: 10.1007/511356-014-3076-4.

A. Tugcu and O. Arslan, “Optimization of geothermal energy aided absorption refrigeration
system—GAARS: A novel ANN-based approach,” Geothermics, vol. 65, pp. 210-221, Jan.
2017, doi: 10.1016/j.geothermics.2016.10.004.

S. Cho, J. Kim, and E. Heo, “Application of fuzzy analytic hierarchy process to select the
optimal heating facility for Korean horticulture and stockbreeding sectors,” Renewable and
Sustainable Energy Reviews, vol. 49. Elsevier Ltd, pp. 1075-1083, Oct. 2015, doi: 10.1016/j.
rser.2015.04.105.

L. RUZICIC, L. KOSTADINOVIC, K. GLIGOREVIC, and M. OLJACA, “THE APPLICA-
TION OF GEOTHERMAL ENERGY IN AGRICULTURE,” Chmk Nurs. Sci. J. Vol. 59,
(2). September, pp. 91-104, 2013. http://89.188.43.75/agricultforest/20130629-09 Ruzicic et
al.pdf.

H. M. A. Jiménez, P. S. Pérez, O. V. Madrazo, E. P. Gonzalez, and A. J. Rivera, “Low-enthalpy
geothermal food dehydrator,” Trans. - Geotherm. Resour. Counc., vol. 40, pp. 163—168, 2016.
http://pubs.geothermal-library.org/lib/grc/1032320.pdf.

Revista Ingenierias Universidad de Medellin, 21(40) « Enero-junio de 2022 « pp. 67-86 « ISSN (en linea): 2248-4094


https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2015/09009.pdf
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2015/09009.pdf
http://doi.org/10.1016/j.energy.2015.07.005
http://protmed.uoradea.ro/facultate/publicatii/ecotox_zooteh_ind_alim/2018B/foodscience/07 IancuCarmen.pdf
http://protmed.uoradea.ro/facultate/publicatii/ecotox_zooteh_ind_alim/2018B/foodscience/07 IancuCarmen.pdf
http://doi.org/10.1016/j.jclepro.2019.03.295
http://doi.org/10.1088/1742-6596/1276/1/012076
http://sanner-online.de/media/c8848455cf28212fffff803cfffffff1.pdf
http://doi.org/10.1007/s11356-014-3076-4
http://doi.org/10.1016/j.geothermics.2016.10.004
http://doi.org/10.1016/j.rser.2015.04.105
http://doi.org/10.1016/j.rser.2015.04.105
http://89.188.43.75/agricultforest/20130629-09 Ruzicic et al.pdf
http://89.188.43.75/agricultforest/20130629-09 Ruzicic et al.pdf
http://pubs.geothermal-library.org/lib/grc/1032320.pdf

Use of geothermal energy in the food industry: a review ~ 83

[31]

[32]

[33]

[34]

[35]

[36]

[38]

[39]

[40]

[41]

R. Bertani, “Deep Geothermal Energy for Heating and Cooling,” in Renewable Heating and
Cooling: Technologies and Applications, Elsevier Inc., 2016, pp. 67—88.

N. Yildirim and S. Genc, “Energy and exergy analysis of a milk powder production
system,” Energy Convers. Manag., vol. 149, pp. 698—705, Oct. 2017, doi: 10.1016/j.
enconman.2017.01.064.

J. W. Lund, D. H. Freeston, and T. L. Boyd, “Direct utilization of geothermal energy 2010
worldwide review,” Geothermics, vol. 40, no. 3, pp. 159-180, Sep. 2011, doi: 10.1016/j.
geothermics.2011.07.004.

V. Chandrasekhar and D. Chandrasekharam, “Energy Independence Through CDM Using
Geothermal Resources: Indian Scenario,” undefined, 2010, Accessed: Feb. 09, 2021. [Online].
Available: https:/www.semanticscholar.org/paper/Energy-Independence-Through-CDM-
Using-Geothermal-Chandrasekhar-Chandrasekharam/13af649¢53e6b51faff477¢3t7491£09
61b052197p2df.

P. F. A. Ogola, B. Davidsdottir, and I. B. Fridleifsson, “Potential contribution of geothermal
energy to climate change adaptation: A case study of the arid and semi-arid eastern Baringo
lowlands, Kenya,” Renewable and Sustainable Energy Reviews, vol. 16, no. 6. Pergamon,
pp. 42224246, Aug. 01, 2012, doi: 10.1016/j.rser.2012.01.081.

I. M. A. Aljubury and H. D. a. Ridha, “Enhancement of evaporative cooling system in a
greenhouse using geothermal energy,” Renew. Energy, vol. 111, pp. 321-331, Oct. 2017, doi:
10.1016/j.renene.2017.03.080.

A. Ragnarsson and M. Agustsson, “Geothermal energy in horticulture,” Short Course VI
Util. Low- Mediu. Geotherm. Resour. Financ. Asp. Util., pp. 1-7, 2014. http:/www.o0s.is/
gogn/unu-gtp-s¢/UNU-GTP-SC-18-23.pdf.

G. M. Butrico and D. H. Kaplan, “Greenhouse Agriculture in the Icelandic Food System,”
Eur. Countrys., vol. 10, no. 4, pp. 711-724, 2018, doi: 10.2478/euco-2018-0039.

R. Gruia, “Study on energy resources integration and sustainability of the new modular
agriculture pattern,” Environ. Eng. Manag. J., vol. 10, no. 8, pp. 1213-1219, 2011, doi:
10.30638/eem;j.2011.174.

L. Riley, “INSIDE THE GREENHOUSE: Geothermal Energy and Spider Mite Production,”
Environ. Sci., vol. 29, pp. 15-18, 2010, [Online]. Available: http://digitallib.oit.edu/digital/
collection/geoheat/id/11454.

W. Weidong, C. Xiaojiao, and Y. Wenyuan, “Thermodynamic Analysis of Organic Rankine-
Single-Stage Vapor Compression Refrigeration System Powered by Medium-Temperature
Geothermal Energy,” J. Univ. Shanghai Sci. Technol., 2015, Accessed: Feb. 09, 2021. http://
en.cnki.com.cn/Article_en/CJFDTotal-HDGY201502001.htm.

Revista Ingenierias Universidad de Medellin, 21(40) « Enero-junio de 2022 « pp. 67-86 « ISSN (en linea): 2248-4094


http://doi.org/10.1016/j.enconman.2017.01.064
http://doi.org/10.1016/j.enconman.2017.01.064
http://doi.org/10.1016/j.geothermics.2011.07.004
http://doi.org/10.1016/j.geothermics.2011.07.004
https://www.semanticscholar.org/paper/Energy-Independence-Through-CDM-Using-Geothermal-Chandrasekhar-Chandrasekharam/13af649e53e6b51faff477c3f7491f0961b05219?p2df
https://www.semanticscholar.org/paper/Energy-Independence-Through-CDM-Using-Geothermal-Chandrasekhar-Chandrasekharam/13af649e53e6b51faff477c3f7491f0961b05219?p2df
https://www.semanticscholar.org/paper/Energy-Independence-Through-CDM-Using-Geothermal-Chandrasekhar-Chandrasekharam/13af649e53e6b51faff477c3f7491f0961b05219?p2df
http://doi.org/10.1016/j.rser.2012.01.081
http://doi.org/10.1016/j.renene.2017.03.080
http://www.os.is/gogn/unu-gtp-sc/UNU-GTP-SC-18-23.pdf
http://www.os.is/gogn/unu-gtp-sc/UNU-GTP-SC-18-23.pdf
http://doi.org/10.2478/euco-2018-0039
http://doi.org/10.30638/eemj.2011.174
http://digitallib.oit.edu/digital/collection/geoheat/id/11454
http://digitallib.oit.edu/digital/collection/geoheat/id/11454
http://en.cnki.com.cn/Article_en/CJFDTotal-HDGY201502001.htm
http://en.cnki.com.cn/Article_en/CJFDTotal-HDGY201502001.htm

84

Lina Patricia Vega, Jeimy A. Parra Ramos, Maria P. Garcia Sarmiento, Maria A. Ruiz Gaitan y Liz A. Pedraos Juya

[42]

[44]

[45]

[46]

[52]

[53]

R. Sikorska-bgczek, “The use of geothermal energy in absorption refrigeration circuits,”
Czas. Tech., vol. 2015, no. Srodowisko Zeszyt 1-S (18) 2015, pp. 119-125, 2015, doi:
10.4467/2353737XCT.15.190.4395.

J. Subié, L. Nasti¢, and B. Beki¢, “Economic Effects of Using Geothermal Waters in the
Production of Flowers and Vegetables in Glasshouses,” Procedia Econ. Financ., vol. 22, no.
November 2014, pp. 131-140, 2015, doi: 10.1016/s2212-5671(15)00241-5.

C.Iancu and M. Badescu, “RENEWABLE ENERGY FOR DRYING GRAIN,” 4th Int. Conf.
Therm. Equipment, Renew. Energy Rural Dev., vol. 180, 2015. https://www.researchgate.net/
profile/Monica_Vasile/publication/278021508 Proceedings TE-RE-RD_2015_CD-ROM/
links/55792a6608a¢752158704081.pdf#page=261.

K. Dehina, A. M. Mokhtari, and B. Souyri, “Energy modelling of a new co-current coaxial
earth — water to air- heat exchanger. Case study: Heating of house in Biskra - Algeria,”
Geothermics, vol. 87, p. 101836, Sep. 2020, doi: 10.1016/j.geothermics.2020.101836.

E. Nyambura, “Direct Use of Geothermal Energy : Menengai Direct Use Pilot Projects
in Kenya,” no. November, pp. 1-6, 2016. http://theargeo.org/fullpapers/DIRECT USE OF
GEOTHERMAL ENERGY- AN UPDATE OF THE MENENGAI DIRECT USE PILOT
PROJECT IN KENYA.pdf.

T. Abbas, A. Ahmed Bazmi, A. Waheed Bhutto, and G. Zahedi, “Greener energy: Issues and
challenges for Pakistan-geothermal energy prospective,” Renewable and Sustainable Energy
Reviews, vol. 31. Elsevier Ltd, pp. 258-269, Mar. 01, 2014, doi: 10.1016/j.rser.2013.11.043.

M. H. Kuska, “Energy Modelling to Evaluate the Thermal Regulation of Aquaculture
Raceways using Geothermal Heat Exchange,” 2019, [Online]. Available: https:/ir.lib.uwo.
ca/cgi/viewcontent.cgi?article=9192 &context=etd.

G. Buonasorte, F. Rizzi, and G. Passaleva, “Direct Uses of Geothermal Energy in Italy 2005-
2009: Update Report and Perspectives,” Proc. World Geotherm. Congr., vol. 2006, no. April,
pp- 25-29, 2010. https://www.geothermal-energy.org/pdf/IGAstandard/ WGC/2010/0151.pdf.

S. Kinyanjui, “Direct use of geothermal energy in Menengai, Kenya: proposed geothermal
spa and crop drying,” no. 9, 2014. http://rafhladan.is/handle/10802/7392.

A. Ragnarsson, “Geothermal Development in Iceland 2005-2009,” Proc. World Geotherm.
Congr. 2015, no. April, pp. 19-25, 2010. https:/www.geothermal-energy.org/pdf/IGAstan-
dard/WGC/2015/01077.pdf.

E. Mands, M. Sauer, E. Grundmann, B. Sanner, and U. Gbr, “Shallow geothermal energy
use in industry in Germany,” Eur. Geotherm. Congr. 2016, vol. 2010, no. 2013, pp. 19-24,
2016. http://www.sanner-geo.cu/media/c8848455cf28212fffTf8 0361 T {ff1.pdf.

L. Swiatek, “A case study of geothermal resources use for the innovative aquaculture from
perspective of syntropic development concept,” Int. J. Energy Prod. Manag., vol. 5, no. 1,
pp. 60—69, 2020, doi: 10.2495/EQ-V5-N1-60-69.

Revista Ingenierias Universidad de Medellin, 21(40) « Enero-junio de 2022 « pp. 67-86 « ISSN (en linea): 2248-4094


http://doi.org/10.4467/2353737XCT.15.190.4395
http://doi.org/10.1016/s2212-5671(15)00241-5
https://www.researchgate.net/profile/Monica_Vasile/publication/278021508_Proceedings_TE-RE-RD_2015_CD-ROM/links/55792a6608ae752158704081.pdf#page=261
https://www.researchgate.net/profile/Monica_Vasile/publication/278021508_Proceedings_TE-RE-RD_2015_CD-ROM/links/55792a6608ae752158704081.pdf#page=261
https://www.researchgate.net/profile/Monica_Vasile/publication/278021508_Proceedings_TE-RE-RD_2015_CD-ROM/links/55792a6608ae752158704081.pdf#page=261
http://doi.org/10.1016/j.geothermics.2020.101836
http://theargeo.org/fullpapers/DIRECT USE OF GEOTHERMAL ENERGY- AN UPDATE OF THE MENENGAI DIRECT USE PILOT PROJECT IN KENYA.pdf
http://theargeo.org/fullpapers/DIRECT USE OF GEOTHERMAL ENERGY- AN UPDATE OF THE MENENGAI DIRECT USE PILOT PROJECT IN KENYA.pdf
http://theargeo.org/fullpapers/DIRECT USE OF GEOTHERMAL ENERGY- AN UPDATE OF THE MENENGAI DIRECT USE PILOT PROJECT IN KENYA.pdf
http://doi.org/10.1016/j.rser.2013.11.043
https://ir.lib.uwo.ca/cgi/viewcontent.cgi?article=9192&context=etd
https://ir.lib.uwo.ca/cgi/viewcontent.cgi?article=9192&context=etd
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2010/0151.pdf
http://rafhladan.is/handle/10802/7392
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2015/01077.pdf
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2015/01077.pdf
http://www.sanner-geo.eu/media/c8848455cf28212fffff8036fffffff1.pdf
http://doi.org/10.2495/EQ-V5-N1-60-69

Use of geothermal energy in the food industry: a review ~ 85

[54]

[56]

[57]

(58]

[59]

[60]

[62]

[63]

[64]

[65]

B. Kepinska and A. Kasztelewicz, “Public Perception of Geothermal Energy in Selected
European Countries,” World Geotherm. Congr. 2015, no. April, pp. 19-25, 2015. https:/
pangea.stanford.edu/ERE/db/WGC/papers/WGC/2015/02036.pdf.

S. Roumi, H. Yousefi, Y. Noorollahi, K. Bekhrad, and S. Zarrouk, “Direct Applications
of Geothermal Energy; Economic and Environmental Assessment: Meshkin-Shahr, Iran,”
2017. https://www.researchgate.net/publication/313703791_Direct_Applications_of Geother-
mal Energy Economic_and Environmental Assessment Meshkin-Shahr Iran (accessed
Feb. 09, 2021).

A. Ragnarsson, “Geothermal Energy Use, Country Update for Iceland,” Eur. Geotherm.
Congr. 2013, no. September, pp. 1-7, 2013. https:/www.geothermal-energy.org/pdf/
IGAstandard/EGC/2013/EGC2013_CUR-16.pdf.

D. Chandrasekharam, A. Lashin, N. Al Arifi, A. Al Bassam, C. Varun, and H. K. Singh,
“Geothermal energy potential of eastern desert region, Egypt,” Environ. Earth Sci., vol. 75,
no. 8, pp. 1-15, Apr. 2016, doi: 10.1007/512665-016-5534-4.

M. Kostoglou, N. Chrysafis, and N. Andritsos, “Modelling Tomato Dehydration in a Tunnel
Dryer Using Geothermal Energy,” Dry. Technol., vol. 31, no. 1, pp. 5-16, Dec. 2013, doi:
10.1080/07373937.2012.710694.

M. F. Ezzat and I. Dincer, “Energy and exergy analyses of a new geothermal-solar energy
based system,” Sol. Energy, vol. 134, pp. 95-106, Sep. 2016, doi: 10.1016/j.solener.2016.04.029.

F. P. Song, L. X. Gong, L. W. Wang, and R. Z. Wang, “Study on gradient thermal driven
adsorption cycle with freezing and cooling output for food storage,” Appl. Therm. Eng., vol.
70, no. 1, pp. 231-239, Sep. 2014, doi: 10.1016/j.applthermaleng.2014.04.066.

Y. W. Yu, Y. [1 Kim, and S. Park, “Energy Performance Analysis of Electric Heater and Heat
Pump Food Dryers,” vol. 11, no. 4, pp. 1-6, 2015. https://www.koreascience.or.kr/article/
JAKO201506050646887.pdf.

M. Kostoglou, N. Chrysafis, and N. Andritsos, “Modeling a Tomato Dehydration Process
Using Geothermal Energy,” Proc. World Geotherm. Congr., no. April, pp. 25-29, 2010, doi:
10.1080/07373937.2012.710694.

D. Papasidero, S. Pierucci, and F. Manenti, “Energy optimization of bread baking process
undergoing quality constraints,” Energy, vol. 116, pp. 1417-1422, Dec. 2016, doi: 10.1016/j.
energy.2016.06.046.

V. M. Ambriz-Diaz, C. Rubio-Maya, J. J. Pacheco Ibarra, S. R. Galvan Gonzalez, and
J. Martinez Patifio, “Analysis of a sequential production of electricity, ice and drying of
agricultural products by cascading geothermal energy,” Int. J. Hydrogen Energy, vol. 42,
no. 28, pp. 18092-18102, Jul. 2017, doi: 10.1016/j.ijhydene.2017.02.154.

I. C. Violeta, P. Mariana, and V. Aurora, “RESEARCH RELATED TO THE MALT DRYING
USING Geothermal Water,” pp. 181-186, 2011, doi: 10.31924/nrsd.

Revista Ingenierias Universidad de Medellin, 21(40) « Enero-junio de 2022 « pp. 67-86 « ISSN (en linea): 2248-4094


https://pangea.stanford.edu/ERE/db/WGC/papers/WGC/2015/02036.pdf
https://pangea.stanford.edu/ERE/db/WGC/papers/WGC/2015/02036.pdf
https://www.researchgate.net/publication/313703791_Direct_Applications_of_Geothermal_Energy_Economic_and_Environmental_Assessment_Meshkin-Shahr_Iran
https://www.researchgate.net/publication/313703791_Direct_Applications_of_Geothermal_Energy_Economic_and_Environmental_Assessment_Meshkin-Shahr_Iran
https://www.geothermal-energy.org/pdf/IGAstandard/EGC/2013/EGC2013_CUR-16.pdf
https://www.geothermal-energy.org/pdf/IGAstandard/EGC/2013/EGC2013_CUR-16.pdf
http://doi.org/10.1007/s12665-016-5534-4
http://doi.org/10.1080/07373937.2012.710694
http://doi.org/10.1016/j.solener.2016.04.029
http://doi.org/10.1016/j.applthermaleng.2014.04.066
https://www.koreascience.or.kr/article/JAKO201506050646887.pdf
https://www.koreascience.or.kr/article/JAKO201506050646887.pdf
http://doi.org/10.1080/07373937.2012.710694
http://doi.org/10.1016/j.energy.2016.06.046
http://doi.org/10.1016/j.energy.2016.06.046
http://doi.org/10.1016/j.ijhydene.2017.02.154
http://doi.org/10.31924/nrsd

86

Lina Patricia Vega, Jeimy A. Parra Ramos, Maria P. Garcia Sarmiento, Maria A. Ruiz Gaitan y Liz A. Pedraos Juya

[66]

[67]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

M. Melikoglu, “Geothermal energy in Turkey and around the World: A review of the literature
and an analysis based on Turkey’s Vision 2023 energy targets,” Renewable and Sustainable
Energy Reviews, vol. 76, pp. 485492, Sep. 01, 2017, doi: 10.1016/j.rser.2017.03.082.

A. A. Ananno, M. H. Masud, P. Dabnichki, and A. Ahmed, “Design and numerical analysis
of a hybrid geothermal PCM flat plate solar collector dryer for developing countries,” Sol.
Energy, vol. 196, pp. 270-286, Jan. 2020, doi: 10.1016/j.solener.2019.11.069.

J. Koiwanit, “Energy efficiency and environmental impact analysis in grocery store market
in Canada,” Int. J. GEOMATE, vol. 15, no. 49, pp. 30-36, 2018, doi: 10.21660/2018.49.3602.

H. M. A. Jiménez, E. P. Gonzélez, and A. Garcia-Gutiérrez, “Installation and testing of the
IIDEA geothermal food dehydrator in the Domo de San Pedro Nayarit Mexico geothermal
field,” Trans. - Geotherm. Resour. Counc., vol. 42, pp. 1678—1689, 2018. http://pubs.
geothermal-library.org/lib/grc/1033990.pdf.

N. Yildirim and S. Genc, “Thermodynamic analysis of a milk pasteurization process
assisted by geothermal energy,” Energy, vol. 90, pp. 987-996, Oct. 2015, doi: 10.1016/].
energy.2015.08.003.

S. Kilkig and B. Kilkis, “Integrated circular economy and education model to address aspects
of an energy-water-food nexus in a dairy facility and local contexts,” J. Clean. Prod., vol.
167, pp. 1084—1098, Nov. 2017, doi: 10.1016/j.jclepro.2017.03.178.

M. Aneke, B. Agnew, C. Underwood, H. Wu, and S. Masheiti, “Power generation from waste
heat in a food processing application,” Appl. Therm. Eng., vol. 36, no. 1, pp. 171-180, Apr.
2012, doi: 10.1016/j.applthermaleng.2011.12.023.

H.BASAK, S. Y. MADAKBAS, and G. GURDAL, “Feasibility of Vegetable Drying Technic
by Geothermal Heating at City of Kirsehir,” Tiirk Tarim ve Doga Bilim., vol. 6, no. 6, pp.
590-595-595, 2014. https://dergipark.org.tr/tr/download/article-file/142146.

J. Bundschuh, B. Tomaszewska, N. Ghaffour, I. Hamawand, H. Mahmoudi, and M. Goosen,
“Coupling geothermal direct heat with agriculture,” in Geothermal Water Management, CRC
Press, 2018, pp. 277-300.

R. Thorarinsdottir and R. Unnthorsson, “Direct Use of Geothermal Resources for Circular
Food Production,” Proceedings, vol. 2, no. 8, p. 497, 2018, doi: 10.3390/icem18-05405.

A.Hniman, S. O-Thong, and P. Prasertsan, “Developing a thermophilic hydrogen-producing
microbial consortia from geothermal spring for efficient utilization of xylose and glucose
mixed substrates and oil palm trunk hydrolysate,” in International Journal of Hydrogen
Energy, Jul. 2011, vol. 36, no. 14, pp. 8785-8793, doi: 10.1016/j.ijjhydene.2010.09.067.

K. Fikiin et al., “Refrigerated warehouses as intelligent hubs to integrate renewable energy
in industrial food refrigeration and to enhance power grid sustainability,” Trends in Food
Science and Technology, vol. 60. Elsevier Ltd, pp. 96—103, Feb. 01, 2017, doi: 10.1016/j.
tifs.2016.11.011.

Revista Ingenierias Universidad de Medellin, 21(40) « Enero-junio de 2022 « pp. 67-86 « ISSN (en linea): 2248-4094


http://doi.org/10.1016/j.rser.2017.03.082
http://doi.org/10.1016/j.solener.2019.11.069
http://doi.org/10.21660/2018.49.3602
http://pubs.geothermal-library.org/lib/grc/1033990.pdf
http://pubs.geothermal-library.org/lib/grc/1033990.pdf
http://doi.org/10.1016/j.energy.2015.08.003
http://doi.org/10.1016/j.energy.2015.08.003
http://doi.org/10.1016/j.jclepro.2017.03.178
http://doi.org/10.1016/j.applthermaleng.2011.12.023
https://dergipark.org.tr/tr/download/article-file/142146
http://doi.org/10.3390/icem18-05405
http://doi.org/10.1016/j.ijhydene.2010.09.067
http://doi.org/10.1016/j.tifs.2016.11.011
http://doi.org/10.1016/j.tifs.2016.11.011

	_Hlk82788223
	_Hlk82789629
	bau0005
	bau0010
	bau0015
	bau0020
	_Hlk535089114
	_Hlk528575500
	_Hlk536739212
	_Hlk96857406
	_Hlk96857538
	_Hlk96857674
	_Hlk96858017
	_Hlk96858580
	_Hlk96859330
	_Hlk96859543
	_Hlk96859693
	_Hlk96859760
	_Hlk96867316
	_Hlk96867438
	_Hlk96867463
	_GoBack
	_Ref63551462
	_Ref47539046
	_Ref63551885
	_Ref46152177
	_Hlk64670260
	OLE_LINK8
	OLE_LINK9
	OLE_LINK11
	OLE_LINK12
	_GoBack

