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Abstract.

The use of renewable energy has been very important in recent decades for conserving nature,
conserving its natural resources, and reducing environmental impacts. According to the ONU in
2019, greenhouse gases increased from 123% to 147% in the atmosphere, so one of the best
alternatives that will help preserve our nature is geothermal energy, helping not only to take care
of the environment but also to generate electricity, since in several countries the main problem
is the lack of electricity, because it is essential for our daily tasks. This article presents it as a
natural resource of our ecosystem that must be used to the maximum for electricity generation.
For this, we will announce the most suitable places, for an optimal design. It will show different
places in Peru that have the features, where you can implement a geothermal system. Tacna is
the most relevant place with a lot of geothermal energy, and this was the place chosen for the
geothermal system. It is therefore essential to exploit energy that is not exhausted, thereby
increasing the use of new clean energy sources.
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1. Introduction

The new alternatives offer a solution to the problem of the lack of electricity, such as geothermal
energy (Sera, 2015). The global landscape of geothermal energy has the concept that it is a heat
pump, in 76 countries of the world have the basic resources to enjoy this energy, which brings
savings of approximately 300 million barrels of oil (Sanchez et al., 2011).

Geothermal energy is very beneficial because it takes advantage of the heat that radiates from the
center of the earth, we can also define it as quantifiable energy (Gil, 2019). This clean alternative
is not only environmentally positive but also viable in the field of the economy and is favored in
the energy matrix of each country, it is also self-sufficient in the high costs of energy materials
(Brunl, 2014).

In the unique case of the power generation plant from geothermal energy, it has several
advantages, among them: independence, relatively inexhaustible, emits the least pollution
emission, does not depend on the hydrocarbon market, and contributes to the development of
areas remote (Vega, 2013). If we talk about geothermal power plant designs, we need the heat
reservoir, reservoir, and fluid, these elements are the most essential for the formation of a system,
it also involves the enthalpy of the heat source, according to this is taken from the appropriate
design, the value of this fluctuates between 150 to 225 ° C approximately (Dickson & Fanelli,
2004).

In Peru, it is desired that this primary resource be developed in the best possible way for the
generation of electricity, as well as other purposes of the use of heat. (Pulido, 2017) It must begin
with an expedition that will be developed in medium to long-term terms in the energy
diversification strategy (Bjork et al., 2014).

This energy has not yet been studied in Peru, but there are some studies in Latin America, for the
Inter-American Development Bank, this energy is important for which measures have been taken
for the process of these investigations, in the last 3 years the Senior management created the
Special Group for Mining, Geothermal, and Hydrocarbons, where projects on geothermal energy
have been developed and supervised among 15 Latin American countries (OSINERGMIN, 2016).

The problems identified are related to the adequate design for the generation of electrical energy,
for which an analysis of the Peruvian territory is needed to consider the possible areas where a
large amount of heat is found. (Supervisory Agency for Investment in Energy and Mining -
OSINERGMIN, 2017) Volcanoes, geysers, and hot springs are considered the main sources that
can be used as geothermal energy, and to be exploited and generate electricity, the types are taken
into account. of geometric designs appropriate to the amount of temperature and territorial area.
(Pous & Jutglar, 2004)



In our work we intend to propose the proper design of a geothermal system to generate electricity,
considering the geothermal areas of Peru. This research provides us with new technological
knowledge for a later project to implement this system because this research is technological, and
this would also generate benefits for the closest population.

2. Theoretical Framework

Peru has always been supplied throughout its territory with hydroelectric, natural gas, and thermal
sources, this makes it diverse in terms of electrical energy, and this also leads to problems with
these same sources for their production and generation in the future. For this reason, geothermal
energy allows options to be part of these energy pillars, this energy is clean, renewable, and
sustainable (Figueroa, 2015). Our country is covered with resources and geothermal materials that
can be used, which average between 2,500 and 3,000 MW, making it clear that Peru is one of the
Latin American countries with geothermal energy possibilities (Adams et al., 2021). Some
companies take advantage of the energy for the last 10 years together with the support of the
Peruvian government, in 2012 a geothermal energy plan was launched, To be better known in the
Peruvian energy industry, this plan is still being continued so that this sustainable and
environmental option is notable. It is expected that in the following years geothermal energy will
be one of the most sought-after alternatives, although this is seen affected by the difficulties on
the part of the population and the regulations of our country, as well as with the design of
infrastructure and its management, added to this is the lack of interest in the studies of this subject
(Munoz et al., 2014).

Also, in the Organic Law of Geothermal Resources - Law N0.26848 that was promulgated in July
1997 and April 2010 its respective regulations were approved. This law and its regulations are
part of the framework for the promotion of geothermal development in the private sector. In 2012,
the holders of authorizations paid a small amount established in article 62 of SUPREME
DECREE 019-2010-EM.(The Republic of Peru, 1997) In addition, according to Article 17, it is
stipulated that if the holders of the authorization do not carry out their established activities the
guarantee of 5% of the budget for phase Il of the exploration period shall be forfeited. Unlike
phase | of the exploration period, there is no penalty, even if the authorization holders do not
comply with the programmed activities (Palacio-Villa et al., 2020). Therefore, when incumbents
consider not viable from the economic sector, they may consider studying the fields, but still
having geothermal rights, for this purpose, the MEM has the function of supervising the scanning
tasks in case they are being developed or not (Lorente, 2020).

According to Franklin Acevedo, manager of the company specializing in geothermal energy EDC
Peru "Peru has a geothermal potential of more than 3,000 MW, which is equivalent to 50% of the
electricity produced today throughout the country, thanks to our strategic location on the Belt of
Fire of the Pacific”.(Acevedo, 2020) Brings with it different benefits to several Peruvians such
as:

= Ensures sustainable supply, since geothermal energy is clean energy, since it is generated
in a closed cycle and sustainable in production
= A geothermal reservoir can be inexhaustible if it is managed efficiently.



= The heat of the earth is 24 hours a day, so the supply of electricity is guaranteed 365 days
ayear.

Increase the productivity of renewable energies throughout the country.

Alternative to saving fuel and natural gas.

Contribute to the supply of electricity in Peru.

Elimination of greenhouse gases, produced in thermal plants.

= Generation of jobs throughout the project and production.

In the research study of Laguna Monroy in 2012, it was sought to increase the development and
research of the different alternative energies and with them to be able to gradually reduce the
dependence that exists in the companies with fossil fuels in the medium term of the federal district
of Mexico, for these 3 well-known methods were carried out: NOx only from solar turbines, Rolls-
Royce dry low emissions and the dry low NOXx process. For the analysis, different plants of
different designs had to be evaluated, each one in the same period to see which method is the most
indicated in this investigation, reaching the result that the flash cycle plant has a great energy
efficiency unlike the other two methodologies, It also has operational reliability and low emission
levels along with minimum costs, this shows us that it can help the environment and take care of
the country's economy, so its construction is much faster and also favors its use in the current
reform process of the electricity sector in Mexico (Lagoon, 2002).

According to Eduardo Parancan, geothermal energy has different advantages for being a
renewable energy source since unlike other energies it gives us significant benefits such as:

= Environment friendly.

= Reliable energy Indigenous energy.

= To acertain extent, economically viable.

= Multiple uses of heat (Eduardo et al., 2016).

2.1.  TIPES OF GEOTHERMAL FIELDS
High-temperature deposits: They are found at more than 150 °C, mainly in areas with

a very high geothermal gradient of up to 30 °C per 100 m. These always coincide with
geological phenomena since in this place there are volcanoes and geysers, they are
produced by the movements of the masses of molten rocks that we mostly know as magma
and by the displacement of the lithospheric plates, these usually move very slowly at year
between 1 to 20 cm, and it is in these areas where the magma can escape and rise, starting
the volcanoes. Most high-temperature deposits have three basic geological conditions:
heat source; aquifers and impermeable layer (BULNES JIMENEZ, 2018).

Medium temperature deposits: They are found between 90 to 150 °C at depths between
2,000 and 4,000 m, mainly in areas considered lithospheric thinning, these areas have a
high concentration of radioactive isotopes. (Navarra, 2018) These deposits are found
mainly in points with water sources that they can easily return to the surfaces, we can see
them in the hot springs. Like high-temperature deposits, they have a magmatic intrusion
from an aquifer as their heat source, but they do not have intermediate layers (Garcia de
la Noceda, 2008).



2.2.

Low-temperature deposits: They are found mostly between 30 and 90 °C, mainly in
sedimentary basins, and have a depth that is considered adequate between 1,500 and 2,500
m. The fluids circulate easily, in addition to not containing a large amount of heat, so they
can be extracted. The geological gradient must be normal since it will be between 3 °C
every 100 m and at an approximate depth of 2000 m, the temperature of these gradients
can reach up to 70 °C or more (Llopis & Rodrigo, 2008).

Very low-temperature deposits: They are found practically in the earth's crust at a
temperature of 30 °C or less. These deposits are always interrupted by large masses of
water, whether continental or marine. This energy is mainly used for individual homes or
buildings with geothermal heat pumps. At the ground surface the heat changes constantly
with temperature variations, this can be observed down to a depth of 0.5 m. A depth of
10 m is where the subsoil can store heat, at a depth of 15 m the temperature will be
constant throughout the year, but rarely this temperature can vary, and at a depth of 20 m
the temperature increases 3 ° C every 100 m. (Gudni, 2004).

EXPLOTATION TECHNOLOGIES
Geothermal resources of the high, medium, or low thermal magnitude determine their

possibilities of use, depending on the technology available at any given time. However,
there are two main types of applications o purposes:

= Resources of high and medium thermal magnitude or enthalpy.
= Resources of low and very low thermal magnitude or enthalpy.
The technologies worked on in each situation change depending on the resource model

used, its interior, and the use to be made available, for which we have the following
resources:

Dry steam resource: It is the known dominant vapor system, those that have no liquid
phase or are very rare. The geyser in California and La Darello in Italy are examples of
high-temperature hydrothermal systems, where the rocks are more saturated by liquid
vapor. This system does not need steam, it must be separated from the water and they are
the least frequent (Rivera Delgado et al., 2021).

Wet Steam Resource: This is for high thermal magnitudes, related to hydrothermal water
systems at high temperatures, to generate steam that can be used firsthand for electricity.
In these systems, the flow is liquid which then changes to vapor (Rivera Delgado et al.,
2021).

Moderate enthalpy resources: They are systems that generate fluids that are not
transformed into a solution of steam and liquid, but despite these difficulties, this system
is not enough to produce enough steam for their exploitation (Brender, 2018).



2.3.

3.

TYPES OF PLANTS FOR ENERGY PRODUCTION
Dry steam plant: These plants are in operation to provide more services. It has a 100-

year history, and longer than any other dry steam geothermal resource technology, the
fluid reaches the surface and cracks the ground. In a saturated or slightly superheated state
(dry steam), it goes directly into the power generation of the turbines (Fernandez
Menéndez et al., 2020).

Flash plant: It is suitable for the use of energy with high energy values since it deals with
the mixture of water vapor and salt, it is usually used when the temperature value ranges
between 180 to 240 °C. The liquid that reaches the top is a combination of vapor-liquid
at a directly proportional pressure of the well and the level of temperature congestion, so
it is necessary to separate both stages, for this process it must be treated by separators and
using a turbine gives us electrical energy. (Valenzuela Fuentes & Valenzuela Fuentes,
2011)

Binary cycle plant: The binary cycle plant aims to extract energy from different medium
temperature deposits, in a range of 100 and 150 °C, and from geothermal resources with
high salinity. This plant is based on avoiding the direct use of thermal fluid since it mainly
uses a secondary fluid. When the geothermal fluid has an enthalpy greater than 200
kcal/kg, water can be used as secondary fluid, but if it has a lower enthalpy, it is
considered a medium temperature reservoir, in which it will be used as a secondary fluid
that has a better thermodynamic behavior, this refers to a low boiling point and high vapor
pressure at high temperatures (de Almeida Tonus et al., 2022).

Results

To make a geothermal system, you must choose the right place where there are geothermal
reservoirs that meet geophysical and geological conditions, so that your resource can be used.
Around the world, different thermal energy sources are already being used, such as in Italy, New
Zealand, and the United States.



Figure 1.Geothermal energy (Paucara,2012)
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Source: Sources with the largest geothermal energy worldwide.

At the national level, geothermal energy sources are found mainly in the center and south of Peru.
Where we can see that the area with potential for geothermal energy is in the south, with Tacna
being the region with the most geothermal potential in the entire country.



Figure 11.Map of geothermal regions of Peru Peri (INGEMMET, 2018)
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Figure 11. Map of geothermal departments (Pauccara et al., 2021)

80w TEDW TE'OW TAD'W T2U0W TOW

K

2°0'%

4°0'S

E'0'S

s

Ueagali

10°0°S

12°0'
N

14°0'S

Leyenda
Potencial Geotérmico (MWe)
5-10
1n-20
21 -40

16°0°E

21 - B0
61 - 80

@ om0
@ i1 a

a0"n'wW TEOW TE'OW TADW TIU0W TOW

@O0 e e

18°0'S

Source: Sources with greater geothermal energy at the departmental level.

For energy development, 61 fields were evaluated throughout the Peruvian territory, where the
temperature of hot water and the chemical composition was analyzed, for this the potential of the
resources, the relationship with protected areas, and the concession of resources are shown in the
following table. exploration rights.



Table 1. Summary of the geothermal potential of Peru for electricity generation.

Resource Potential
Geothermal . . (MWe) No. of
Region NO. Region Field Name Sectors
g Promising | Other
Fields fields
1 Tumbes Tumbes 15 2
Northern Peru| 2 Amazon El Almendral 10 2
3 San Martin Pirurohuasi 58 6
) Loretto Contamana 48 3
Cajamarca- | 5 Cajamarca Quilcate 70 7
Liberty
6 Cajamarca- Freedom Huaranchal 54 5
7 Ancash- The Freedom Tablachaca 29 5
Huaylas Alley
8 Ancash Chancos 15.3 21 3
9 Huanuco- Ancash Azulmina 53 5
10 Lime Conoc 21 3
Churin
11 Pasco Tambochaca 24 2
12 Lime Oyon 45 5
Center 13 June Yauli 7 1
14 Huancavelica Coris 10 1
15 Cuzco- Apurimac Cconoc 9 2
Volcanic Axis| 16 Apurimac Pincahuacho 25 2
17 Ayacucho Puquio 343 10 1
18 Arequipa Cailloma 9.1 26 2




19 Arequipa Chivay 162.9 136 9
20 Moquegua Calacoa-Putina | 108.2 45 4
21 Moguegua Ccollo/Titire 39.7 27 3
22 Moquegua- Tacna Crucero 79.4 3 1
23 Tacna Tutupaca 113.8 29 5
24 Tacna Calientes 100 0 0
25 Tacha Ancocollo 98.2 55 4
6 Tacna Borateras 40 31 3
27 Tacna Chungara- 84 17 3
Kallapuma
28 Cuzco Machu-Picchu 49 6
29 Puno Pasanoccollo 65 6
Cusco-Puno
30 Puno Pinaya 36.8 27 2
31 Moquegua Jesus Maria 17.3 17 2
TOTAL 939 1036
105
GRAND TOTAL 1975

Source: The authors systhesis from Vega, 2013




Table 1I. Summary of classification by priorities for the development of geothermal fields in

Peru
Potential (MWe) Possible
Region | Field Name |hot springs Capacity developmen
. to Protected area t
Promisin Other .
. . Total | Develop importance
g Fields Fields
(MWe)
Ancash Chancos 72 15,3 21 36,3 5 D-1
Ayacucho Puquio 80 34,3 10 443 30
Cailloma 58 9,1 26 35,1 5
Arequipa .
Chivay 03 172,9 136 |29 150 B
Pinchollo 9
Ulucan 80 27,4 0 27,4 25 B
Calacoa- 01 108,2 5 |3 100
Putina 2
Mogquegua
Ccollo/Titire 83 39,7 27 66,7 35 B
Jesus Maria 52 17,3 17 34,3 10 D-1
Moguegua - cero 73 79,4 3 824| 70 -
Tacna
Tutupaca 86 113,8 29 112’ 105
Calientes 90 100 0 100 100 Regional conservation area -
153, . .
Tacna Ancocollo 87 98,2 55 ) 90 Regional conservation area B
Borateras 87 40 31 71 50 Regional conservation area -
Chungara - 85 84 17 101 75 Historic sanctuary -
Kallapuma
Puno Pinaya 83 36,8 27 63,8 35

Source: The authors systhesis from Vega, 2013.

Table I11. Qualification and evaluation criteria for prioritization in development



Topog

be allowed.

Exploration | raph
. o Resource P o Py Protected
Priority Description . Authorizatio | and
Potential areas
n Acces
S
Priority| A short time development is expected (developments ) Does not
. High Approved .
A would be even without government support) exist
geothermal There
potential It has been is no
e . expected : major | Does not
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. . -xistence of
carefully evaluated. If the impact can be avoided or
Others .. - - - protected
adequately mitigated, geothermal development should areas

For the evaluation of priorities, the development plans applied to potential fields previously

Source: The authors systhesis from Vega, 2013.

selected by the master plan were observed in detail.

Plans for the Development of Promising Fields: 13 geothermal fields with high potential
were chosen and investigated under various conditions for energy development. The

development scale and specifications for energy development are displayed in the

following table.




Table 1V. Main specifications for the possible development of electricity generation in
geothermal fields

Resource Possible Numbers Numbers of
Field Name Potential P80 deve_lopment Units prod(:(::tion reinjection
(MWe) capacity (MWe) wells wells

Chungara-Kallapuma 84 75 25MW x 3 19 9
Ancocollo 98,2 90 30MW x 3 18 9
Tutupaca 113,8 105 35MW x 3 15 9
Crucero 79,4 70 35MW x 2 13 7
Pinaya 36,8 35 35MW x 1 13 6
Calacoa-Putina 108,2 100 25MW x 4 25 13
Ulucan 274 25 25MW x 1 5 4
Jesus Maria 17,3 10 1I0MW x 1 7 3
Ccollo/Titire 39,7 35 35MW x 1 10 5
Cailloma 9,1 5 5MW x 1 5 2
Chivay-Pinchollo 162,9 150 25MW x 6 22 13
Puquio 34,3 30 30MW x 1 12 5
Chancos 15,3 5 5MW x 1 5 2
TOTAL 826,4 735 - - -

Source: The authors systhesis from Vega, 2013.

According to table N°5, the priority is where the 5 chosen fields are located where the exploitation
right authorization is granted.




Tabla V: Resultado del desarrollo de evaluacion de prioridades. (Vega, 2013)

Priority Description geothermal field |Possible Power (Mw) | Total (Mw)
Tutupaca 105
Priorit A short time development is expected Crucero 70
A y (developments would be even without
government Support) Calacoa-Putina 100 340
Pinaya 35
Puquio 30
Chivay Pinchollo 150
Priorit Next in importance to those of priority
B YA (only authorization for explorationis | ~ Ancocollo 90
expected) 300
Ccollo/Titire 35
Ulucan 25
Cailloma 5
Priorit Development is expected more or less
c Y| in the short term, but the potential of | Huancarhuas (30)
the resource is yet to be confirmed. (60)
Paila del Diablo (15)
Pararca (10)
The potential of the resource is yet to 17 courses
Priority | be confirmed (however, based on (including ) Unknown
D-1 |existing information, a high potential is [Chancos and Jesus
expected) Maria)
The potential of the resource is yet to
Priority pe _comflrmed (however', based on' 24 fields ) Unknown
D-2 existing information, a high potential
awaits us)
The environmental impact of these 7 cours_es
. (including
projects must be carefully evaluated. If
. . Borateras,
Others the impact can be avoided or . - Unknown
. Calientes and
adequately mitigated, geothermal Chunaara-
development should be allowed. g
Kallapuma)

Source: Master Plan for the development of geothermal energy in Peru.




According to the geothermal energy master plan carried out by INGEMMET, the Tacna region
has five main sources with great geothermal potential, which are: Tutupaca, Calientes, Ancocollo,
Chungaréa-Kallapuma and Borateras.

Figure IV. Geothermal map of the department of Tacna (INGEMMET, 2018)
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Source: Specific places with the greatest source of geothermal energy in the department of
Tacna.

According to the INGEMMET map, the areas of Calientes, Borateras, and Chungara have a high
geothermal temperature (above 240 °C), and that is why it is not considered geothermal system,
unlike the areas of Tutupaca and Ancocollo, which they are found in the appropriate temperature
ranges for the generation of electrical energy (180-240°C).

The area with the greatest geothermal potential to be developed is Tutupaca since this area can
reach 105 MWe, unlike other areas such as Ancocollo with an energy potential of 90 MWe.
Therefore, the appropriate place for the geothermal system in Peru is the area of Tutupaca in the
department of Tacna, this is evaluated by the geothermal temperature and the energy potential to
be reached.

The geothermal area of Tutupaca is located in the western Andes mountain range in the
department of Tacna, between 4,000 and 4,500 meters above sea level. The Tutupaca volcano is
located in this area and is surrounded by the east by the Callazas River and to the west by the



Tacalaya River. Itis located in a high Andean zone, for which its climate is cold, and rocky terrain
with scarce flora predominates.

In Tutupaca, 36 geothermal manifestations were inventoried, where three main sectors stand out:
La Pampa de Turun Turun; the Tacalaya river and the Azufre Grande and Azufre Chico streams.
According to Fournier's silica-enthalpy diagram (1977), different temperatures were calculated in

the Tutupaca area, reaching 233°C.

Figure V. Hydro geochemical model of the Tutupaca geothermal zone (INGEMMET, 2014).
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According to Figure N°5. of the Tutupaca area, the best geothermal manifestation for the project
is in the Callazas River area, since it is located in a maximum area of the geothermal reservoir,
with a temperature of up to 185°C and with a flow of hot water. To determine the type of
geothermal system capable of generating electrical energy, we must consider the characteristics
of our chosen location. The three most used geothermal systems are:

= Dry steam system: It is considered the simplest, so it uses lower temperatures below 100

°C.
= Binary cycle system: This system is a bit more complex since the temperature is in the

range of 100 to 150 ° C.
= Flash steam system: It is the most suitable for the use of energy with high energy values

and its temperature ranges between 180 and 240 °C.

For the chosen area of Tutupaca, the appropriate geothermal system is flash steam because it
meets the temperature conditions (180-240 °C) for the generation of electrical energy



3.1. GEOTERMAL SYSTEM CONTROL
In the geothermal system, a well should be 1000 to 3000 meters deep and lined with special pipes

and cement, which will join the cyclonic separator (water and steam separator). The steam that is
extracted from the cyclonic division is transported by a network of pipes called haulage that
reaches the collector that covers 6 pipes for each collector, from there it leads to a moisture
separator whose function is to extract the remaining water that can transport the steam, then enters
the turbine to turn the blades.

The water from the cyclone separator is led to a vaporization system that has the function of
separating the steam from the hot water, then it is directed to a reinjection system, this steam is
called low-priced steam, which is directed to a collector, to be taken to the turbine where both
vapors move the blades to generate electricity. The turbine rotates around 3600 revolutions per
minute, and the steam from the turbine turns the rotor producing electrical energy. This energy
that comes out of the generator goes to a transformer where it is converted from 13,000 volts to
115,000 volts, which are directed to high-power lines of the electrical system, where they are
transferred to the electrical station.

To finish the process, the steam after passing through the turbine is directed to a condenser where
it is converted into the water using cylinders that inject water so that the steam condenses, and the
steam converted into water is transferred to the cooling towers. where the temperature is lowered,
part of the water is used for cooling equipment, and the rest is activated by a system of pipes so
that they can return to the subsoil.

Figure XI. Scheme of geothermal system process
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The complete construction of the geothermal system has a total of ten parts, which are: the
production well, cyclone separator, collectors, vaporization system, moisture separator, turbine,
generation rotor, condenser, cooling tower, and reinjection. all these elements contribute to the
process of the generation of electricity.

Figure VII. 2D geothermal system (plan view) of the Tutupaca area

Source: Designed by the authors

Figure VIII. 2D geothermal system (side view) of the Tutupaca area

Source: Designed by the authors

This geothermal system, the flash cycle is the one that is suitable for the temperature of the
Tutupaca area, this helps the system because it works with water vapor at high temperatures and
does not need second materials or supplies to add, likewise the place of Tutupaca accommodates
both system design and physical property characteristics.



Figure IX. Tutupaca Zone 3D Geothermal System

Source: Developed by the authors

Check: https://youtu.be/DItGHoZmYVc

Figure X. 3D Geothermal System Tutupaca Zone

Source: Developed by the authors


https://youtu.be/DJtGHoZmYVc

Figure XI. Geothermal System 3D Tutupaca Zone
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Figure XII. Geothermal System 3D Tutupaca Zone

Source: Developed by the authors



4.2.

Figure XII1. Geothermal System 3D Tutupaca Zone

Source: Developed by the authors

Conclusion

Result Discussions

With the detailed study of geothermal energy in Peru, it was possible to identify Tacna as
the region with high geothermal and energy potential, which helped us recognize
Tutupaca as the appropriate area for our geothermal system, which unlike the three
remaining areas Tutupaca stands out for the characteristics that adapt to our project,
mainly in temperature and energy potential.

Our project is based on renewable energies, so it can be applied in other projects, since it
is found in different parts of the world and is unlimited energy, it can be used complying
with certain characteristics such as the area, temperature, accessibility of the place and
type of geothermal plant; but if these characteristics are not considered, the application
of this project cannot be carried out.

According to the studies carried out by Laguna Monroy in 2012, our results were similar,
since it shows that the Flash plant is one of the best systems for the use of geothermal
energy, it is observed in the different countries that have already applied this system. Our
research is an alternative solution to the energy demand in Peru since electricity will be
obtained from a clean and inexhaustible source.

Conclusions

With the studies carried out, the appropriate place to implement the geothermal system is
in the Tutupaca area. Tacna Region, this place has a temperature above 150°C and with
an energy potential of 105 MWe, these characteristics were necessary to identify the Flash
plant as a suitable type capable of generating electricity.

However, it has also been possible to find three areas such as Ancocallo, Borateras, and
Caliente, all of which are within the Tacna region, where they met the temperature
characteristics, but not with the energy potential to develop, which also opens up new
possibilities. of simpler systems for its application in these places.

The geothermal system design proposal must be suitable to the type of geothermal plant,
having different parts and areas. The flash plant in the Tacna region will have eight main
elements that will be connected to the pipe networks, grouped into six units, additionally,
they can be connected at the end so that they can be injected into the subsoil.
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