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Abstract:  
Geothermal energy is a clean and sustainable energy source that should be introduced gradually as 
an eco-friendly alternative in Ecuadorian society in order to reduce pollution rates and the ecological 
footprint caused in the Ecuadorian territory and globally is an energy source that has been growing 
steadily in recent years, however, the recent energy crisis caused by the COVID 19 pandemic that hit 
every corner of the planet and the collateral effects of the armed conflict in Europe has substantially 
reduced its use, returning to the use of fossil fuels for momentary sustainability. This research article 
is developed with the purpose of analyzing the feasibility of implementing geothermal energy as a 
source of energy that is capable of supplying the energy consumption needs in communities far from 
the main cities in the province of Chimborazo, In addition to considering the advantages and 
disadvantages that are presented in the process of implementation of thermodynamic systems that 
are capable of supplying the energy consumption of the area, focusing mainly on the energy 
transformation to obtain electricity capable of feeding the household power grid that has a low 
energy demand according to its population density. Using a descriptive methodology and non-
experimental design, among the results obtained it can be seen that in the province of Chimborazo, 
despite having several sources that if exploited could supply not only the surrounding communities, 
its scope could be extended to entire cantons if applied, however, the limitation is the economic 
investment and the almost null knowledge of the sectional authorities in the implementation of 
policies for the exploitation of clean and eco-friendly energies. 
KeyWords: Geothermal energy; sustainable; thermodynamic; Feasibility; Gas. 
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1. Introduction. 
The growing energy demand resulting from 
the continuous population growth 
experienced in Ecuador, based on data from 
the National Energy Balance (BEN) of 2018 
(Geological and Energy Research Institute 
(IIGE)), makes a retrospective study of the 
previous decade whose data reflect a 
population growth of 3.2 million inhabitants, 
During the period, analyzed, per capita energy 
consumption increased by 15.3%, from 4.77 
Barrels of Oil Equivalent (BEP) per inhabitant 
in 2008 to 5.50 BEP/inhabitant in 2018. At the 
time of the study, the country's population 
was 18,073,645 inhabitants (INEC, 2022), a 
significant increase over the 17 million 
inhabitants at the time the BEN was carried 
out. Within the broad report issued, all types 
of energy currently used in the national 
territory are considered, at the same time 
mention is made of non-conventional 
renewable energies such as those coming 
from sugarcane bagasse, firewood, solar, wind 
and biogas (Instituto de 
InvestigaciónGeológico y Energético (IIGE), p. 
43). However, no mention is made of 
geothermal energy, a renewable resource that 
has been gaining ground in recent years due to 
its low environmental impact. It can be 
considered untapped considering its 
geographical location, as it is located in the 
area that makes up the Pacific Ring of Fire, 
mainly in the Inter-Andean Region where 
volcanoes are common, several of them in 
eruptive process, This energy is largely wasted, 
according to studies developed by the 
Superior Council of Scientific Research, which 
state that volcanoes can generate up to ten 
times more energy than conventional 
geothermal sources (2019), more than enough 
potential to meet the energy demand of 
various sectors of society, its greatest 
advantage is that it is considered an eternal 
and sustainable energy redoubt.  
The world production of clean energies will be 
seriously affected by the power and economic 
crisis unleashed after the confinement caused 
by the COVID-19 pandemic and the armed 
crisis unleashed in Europe due to the war 

between Ukraine and Russia, the latter being 
the leading supplier of the liquefied petroleum 
gas network, supplying the product to most of 
the nations that make up the European Union, 
because of these factors, it is almost inevitable 
that nations will return to satisfy their energy 
needs through the consumption of fossil fuels 
(El Comercio, 2022). Current technology allows 
different ways to produce energy based on the 
use of renewable resources. However, the 
applicability of these depends largely on 
different factors such as local geographic 
characteristics, available resources, country 
policies, and societal acceptance (Barragán-
Escandón et al., 2022). The aim is to reduce 
the vulnerability associated with dependence 
on oil and its derivatives by diversifying the 
energy matrix. Ecuador is highly dependent on 
oil, and the impact of this dependence is 
pollution, during recent years it has resorted 
to the extraction of hydropower as the main 
source to meet domestic energy demand, and 
the effects of global climate change threaten 
the production of electricity from 
hydroelectric plants. For example, during 
periods of water scarcity, electricity 
production is affected by the lack of river flow, 
thermal energy extraction accounts for only 
39.2 %, internal resources are not sufficient to 
meet domestic demand and for this reason, 
energy is acquired from the interconnected 
network between Colombia and Peru 
(Instituto de InvestigaciónGeológico y 
Energético (IIGE), p. 40). 
This and other problems, such as the 
susceptibility of these sources to vary their 
energy output according to the meteorological 
conditions of the area, have led to the search 
for other options for energy generation. Based 
on this perspective is born the potential of 
geothermal energy as a means of electricity 
production, with a potential to generate 
energy in a more stable and constant than 
that produced by hydroelectric and also with 
reduced waste generation, Ecuador being a 
country with high volcanic activity in recent 
decades, This added to the innumerable 
thermal springs and especially in the inter-
Andean region make researchers think that 
this land has a high potential to develop a 
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geothermal industry capable of not only 
generating energy but has the ability to be 
used in other fields such as agriculture (Lloret, 
2014). 
Currently, there are no studies that indicate 
the feasibility of applying an efficient system 
of geothermal energy extraction from the 
large mountainous elevations located in the 
province of Chimborazo, considering that it is 
located in the center of the inter-Andean alley 
of Ecuador. The Ecuadorian energy market has 
been known for subsidizing the price of fossil 
fuels, which has weakened the development 
of alternative energy sources and 
compromised the national budget every year. 
For this reason, since 2020 the partial 
withdrawal of the subsidy seeks to bring the 
prices of derivatives to international levels. 
This fact generates a research gap in all 
sectors of the economy in search of 
diversifying the energy matrix. This document 
seeks to analyze and evaluate the feasibility of 
implementing a geothermal extraction park 
located on the slopes of the mountainous 
elevations present in the province of 
Chimborazo. Taking as reference the 
implementation of geo-industrial parks such as 
the case of: "Geo-industrial park with 
geothermal energy, case Chalpatán - Carchi" 
exposed by Andrés Lloret or the "Research in 
Baños de Cuenca", a study that was also 
presented at the World Geothermal Congress 
in 2021. All are based on studies on 
geodiversity at regional and international 
scales, carried out in past works. 
2. Methodology. 
In Ecuadorian territory during the last few 
years, projects have been implemented using 
alternative energy sources such as solar 
photovoltaic and wind energy, but there is still 
a general lack of knowledge about the use and 
implementation of projects based on 
geothermal energy, In Ecuadorian society, 
until this research was carried out, it has not 
been developed in a systematic way due to 
the lack of investment and research by both 
governmental entities and private companies. 
It is necessary to explore and deepen 
alternative energy sources that are eco-
friendly to generate a change in the national 

energy matrix, which is clearly dependent on 
fossil fuels such as oil. 
A non-experimental quantitative method was 
used for the research, a documentary 
literature review was carried out, based on the 
collection of information and data inherent to 
the proposed topic that are able to provide 
significant figures about the Ecuadorian 
energy matrix and its projection in the 
medium and long term, contextualizing it with 
the problems of the energy sector globally, 
focusing the data to the context of the 
Ecuadorian society in the search for a change 
in energy production policies and use of 
geothermal resources that are abundant 
throughout the Ecuadorian territory.  
The literature review is a process that is 
carried out for the justification of the research 
and thus expose the reasons that support it 
(Guirao-Goris, 2015, p. 2), for the elaboration 
of the bibliographic review we consulted 
specialized databases that can be accessed 
through articles and books related to the 
subject from websites such as SCIENCE, 
EBSCO, PROQUEST and SPRINGER and free use 
as REDALYC and SCIELO, with the purpose of 
contemplating updated data and information, 
filtering methods were used such as 
documents published from 2015 onwards, 
relevant information was sought about 
scientific development and cases that have 
materialized in nearby places and with 
geographical and environmental 
characteristics similar to the province of 
Chimborazo. 
3. Development. 
3.1. Description of Geothermal Energy, 

Operation, Benefits and Challenges in 
Ecuadorian Society. 

Geothermal energy is the heat produced 
inside the earth and transferred to the 
surface. In general, the most appropriate 
places for the use of this resource are in areas 
close to volcanoes; in several places in the 
world, they are even located on the slopes of 
these giants. This natural phenomenon 
responds to the fact that, in principle, there is 
a directly proportional relationship between 
the depth of the earth's crust and the heat; 
that is, the deeper the depth, the higher the 
temperature increases because as deeper 
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drillings are made, they progressively 
approach the planet's core (Marzolf, 2014, p. 
7). 
However, a phenomenon occurs in which the 
heat that is trapped in the center of the Earth 
many times rises aimlessly to the superficial 
proximity. In this sense, the theory of tectonic 
plates shows that, as an effect of the collision 
of these, one plate overlaps another through 
the process of subduction. Consequently, the 
plate that is embedded towards the center of 
the earth causes hot molten material or 
commonly known as magma or lava to rise 
along the volcanic uplifts. As the heat rises, it 
can be harnessed through the implementation 
of thermo-efficient systems in which thermal 
machines are used to take advantage of this 
resource that has been underestimated over 
the years and that little by little is generating 
followers towards the production of clean 
energies, which at the same time that are self-
sustainable will allow countries to leave 

behind their policies of overexploitation of 
fossil resources of great polluting impact.  
The physical principle that allows taking 
advantage of this resource for electricity 
generation occurs because there is a collision 
of geothermal fluids present in the layers of 
the crust with a source of latent heat 
emanating from the depths, as it rises heat is 
radiated in all directions, as a result, the 
temperature and pressure of the fluids begin a 
continuous process of gradual increase, When 
reaching certain limits and not being able to 
find a thermal equilibrium the best solution of 
the crust is to expel them to the surface, by 
collecting such heat emissions through the 
implementation of specific machines a cycle is 
created that will allow driving engines or 
turbines implicitly generating electricity, which 
can be a power source to implement self-
sustaining communities in the first instance to 
later extend its reach to the national 
interconnection network. (IzquierdoApolo, 
2022) 

 
Figure 1.Principle of Geothermal Energy Extraction. 

Note:Data inherent to the extraction process and the changes that occur at different depths during 
geothermal energy extraction are shown. 
3.2. Geothermal Energy in Ecuador 
In Ecuador, as in most countries worldwide, 
the use of fossil fuels, whose exploitation time 
is gradually decreasing, is being replaced. 
Currently, these fuels are used as a primary 
source for power generation, since it is 
expected that in the future this resource will 
begin to decrease in quantity and its price will 
increase in the following decades. To this end, 
during the first decade of the present century, 
Ecuador focused its efforts on the generation 
of hydroelectric energy located especially in 
the eastern zone of the Andes Mountains, that 

is to say, the great majority of these projects 
are located along the Sierra region. According 
to calculations estimated by the Ministry of 
the branch, it was expected that these 
facilities would be able to satisfy 93% of the 
energy required with an estimated production 
of 3770 to 6779 MW (megawatts), However, 
even today, many of these mega-projects are 
unfinished or do not generate the expected 
amount of energy, either due to the inability 
to produce or because of natural phenomena 
derived from the pollution that affect the 
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normal flow of the rainwater sources that feed 
the dams. 
For a country to be able to call itself 
energetically sovereign, it needs an efficient 
electric system that ensures an uninterrupted 
supply of electric energy, which may be 
compromised if the generation is based on 
inconsistent sources, in the national territory, 
despite the investment of U$D 4983 million US 
dollars in the construction of 8 hydroelectric 
projects, it is not enough to satisfy the 
demand of internal consumption. On the 
other hand, even though an electricity 
generation plant based on the transformation 
of geothermal energy can be considered a 
stable source for the generation and use of 
the resources available in the country, that is, 
it does not depend on climatic conditions; it is 
a technology that has not been analyzed in 
detail, much fewer projects have been 
launched that are capable of exploiting it in 
Ecuador (IzquierdoApolo, 2022). 
Ecuador is a territory in which its tectonic 
plates are forming the Pacific Ring of Fire, has 
constant volcanic activity, as evidenced in 
recent years by the eruptive processes of the 
Tungurahua, Sangay, and Cotopaxi volcanoes, 
in addition to the periodic activations of some 

minor volcanoes, therefore along the Inter-
Andean region there is a wide potential for 
clean energy generation based on the 
exploitation of geothermal sources. It is 
generally advised to consider temperature 
ranges with gradient values of 120ºC/Km 
located at a depth of 3 km from the surface 
(Peña Herrera, 2019). Along the inter-Andean 
alley, it is necessary to explore the various 
alternatives that are able to meet the 
necessary conditions, in addition to the area 
where you can see a large number of 
geothermal beds are located in the provinces 
of Tungurahua and Chimborazo, on the part of 
the new sectional administrations is required 
boost through economic incentives and 
provide facilities in order to be pioneers in the 
country and the continent towards energy 
self-sustainability, at the same time reducing 
the ecological footprint generated. As the 
years go by, the scope could be extended to 
more areas of Ecuador, progressively 
forgetting the nation's energy dependence on 
oil, a model that can be considered almost 
rudimentary since it has been in force 
throughout the territory since the 70s of 
previous century. 

 
Figure 2.Geothermal Sources in Ecuador. 

Note:The geothermal potential of the Ecuadorian territory is located at a depth of 3 km and its 
oscillating temperature ranges fluctuate between 105 to 142ºC/km. 
 
3.3. Geothermal Potential 
The major development of geothermal energy 
has occurred in the last three decades. Today 
the installed capacity in the world reaches 
13,454 MW. The United States and the 

Philippines are the countries with the largest 
installed capacity, about 3567 and 1868 MW 
(Richter, 2017). respectively.  However, the 
exploitable potential of geothermal energy in 
the world is much higher, since the study in 
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question has not considered the country that 
in the last decade has become the benchmark 
in geothermal energy production Iceland has 

worked from many geysers available in its 
territory. 

 
Figure 3. The potential of the world's main countries. 

Note:The consideration of the geothermal potential of each country is in units of power with respect 
to annual production. 
In the case of Latin America and the 
Caribbean, DIB published a detailed report on 
the geothermal potential of each country. In 
general terms, the region has a geothermal 
potential of between 11 and 55 GW. However, 
currently, only Mexico, Central America, the 
Caribbean, and Chile have operational 
generation plants with a total capacity of 1.7 
GW, a fraction of the region's potential.   
Specifically, in the case of Ecuador, the 
development of geothermal energy is aligned 
with the so-called transformation of the 
energy matrix, the first exploratory drilling has 
been carried out in some areas with potential, 
and the expectation is to have the first plant in 
a period of 5 to 10 years (Inter-American 
Development Bank, 2020). 
3.4. Geothermal Power Generation. 
For mines with high or medium enthalpy or 
temperature, two types of power generation 

systems are used: steam turbines or bionic 
cycle power plants. Currently, there are 3 
types of geothermal power plants: 
Dry Steam Installation: they use places where 
there are cracks in the ground to let dry steam 
rise. This steam turns a turbine connected to a 
generator to produce electricity.  
Flash Unit: Based on the same principle as 
above, but in this case, a separator is required 
because the steam is mixed with water and 
the latter is not used.  
Double Cycle Plant: It is used at medium 
temperature (100 to 150ºC). This system does 
not use steam or heat transfer fluid directly as 
in the previous systems, but the heat transfer 
fluid heats a secondary liquid with a lower 
boiling point, which allows it to evaporate at a 
lower pressure, turning the turbine. 
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Figure 4.Types of Conventional Geothermal Plants. 

Note:The geothermal potential of the Ecuadorian territory is located at a depth of 3 km, and its 
oscillating temperature ranges fluctuate between 105 to 142ºC/km. 
 
3.5. Advantages and Challenges of Geothermal Energy. 
Geothermal energy has properties that make it an excellent alternative to diversify and clean up the 
national electricity matrix. In addition, it is sustainable, renewable, and self-sufficient, capable of 
providing stable and reliable basic energy with low operating costs and a useful life of at least 50 
years. It is a versatile energy that effectively complements other discontinuous renewable energy 
sources such as the sun and wind. Although the efficiency of these plants depends on weather 
conditions (wind or sun), a geothermal power plant will produce a constant amount of energy 24 
hours a day. This means that geothermal energy offers a very high-power factor (up to 96 %) and 
provides a reliable primary energy source for decades. This feature is critical for public policy 
development as countries strive to provide reliable electricity services. 
In environmental terms, geothermal power plants are low impact, namely, they use very little surface 
land compared to other renewable energies. In addition, they generate low or zero CO2 emissions 
and noise, and can be harmoniously integrated into the landscape and communities (Espinoza, 2022). 
Although geothermal energy has some advantages over other sources of energy generation, it must 
overcome challenges to be an attractive resource for investment in development. On the one hand, 
the barriers to overcome are related to the relatively rare location of these resources; on the other 
hand, high risk and heavily invested in the exploration stage. 
 The development of a geothermal project consists of several phases.  The first, exploration or pre-
feasibility phase is aimed at confirming the existence of a geothermal reservoir suitable for electricity 
generation. If the result is positive, the second phase, the design, and feasibility of the project, 
begins. And finally, the construction and operation phase of the plant (Marzolf, 2014, p. 39). 
Legal and Political Framework: 

 Geothermal resources belong to the national state. It does not grant concessions for their use. It 
is the state's task to develop them. It does not involve private capital.  

 CELEC-EP oversees the development of geothermal resources with the support of INER (National 
Institute of Renewable Energies).  

 There is a political decision to advance in the 4 prospects by prioritization of the National 
Secretariat of Planning and Development (SENPLADES).  

 Regulation is scarce and incomplete.  

110



NeuroQuantology |January 2023 | Volume 21 | Issue 4| Page 104-117 | Doi: 10.48047/NQ.2023.21.4.NQ23012  
Fabian Vicente Medrano Allauca et al/ Obtaining Geothermal Energy (green energy), an environmentally friendly and self-sustainable 
energy source. A literature review for the feasibility of implementation in Ecuador 
 

eISSN1303-5150                                                                                                                                               www.neuroquantology.com                                                                                                                                                   

 

 The use of geothermal resources is contemplated and stipulated in several laws and regulations 
but at the level of declaration or desire.  

 The electricity sector legislation grants concessions without distinguishing between exploration 
and exploitation stages. 

A second option for the use of geothermal energy in Ecuador represents the direct use of medium 
and low enthalpy fluids in industrial processes that use hot water and the consequent substitution of 
petroleum derivatives, mainly diesel. In large and abundant portions of the central-northern part of 
the Inter-Andean Region of Ecuador, there is a high probability of finding important anomalies in the 
terrestrial heat flow and, consequently, anomalous geothermal gradients. Under these conditions, 
the existence of hot water accumulations at significant levels is highly favored. 
3.6. Geothermal Energy Process and Treatment. 
It is done through a steam turbine which is an actuator for the rotor of an electric generator, at the 
time of reaching the steam turbine this reaches the condenser making this steam is converted into 
water and returned it to the geothermal source.  
Geothermal energy uses steam to give impulse and work to the steam turbine, which can be wet or 
dry steam directly from the reservoir that we have, in the same way, it can be produced artificially 
from hot and dry rocks, and these are called advanced geothermal systems. 
At other times to obtain this energy with low fluid temperatures, the steam is obtained directly by 
heating the working fluid with a boiling point lower than the boiling point of water, then the steam 
turbine when connected to the electric generator will convert the movement into electrical energy. 
 

Table 1.Types of energy according to the temperature of your material 

Type Temperature Use 

High temperature Top to 150°C Generate electricity 
Medium temperature From 100 a 150°C Generate 

electricityandIndustrial 
thermal utilization 

Low temperature From 30 to 100°C Thermal utilization in 
industry, heatingand ACS 

Too low temperature Low to 30°C Heatin, cooling, and ACS 
through heat pumps 

 
Table 2.Geothermal and natural steam to electric power 

 Geothermal Natural Steam 

Costof installation High cost Low cost 

Electricity or gas consumption Minimal consumption Average consumption 

Efficiency 1kW incoming energy = 6 kW 
heat 

1kW incoming energy=0,8kW 
heat 

Amortization More years Less years 

Maintenance Less maintenance More maintenance 

Useful life Longer useful life Shorter useful life 

Pollution Never Low 

 
Economic Assessment  
The commercial viability of geothermal energy 
production is influenced by investment costs 
(exploration, drilling, plant construction), 
operation and maintenance costs, power and 
energy generated, and the average price of 
electricity. 
Geothermal power plant costs 

The investment cost would be the exploration 
and drilling stage, while the generation cost 
would address operation and maintenance. 
The investment (in kW) installed for a 
geothermal power plant decreases in relation 
to the capacity of the plant, being able to 
meet the following equation: 
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𝑖𝑛𝑣𝑒𝑟𝑡𝑖𝑜𝑛𝑐𝑜𝑠𝑡 = 2500𝑒−0.0025(𝑃−5) 
 P capacity provided [MW] 
The investment costs of geothermal power 
plants are very specific depending on each site 
since the depth and individual characteristics 
of the geothermal source have a considerable 
impact on the final project costs (Boston 
Strategies International., 2016, p. 76).  

It can be considered as a first cost indicator, 
the unit cost of investment ($/kW) where the 
manufacture of the equipment required in a 
geothermal power plant represents 51% of the 
total costs, followed by the project planning 
phase with 40%, and 9% for the construction 
of the plant. 

 
Figure 5. Geothermal Investment Costs. 

 
The equipment manufacturing cost analysis 
was carried out for a Flash plant, which is 
more widely used than the binary plant since 
its installation time and effectiveness in 

performance are like the ideal, which is why it 
is the most widely used in areas where 
geothermal energy is currently extracted. 

 

 
Figure 6.Cost breakdown of geothermal plant equipment. 

 
Costs of a Geothermal Power Plant  
The costs of a geothermal power plant are 
influenced by the following parameters that 
must be considered variable depending on the 
area and the values that are handled in the 

market at the moment of the acquisition since 
they are subject to the variations of the 
commercial environment such as supply and 
demand: 
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Table 3.Cost drivers in a geothermal system. 

Factors Determinates Cost 
R

es
o

u
rc

es
 

an
d

 
th

ei
r 

ch
ar

ac
te

ri
st

ic
s.

 Depth Well-producers and injectors Drilling cost 

Flow rate/temperature 
Power to be installed. 

A number of wells are to be 
developed. 

Drilling cost 

Chemical composition of 
the fluid. 

Equipment for preparation У 
conditioning of the fluid. 

Operating cost. 

Th
e 

la
yo

u
t 

o
f 

th
e 

p
la

n
t.

 

Distance between the 
location of the resource 
and the center of 
consumption. 

 
Pipelines, valves 

Electromechanical 
equipment cost. 
Cost of operation and 
maintenance. 

 Lines of financing. Project profitability. 

 
As can be seen in the table above there are 
several factors that must be considered when 
installing a geothermal power plant, which can 
determine the functionality and operability of 
the equipment installed, in the province of 
Chimborazo must also consider the materials 
to be used considering that environmental 
factors will be susceptible to moisture and 
should increase the investment to prevent rust 
and corrosion that can deteriorate the 
equipment causing irreparable damage to the 
structure, In addition, a safe location should 
be implemented, distancing it so that the 
surrounding soil cannot affect it because there 

are places where soil stability has been lost 
due to erosion and deforestation that has 
occurred in Chimborazo because of the 
growing strength of urban horizontal growth, 
the same phenomenon that implies the need 
to increase the amount of energy needed to 
meet the demand of citizens. 
Thus (Lara, 2011) mentions that for the 
implementation of a geothermal power plant, 
whose power could generate a maximum 
capacity of 30 MW to be installed 
inChachimbiro, the installed equipment and 
their respective values are as follows: 

 
Table 4.Cost of equipment to be installed in the Chachimbiro geothermal area. 

Quantity Equipment Cost USD 

1 
1 
1 
1 

Wellhead control valve  
Atmospheric gas control valve 
Silencer 
Cyclone separator 

2,551 
2,151 
1,144,565 
1,556,520 

1 
1 

Humidity valve 
Humidity remover 

1,820 
1,120,596 

1 Control valve upstream of the turbine 3,250 

1 Stop valve upstream of the turbine 3,420 

2 Turbines 7,491,784 

2 
1 

Capacitor 
Cooling system 

3,889,130 
4,200,893 

2 
2 

Condensation pump ando cooling pump 
Generator 

1,676,800 
12,500,000 

2 
 
 
2 

Transformer 
Pipe fittings 
Accessories for other elements 
Condenser ejector for gas extraction 

2,780,563 
385,000 
702,445 
2,127,717 

 Total electro-mechanical equipment 39,589,205 
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Source:Lara, 2011. 
In addition, it also indicates the total investment cost (by phases) of the flash geothermal power plant 
in the Chachimbiro area. 

Table 5.Cost of the analysis of pre-installation factors in the Chachimbiro geothermal area. 

PHASE COST 
USD 

COST 
USD/KW 

RANGE 
USD/kW 

PERCENTAGE 
% 

Exploration   

Geothermal Studies 
Analysis and exploratory 
drilling 
Confirmation (4 wells) 
Environmental permit 

750,000 
3,477,000 
4,500,000 
120,000 

25 
115,9 
150 
4 

25-30 
90-140 
100-200 
4-5 

 
11,61 

Total    exploration     cost 8,847,000 294,9   

Drilling   

Drilling of producing wells 
Reservoir evaluation (Well 
testing) 

19,315,692 
386,313 
 

643,86 
12,88 

500-1000 
12-15 

 
25,85 

Total       perforation  
cost 

19,702,005 656,73   

Equipment  
electromechanical  

`  

Electrical equipment and 
miscellaneous costs 
Piping system 

44,674,205 
3,000,000 

1489,14 
100,00 

1100-2000 
55-400 

62,55 

Total      equipment    cost 47,674,205 1589,14   

TOTAL 76,223,210 2540,77  100 

Source:Lara, 2011. 
 
Annual Energy Generated 
We have that the net power generated is 
30MW, in addition, it is known that 
geothermal power plants with high plant 
factors (90%) therefore the energy generated 
is: 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑
= 30000 𝑘𝑊 ∗ 8760ℎ ∗ 0.9
= 236.52 𝐺𝑊ℎ 

Revenues from the sale of electric energy 
must be injected into the distribution system, 
to obtain an anal income, from the moment 
the plant begins to operate until the end of its 
useful life. The following formula is used to 
determine the income from the sale of energy: 

𝐼𝑣𝑒(𝑛) = 𝐸(𝑛) ∗ 𝑝𝑚(𝑛) 
𝐼𝑣𝑒(𝑛): Revenues from sale energy in a year n. 
𝐸(𝑛): Energysaled along the year n. 
𝑝𝑚(𝑛): Price of sale the energy. 
The formula is applied knowing that according 
to CONELEC the tariff for geothermal energy is 

13.21 to 14.56 cents/ kWh for continental and 
insular territories respectively. 
3.7. Geothermal Energy in the Province of 
Chimborazo  
A potential option that can be taken 
advantage of in the province of Chimborazo is 
through the energy produced in several of the 
giants that surround it such as the volcanoes 
of Chimborazo, Altar, and Tungurahua, 
although the last one is located in the province 
of Tungurahua, One of its slopes flows into the 
Penipe canton and therefore is located on the 
border of the province, from the activities 
generated in the depths of these can be found 
high reserves of geothermal energy, as a 
sample of the above mentioned are located 
several hot springs in the surrounding areas. 
After locating each and every one of the 
thermal springs, from the previous studies 
carried out, it has been possible to determine 
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the heat capacity of each one from the 
analysis of the temperatures, which will allow 

determining the capacity to produce 
geothermal energy. 

Table6.Thermal Springs in Chimborazo. 

Name Place Geothermal potential 

CachiHuaico Punín Low temperature 

El Batán Cubijíes Low temperature 

Vertientes Cubijíes Low temperature 

Vertiente Matús Low temperature 

QuilluYacu Alausí No exist  

Vertiente Guanando No exist 

Vertiente Pachacsi-Tixán Low temperature 

Source: Carrasco Tustón y Naula Erazo, 2012. 
Based on the above, to produce geothermal energy in the province of Chimborazo, other sources 
should be analyzed, or extraction stations should be used directly on the slopes of the existing high 
mountainous elevations. 
4. Discussion 
The planet Earth is not an inert and cold body 
lost in space and dragged passively by the 
gravitational force of the sun. From the 
energetic point of view, it constitutes an active 
system that receives and communicates 
energy to the surrounding environment and 
heat is a part of that energy. All the 
geodynamic processes that occur on the Earth, 
from surface processes to volcanoes, 
intrusions, earthquakes, the formation of 
mountain ranges, and metamorphism are 
controlled by the transfer and generation of 
heat in its interior. Heat is also the driver of 
plate tectonics, which involves the lithosphere 
and asthenosphere, and of other or deeper 
processes, such as convection movements 
between the mantle and the outer core. 
Geothermal energy is a renewable, 
sustainable, clean, and safe resource that 
allows the generation of electricity in a 
continuous and reliable way, which saves on 
the use of fossil fuels and thus contributes to 
diversifying energy sources. Geothermal 
power generation has a much higher capacity 
factor (annual hours of operation compared to 
the total possible) than other renewable 
energies (e.g., solar or wind, which has strong 
seasonal or hourly dependencies). Geo 
thermoelectric plants can operate 
continuously 24 hours a day and 365 days a 
year, except for necessary shutdowns during 
which each and every part of the equipment is 
maintained. 
In the province of Chimborazo, several 
previous investigations show that the sources 

that have been analyzed and studied have a 
very low potential in terms of energy released 
from geothermal resources, however in none 
of the cases drilling has been considered as an 
alternative for the extraction of geothermal 
energy, for which we must analyze the points 
considered of greater presence of this energy, 
we can take as reference the volcanoes that 
have been active recently because their 
energy potential is still latent to the maximum 
of its capacity. 
 However, in order to continue exploring clean 
energy alternatives, it is necessary to reform 
the current legal framework in Ecuadorian 
territory, encouraging investment in clean 
technology resources, since there is an 
absolute dependence on fossil resources such 
as oil, since the energy matrix expresses the 
results of the National Energy Balance, as well 
as the need for government entities to invest 
in exploration and the creation of basic 
thermoelectric plants that in the first instance 
can supply energy to the surrounding houses, 
always having the option of expanding its 
scope to be able to supply power that is 
annexed to the national electrical system, 
besides that scientific research in this field is 
still taking its first steps, and sometimes it is 
restricted due largely to the lack of support 
and at the same time because they do not 
have the necessary resources to explore this 
form of obtaining a clean energy, whose 
emission rate is close to zero, being a 
renewable, self-sustaining and clean source. 
5. Conclusions 
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Geothermal energy has great potential as a 
renewable and stable source of energy both 
globally and locally, being the regions near the 
Pacific Ring of Fire are particularly suitable for 
these purposes. Unfortunately, this energy 
source has not been sufficiently studied and 
only in recent years has it been given sufficient 
importance, and even then there are few 
countries that have decided to bet on this 
energy source. 
Ecuador has throughout its territory a 
constant volcanic activity, especially in the 
Tungurahua, Sangay, and Cotopaxi volcanoes. 
And since Chimborazo is a province relatively 
close to these volcanoes, it is expected to also 
present a good potential for the development 
of geothermal projects with a lower 
probability that these projects will be 
damaged in the event of a volcanic eruption, 
as could occur in the case of construction on 
the slopes of the volcanoes. 
Chimborazo, having a potential for low-
temperature sources in almost all its territory, 
is not feasible for the construction of large 
projects for electricity generation as it can be 
in other regions of the country, however, this 
does not mean that smaller scale projects or 
the implementation of geothermal extractors 
for industrial use are not feasible. Although to 
even think about any possible project it will be 
necessary reform to the law since at present 
the only one with the power to exploit it is the 
state itself, which does not show much 
interest in its development. 
One of the biggest, if not the biggest problem 
and at the same time the biggest obstacle to 
the implementation of geothermal wells in 
Ecuador are the laws of the country regarding 
its energy resources since with a great 
possibility due to the corruption scandals that 
occurred during the construction of 
hydroelectric megaprojects, the possibility of 
resorting to the private sector for the 
development of any project has been 
categorically denied, without distinguishing 
whether it is in the exploration or exploitation 
stage. In addition to this, all legislation on the 
subject is scarce and incomplete and is 
stipulated at a declaration level. 
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