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is available at the end of the installed capacity in the country; potential sources of geothermal energy for electric
article power generation; the existing regulatory framework for projects involving renewable

sources, and the geothermal projects currently under development in the national
territory. Demand for electricity in Colombia will continue to increase, which implies
that new electric power generation projects must be undertaken in order to meet the
country’s demand. The conclusion is that geothermal energy is a good alternative to
help achieve this objective. By 2025, geothermal sources are expected to generate at
least 1400 GWh of electric power per year, equivalent to 1.65% of total electricity esti-
mate demand in Colombia. If the full potential that has been assessed were exploited,
generation capacity could reach up to 17,400 GWh/year (equivalent to close to 20% of
the country’s demand) by 2025.

Keywords: Geothermal potential, Electric power demand, Geothermal power plant,
Non-conventional power sources

Background

Heat is a form of energy, and geothermal energy is the heat that is stored inside the
earth, which when transferred to the surface can be used by humans. Uses for geother-
mal energy range from its direct use with no transformation, to the generation of elec-
tricity using geothermal power plants. Even though a huge amount of thermal energy is
stored inside the earth, only a fraction of it is usable for mankind (Marzolf 2014; Dickson
and Fanelli 2013). Given that geothermal energy is a renewable resource, it may be con-
sidered a solution for the environmental and energy shortage issues the world currently
faces (Munoz et al. 2014).

There are certain regions that are attractive for the generation of geothermal electric-
ity; these are generally thermally active areas in the crust of the earth, near the bounda-
ries of the tectonic plates. Colombia is located on the Pacific Ring of Fire, which is a
substantial advantage in terms of its potential for developing geothermal energy power
plants, because in this area the natural gradient of temperature of the subsoil near the
surface of the earth is abnormally high, due to the volcanic activity. Such conditions are
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considered favorable for the use of geothermal energy (Marzolf 2014; Mejia and Rayo
2014).

The implementation of geothermal power plants has become more widespread with
many projects to be carried out, especially in countries such as Argentina, Austria, Aus-
tralia, Bolivia, Canada, Costa Rica, Chile, China, Ecuador, Ethiopia, El Salvador, France,
Guatemala, Italy, Indonesia, Japan, Kenya, Mexico, New Zealand, Nicaragua, Philip-
pines, Taiwan, Thailand, and The United States; Fig. 1 shows the geothermal installed
capacity in the world (Bertani 2016).

In Colombia, there is no geothermal development yet. Geological studies are being
carried out by the Colombian Geological Survey in the Nevado del Ruiz, Tufifio-Chiles-
Cerro Negro, Azufral, Paipa, and San Diego areas. The use of geothermal energy for the
production of electricity has faced a number of obstacles, such as limited technical and
scientific capabilities for the exploration and development of these resources, the large
investments and high risks involved in exploration, and non-application of regulatory
frameworks on the development and use of such resources by the entities responsible
for promoting and managing such projects. These factors have led to very slow progress
in the performance of pre-feasibility studies for the use of these resources (Bertani 2015;
Marzolf 2014).

This article discusses the potential of geothermal energy as an alternative for electric
power generation in Colombia, including a review of planned geothermal power plants
in the Colombian territory, and an assessment of the prospective future participation of
geothermal power in the country’s electricity supply.

Electric power generation in Colombia

The bulk of electric power in Colombia is generated by hydro-electric plants. Table 1
shows the participation of each technology in the Colombian electric power market,
indicating that hydro-electric power is predominant, with 69.97% of the total, followed
by thermo-electric power (gas and coal), which combined account for 18.05% of the
total.
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Fig. 1 Geothermal installed capacity (MW)—2016 (Reproduced with permission from Bertani 2016; ThinGeo-
Energy 2016)
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Table 1 Installed capacity by technology. Reproduced with permission from UPME (2015)

Technology Power (MW) % of total
Hydro-electric 11,500.50 69.97
Thermal-gas 1619.50 9.85
Thermal-coal 1348.40 8.20
Liquids 1592.00 9.69
Liquid gas 264.00 161
Biomass and wind 111.60 0.68

Total 16,436.00 100

According to the monthly report on generation variables and the electricity market
published by UPME, in December of 2015 the Colombian electric power system had
installed capacity of 16,436 MW, electric power generation in Colombia in December,
2015 totaled 5703.88 GWh, a 3.13% increase compared to the same month the previous
year, and the forecast for 2025 is 86,752 GWh/year (UPME 2015, 2016).

Geothermal potential in Colombia

Colombia is an attractive country for the development of geothermal electric power
plants because it is located on the Pacific Ring of Fire, and consequently there is vol-
canic activity along its Western and Central mountain ranges, as well as latent igneous
activity in certain areas of the Eastern mountain range. The region has close to 15 active
volcanoes and dozens of inactive ones. Figure 2 displays existing volcanoes worldwide,
showing the existence of several of these in the Colombian territory (Corpoema 2010;
IDEAM 2014).

Figure 3 shows the map of geothermal potential in Colombia in terms of the ranges
of available temperatures at a depth of 3 km (Vargas et al. 2009). It shows that the most
promising regions in terms of energy use are in the Andean region, where thermal anom-
alies are found with geothermal gradient values of up to 127 °C/km. In these regions, hot
fluids may be found at depths of between 500 and 1000 m that are capable of producing
enough thermal energy for small-scale generation projects (Corpoema 2010).

Fig. 2 Map of volcanoes in the world
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Fig. 3 Geothermal potential map [temperature in °C (at depth of 3 km)] (Reproduced with permission from
Vargas et al. 2009)

In 1981 and 1982, a study was carried out by Latin American Energy Organization
(OLADE) in agreement with ICEL (the Colombian Electric Power Institute) to survey
geothermal resources in the Republic of Colombia. The objective of the project was
to carry out a final selection of the most important areas of geothermal interest in the
country. The study covered close to 100,000 km? and included the central and western
mountain ranges, which feature recent volcanic activity and the presence of high-tem-
perature thermal springs on the surface, and the eastern mountain range with volcanic
activity that is not as recent and the presence of high-temperature thermal springs.
These studies showed that Colombia has areas of geothermal interest for installation of
generation capacity of up to 1000 MW (Corpoema 2010; Porras and Gutierrez 2013).
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Colombia’s geothermal potential was also estimated in 1999 by Liz Battocletti, at
2210 MW, which may be used to generate electric power; the study covered sites such as
Santa Rosa de Cabal, the Ruiz Complex, Paipa, Azufral Volcano, Chiles, Cumbal, Cerro
Negro, and Tufifo (Battocletti 1999).

Regulations on the use of geothermal resources in Colombia

A regulatory framework exists in Colombia on the use and exploration of geothermal
resources, which covers aspects related to surveying, pre-feasibility and feasibility stud-
ies, and the field and plant development stage (construction and operation). This section
will discuss some legal aspects regarding the use of geothermal resources in the country.

The objective of law 1715 of 2014 is to promote the development and use of non-con-
ventional renewable energy (NCRE) sources and to incorporate them into the national
electric energy system. Its aim is to establish the legal framework and instruments for
the promotion and use of NCRE sources, and to promote investment, research and
development of clean technologies, including by means of investment incentives. Geo-
thermal energy is considered a non-conventional renewable energy source. Law 1715
designated CREG (Energy and Gas Assignment of Regulation) as the entity responsible
for the technical regulation of this resource, the national government as the promoter of
subsoil exploration and research to survey existing geothermal resources, and the Min-
istry of Mines and Energy as the body responsible for establishing the conditions for the
participation of geothermal energy in the Colombian energy market, as well as the tech-
nical and quality requirements for the facilities that use such resources to generate elec-
tricity (UPME 2014).

Geothermal energy is considered a renewable natural resource that is owned and man-
aged by the State, given that according to Decree-Law 2811 of 1974 all natural renewable
resources belong to the nation. Management of such resources is assigned to a govern-
mental entity (the Ministry of the Environment). In order to use and exploit geother-
mal resources, it is necessary to obtain legal permits, concessions, and environmental
licenses (Marzolf 2014; Hurtado 1974).

The surveying, pre-feasibility, and feasibility studies that are required prior to building
and operating a plant require some degree of legal security in terms of use of the resource,
because they involve substantial capital investments and high levels of risk. It is therefore
important to obtain the required permits before undertaking geothermal exploration.
Decree 2811 of 1974 (the national code on natural and renewable resources and environ-
mental protection) defines the permits that are required to begin exploration of natural
resources with the objective of exploiting them. However, the duration of such permits is
only 2 years, which is generally considered insufficient for geothermal exploration, which
could take up to 5 years to cover all aspects (including pre-feasibility and feasibility stud-
ies). According to Law 2811 of 1974, a concession must be obtained in order to use and
exploit geothermal sources: any individual, legal entity or partnership, public or private,
that wishes to generate hydraulic, kinetic or electric energy must request a concession,
and the concession for the use of water as a geothermal source is to be granted along with
the concession for use of the geothermal resources. The environmental parameters the
projects must fulfill are issued by the national government through the Ministry of the
Environment and Sustainable Development (UPME 2014; Hurtado 1974).
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Even though geothermal energy is considered a clean, renewable, and environmen-
tally viable technology for the production of electricity, it clearly has particularities that
require designing and implementing environmental management measures in all stages
of the process. For this reason, Colombian legislation establishes that obtaining an envi-
ronmental permit is a mandatory requirement for the use of geothermal resources.
Such permit would implicitly cover all other permits, authorizations and/or concessions
required for the use, exploitation and/or effects on the renewable resources that would
be required over the useful life of the project (Marzolf 2014; Hurtado 1974).

The Law on the Rational Use of Energy (Law 697 of 2001) promotes the rational and
efficient use of energy and the use of alternative energy sources, among other provisions.
Article 2 of said law establishes that the state has the duty of establishing the regulations
required to make the use of renewable energy sources viable (Marzolf 2014).

Geothermal electricity generation projects in Colombia

In order to review the status of geothermal electricity generation projects in Colom-
bia, first we must point out the stages of development for the commercial operation of
a geothermal power plant. Figure 4 displays the phases and estimated times required to
build a geothermal project. The process begins with a survey to recognize, identify, and
select potential areas, including an analysis of environmental restrictions. It is followed
by a pre-feasibility stage, which includes a series of studies (geological, geochemical, and
geophysical), establishment of the thermal gradient, and development of the geothermal
model. The pre-feasibility stage lasts approximately 2.5 years.

Afterwards, during the feasibility stage, exploratory drilling is performed, usually by
means of wells at depths of 2—3 km; during this stage the deposit is evaluated; technical
and economic viability studies are prepared, and a plant design is developed. During the
development stage, the production and re-injection wells are drilled and the pipelines
and generation plant are installed, to finally reach commercial operation, as indicated
in Fig. 4 (ISAGEN 2012). As mentioned in the section above, it is of utmost importance
to secure the necessary permits for development in a timely way. Failure to do so could
cause substantial delays in the development process.

To date, there are no geothermal power plants in operation in Colombia. Geological
studies are being performed by the Colombian Geological Service at Nevado del Ruiz,
Tufino-Chiles-Cerro Negro, Azufral, Paipa, and the area of San Diego to establish the
viability of developing projects in these areas (Alfaro 2015).

Exploration Commercial
(1'year) operation
Prefeasibility Feasibility Developing
(2,5 years) (1,5 years) (3 years)

Fig. 4 Idealized scheme of the geothermal plant development stages (Reproduced with permission from
ISAGEN 2012)
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Figure 5 displays the areas with geothermal potential in Colombia, where the green
dots represent areas where exploration is currently being carried out by companies to
generate electricity; the orange areas are in the pre-feasibility stage and are under study
by government entities; the dark red areas have geothermal development potential and
the yellow areas are those with substantial geothermal anomalies.

The geothermal projects in Colombia are displayed in Table 2, which indicates that the
projects in the most advanced stage of development are the ones at Nevado del Ruiz and
the bi-national project Chiles-Tufifo-Cerro Negro.

Caribbean

Areas of high geothermal
(thermal gradient above 34°C).

33

— - y e lad AN :
Fig. 5 Areas with geothermal potential in Colombia (Reproduced with permission from Mejia and Rayo
2014)
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Table 2 Status of geothermal projects. Reproduced with permission from Mejia and Rayo

(2014)

Project Estimated capacity Current status

Nevado del Ruiz Volcanic Mountain 50 MW Pre-feasibility studies complete
Bi-national project: Chiles-Tufifo-Cerro Negro 138 MW Pre-feasibility studies in progress
Paipa NA Pre-feasibility studies SGC
Azufral volcano NA Pre-feasibility studies SGC

San Diego maar NA Pre-feasibility studies SGC

NA not available

The first to come to operation, which will become the first geothermal plant in the
country, is being developed jointly by ISAGEN S.A. E.S.P,, Toshiba Corporation, West
Japan Engineering Consultants, Inc. (West JEC) and Schlumberger. This power plant will
be in the municipality of Villa Maria, department of Caldas, with an installed capacity of
50 MW, and it is scheduled to begin commercial operation in 2020 (ISAGEN 2015).

The second is a bi-national project between Ecuador and Colombia, located on the
border of both countries; its installed capacity will be 330 MW, of which 138 MW will
be on the Colombian side (Mejia and Rayo 2014; CELEC.EP. 2014), and according to the
geothermal plant development stages, this power plant will begin commercial operation
before 2025. Figure 6 shows the location of both power generation projects.

Prospective view of geothermal energy in Colombia

Table 3 displays a forecast of demand for electricity in the country for 2017-2030 pre-
pared by the Mining & Energy Planning Unit (UPME by its acronym in Spanish). Based
on the forecast figure for 2025, an estimate was calculated on the participation of geo-
thermal energy as a contributor to electricity supply in the country.

It is important to keep in mind that in addition to the areas where pre-feasibility stud-
ies for the use of this resource for generation of electricity are currently under way, as
mentioned earlier, there are other areas that are suitable for electric power generation
and where it might be worthwhile to promote geothermal projects to benefit the regions
and diversify electricity supplies in Colombia.

By 2025, the Colombian electric power generation system will be producing
86,752 GWh/year (UPME 2016). Taking into consideration the main geothermal projects
in Colombia, and assuming that the geothermal plant at the Nevado del Ruiz Volcanic
Mountain will come to operation in 2020, and assuming, based on normal development
times for a geothermal power plant, that the bi-national project with Ecuador will be in
operation by 2025, the combined capacity of both plants would be 185 MW by 2025,
which adjusted by a generation factor of 0.9, given that geothermal plants can operate
with very few interruptions, these two plants would be generating 1400 GWh/year. This
would imply that geothermal energy would account for 1.6% of the total generation of
the country’s electric system by 2025, as indicated in Fig. 7.

Pre-feasibility-stages studies are beginning for the geothermal areas of Paipa, Azufral
Volcano, and San Diego maar. Preliminary conceptual models have been developed for
the geothermal resources in these volcanic zones, leading to the characterization of the
areas as being of great interest for geothermal power generation, presented to the World
Geothermal Congress 2015.
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Fig. 6 Aerial view of Chiles Volcano and Nevado del Ruiz Volcanic Mountain (Reproduced with permission
from SENCAR 2015; IG-EPN 2015; Vargas et al. 2009)

Conclusions
By 2025, with the projects at Nevado del Ruiz and Cerro Negro-Chiles-Tufifio on line,
geothermal energy will account for 1.65% of electric power generation in the country,
which although small compared to the percentages of other sources such as hydro-elec-
tric or thermo-electric plants, is nonetheless a contribution to the national grid.
Colombia is an attractive country in terms of geothermal energy because it has close
to 15 active and numerous inactive volcanoes, and its location on the Pacific Fire Ring
is an advantage in terms of making use of geothermal resources, because the thermal

Page 9 of 12
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Table 3 Forecast of national demand for electric power. Reproduced with permission from

UPME (2016)

Years GWh Growth (%)
2017 69.748 4.0
2018 73.230 5.0
2019 75341 29
2020 77387 27
2021 79.164 23
2022 80.923 2.2
2023 82.704 22
2024 84.648 24
2025 86.752 25
2026 88.930 25
2027 91.243 26
2028 93.659 26
2029 96.166 2.7
2030 98.809 2.7

1,65%

98,35%

B Geothermal [ Other tecnologies
Fig. 7 Share of geothermal electricity in total electricity generation in Colombia by 2025

gradients are above normal. If the full potential that has been assessed were used, gen-
eration capacity could reach up to 17,400 GWh/year, equivalent to close to 20% of the
country’s demand by 2025. Greater development of the country’s geothermal resource
base may be promoted by modifying the regulatory framework, adding incentives such
as tax deductions and facilitating financing mechanisms, financial support or risk cov-
erage. Developing the technical and scientific training of personnel in geothermal
resources will also help in accelerating development.

The foreseen growth in demand in Colombia indicates that it is necessary to under-
take new electricity generation projects to cover such demand, and geothermal energy
is likely to play an important role, because in addition to being a renewable source of
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energy, it would help diversify the energy sources of the country’s electric grid. With the
support of legislation, incentives, and future projects (Azufral, Paipa, San Diego), geo-
thermal electric power generation will increase its share of the country’s generation sys-
tem, which would also increase the reliability of the country’s power grid.
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