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Abstract

The availability of the energy has changed the humanity over the last centuries. The first types of energy used by
humanity were renewable energies: biomass, wind, and water. But, for the last two centuries, fossil fuels have been
the protagonists of world energy consumption. However, recently there has been an awareness of the great energy
dependence on a finite resource, geographically concentrated in a few countries, which in addition to degrading the
environment, is subject to large fluctuations in price. From renewable energies, hydroelectricity is currently the most
important source in the Latin American electricity matrix. Current projections suggest that the installed hydroelectric
capacity will continue to grow to meet future electricity demand. New turbine designs, such as gravitational water
vortex hydraulic turbines, have drawn the attention of many researchers due to their easy installation and maintenance,
and their low environmental impact. This work presents the hydropower potential and prospects for the implementation
of this type of turbine in the Colombian context, and as well as a general description of the current panorama of the
Colombian energy system.

Keywords: Colombia; electricity consumption; energy; environmental impact; fossil fuel; Gravitational water vortex
hydraulic turbine; hydropower generation; natural resources; renewable energy; small hydropower plant.

Resumen

La disponibilidad de la energia ha cambiado a la humanidad en los dltimos siglos. Los primeros tipos de energia
utilizados por la humanidad fueron las energias renovables: la biomasa, el viento y el agua. Pero, desde hace dos siglos,
los combustibles fésiles han sido los protagonistas del consumo energético mundial. Sin embargo, recientemente se ha
tomado conciencia de la gran dependencia energética de un recurso finito, concentrado geograficamente en unos pocos
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paises, que ademas de degradar el medio ambiente, esta sujeto a grandes fluctuaciones de precio. De las energias
renovables, la hidroelectricidad es actualmente la fuente mas importante de la matriz eléctrica latinoamericana. Las
proyecciones actuales sugieren que la capacidad hidroeléctrica instalada seguira creciendo para satisfacer la futura
demanda de electricidad. Los nuevos disefios de turbinas, como las turbinas hidraulicas de vértice de agua
gravitacional, han llamado la atencién de muchos investigadores debido a su facil instalacién y mantenimiento, y su
bajo impacto ambiental. Este trabajo presenta el potencial hidroeléctrico y las perspectivas de implementacion de este
tipo de turbinas en el contexto colombiano, asi como una descripcion general del panorama actual del sistema

energético colombiano.

Palabras clave: Colombia; consumo de electricidad; energia; impacto medioambiental; combustible fésil; Turbina
hidraulica de vértice de agua gravitacional; generacion hidroeléctrica; recursos naturales; energia renovable; pequefia

central hidroeléctrica.
1. Introduction

Throughout the human prehistory and history, several
sources of energy have been used worldwide, from the
human own-self strength to the energy generated in a
water wheel for smashing grains and fruits [1]. However,
for last two centuries, fossil fuels continued to be the
protagonist of the world energy consumption although it
is a finite resource that is geographically concentrated in
a few countries, damage the environment, and is
subjected of speculation in international markets [2], [3].

For all this, most of the measures taken in relation to
energy are aimed at curbing consumption, increasing
efficiency and diversification by committing to
renewable energies. An interesting option for the
generation and employing renewable energy, specifically
hydropower energy, is the gravitational water vortex
hydraulic turbine (GWVHT). These turbines operate at
flow rates of 0.05-5 m®/s and hydraulic heads between
0.5and 2.0 m [4].

The hydraulic head is considered too low for
conventional hydroelectric turbines. Francis, Pelton, and
crossflow turbines are incompatible when the hydraulic
head is less than 3 m [5]. It was found that GWVHT, due
to its ability to sustain relatively high efficiencies at low
heads and small to medium flow rates, addresses a gap in
the current turbine application chart [6]. Compared to
traditional large-scale hydroelectric systems, GWVHT
has a much lower impact on the ecosystem as
construction of a large dam is not necessary. Only a
fraction of the river flow is diverted and passes through
the system, and all water is returned downstream to the
river [7]. The system also demonstrates potential to be
able to function as a fish passage [6].

The current work focuses on the implementation of a
GWVHT in developing countries, such as Colombia. The
implementation of this type of turbine was analyzed
through technical, economic, and environmental
perspectives. The work is organized as follows: a count

of the evolution of energy sources along the prehistory
and history, followed by an analysis of energy
consumption in the world, especially in Colombia. Next,
a description of the operation of a gravitational water
vortex hydraulic turbine and its advantages and its
advantages; and finally, an analysis of the barriers and
opportunities hydropower development in Colombia.

2. Evolution of energy
prehistory and history

sources along the

For a primitive man, well-being was linked to satisfying
his need to feed himself daily through hunting and
gathering. For this purpose, the only energy source was
that derived from his own muscular strength [8]. 500,000
years ago, with the discovery of fire [9] derived from
wood as the first fuel, a fundamental step was made in the
use of energy, which represents a turning point in the
evolution of the humanity. As the human population
increased, the use of fire intensified, leading to the
agriculture rise and domestication of animals. This
resulted in the inclusion of animal strength as another
energy source. Over the centuries, means of
transportation on lakes, rivers and seas were developed,
and the wind acting on fabric sails was widely used to
propel boats [10].

Nevertheless, due to wind direction and power, the wind
energy was combined with human muscular energy.
Later, the energy of water began to be used, thanks to the
invention of the water wheel, as a source of energy. This
energy was used to turn stones or millstones [11]. Around
1180, wind energy found an important application in
Europe when it began to be used to move the grinding
wheels of grain mills [12], when other sources of energy,
such as hydraulics, were difficult to be exploited.

With the use of hydraulic power, animal power and
energy from burning wood, mining, metallurgy and other
industrial activities were developed [13]. Due to the
disproportionate increase in wood burning during the
Middle Ages and the Renaissance, from the 17th century,
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there was a shortage of wood in Western Europe [14].
England began burning mineral coal as the main source
of energy, but it was considered dirty and harmful to
health [15], [16]. Coal was the most used fuel par
excellence in developed countries until it gave way to oil
in the 20th century. The invention of the steam engine, in
the 18th century, was the first great modern energy
invention [17].

Thanks to this, a means of mechanical energy production
was available that made it possible to obtain high powers
and was less geographically limited than the resources
previously used. This invention was a banner of the First
Industrial Revolution [18].

In 1729, the first studies on electricity began. The first
electric battery dates to 1800, when Volta invented the
first electrochemical generator capable of producing an
electric current maintained over time [19]. In 1821,
Faraday’s first electric motor appeared [20], and in 1881,
Thomas Alva Edison’s invented the incandescent lamp
[21].These kinds of energy sources, along with the water
wheels, resulted in the increase in the current hydraulic
turbines, and with them, the production of electricity.
However, electrical energy, as a widely used energy, did
not reach most of the population of developed countries
until the first third of the 20" century [22]. In 1863 and
1885, with the invention of the internal combustion
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engine [23] and the automobile [24], respectively, the
accelerated use of oil and its derived fuels began.
Afterwards, the use of this type of energy spreads in the
navy, in steam generators, in industrial ovens and in-
home heating; today, oil represents the main source of
energy in the world [25] despite its non-renewable
character. Later, the first types of energy used by
humanity were then renewable energies, including
biomass, wind, sun, and water [26]. Nowadays, the use
of renewable energy sources is in the target of both
developed and developing countries around the world,
especially in the former ones due to the negative
environmental and health impacts associated with the use
of fossil fuels.

3. Energy in the world and in the particular case
of Colombia

The annual global energy consumption is estimated as
13,865 million tons of oil equivalents (Mtoe), or about
580 million TJ [27]. By 2040, global energy consumption
will reach 740 million TJ — equivalent to additional 30%
growth. The United States and China, with 2040 and
3381 Mtoe, respectively, are the countries with the
highest energy consumption [28]. Figure 1 shows the

percentage of electricity generation by fuel and region in
2020.
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Figure 1. The percentage of electricity generation by fuel and region in 2020. Adapted from: [29].
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According to Figure 1, natural gas is the dominant fuel
used for power generation in Africa, North America, the
Middle East and CIS (Commonwealth of Independent
States). In turn, in Asia, coal comprises 57% of the
generation mix, while 58% of the power in South and
Central America is hydroelectricity and renewables. Of
58%, 77% of the electricity produced corresponds to the
derived from hydroelectric plants, followed by wind and
solar generation that together add up to 13%, 9%
biomass, and 1% geothermal. Currently, the region has
about 200,000 MW of installed hydropower capacity, of
which 25,000 MW have been added in the last 5 years.

3.1. Electricity generation
Colombia

and provision in

Colombia is the fourth country in South America with the
largest installed capacity in hydroelectricity, closely
followed by Argentina and Venezuela, but very far from
the first producer, Brazil, with an installed capacity of
110,000 MW [30], [31]. Colombia has an installed
capacity of approximately 19,000 MW, of which 68.4%
is generated from hydroelectric plants, 30.7%
corresponding to thermal plants, and 1% to other
renewable energy sources [32], [33], [34]. Brazil
produces 62.9% of its electricity through hydropower
[35]. Figure 2 shows the evolution of electricity
production by source in Colombia between 2000 and
2020.

As observed in the Figure, hydropower is the main source
in Colombia producing energy. It is important to note that
hydroelectric power plants are essential for the
sustainable development of the region’s electrical matrix,
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Figure 2. Electricity production by source, Colombia [36].
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not only because of the renewable energy supply they
provide, but also because of the technological capacity to
provide other services, such as flexibility and peak
generation, frequency regulation, energy storage, among
others, which currently allow the massive incorporation
of intermittent generation sources (as solar and wind).

For this reason, the advances that can be achieved in the
regulatory frameworks so that they adequately recognize
the value of all services that hydroelectric plants provide
to the system, beyond energy, will be essential to
encourage investments not only the development of new
hydroelectric projects, but also to accelerate the
modernization of the existing hydroelectric power plants,
essential to accompany the transformation toward low-
carbon generation and its sustainability.

For years, hydroelectric plants have been considered
synonymous of development. Colombia, owing to its
topography, rainfall and water resources, has an
exceptionally high potential to develop this type of
engineering projects. In fact, Colombia has been
classified as the second country in Latin America with the
largest hydraulic capacity. The country has a flow among
its main rivers of 52;075 m¥s, and the water supply is 6
times higher than the world average. In hydroelectric
power plants, their construction is less expensive than
nuclear plants. Additionally, the operation is cheaper
than thermoelectric plants, energy can be provided on a
large or small scale, and low emissions of greenhouse
gases (GG) are generated.

Other
renewables,
including
bioenergy
Solar

Wind

Hydropower

Qil

Coal

2015 2020
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Large or small scales refers to the generated power. A
large hydropower plant produces 10 MW or more,
whereas a small hydropower plant (SHP) produces less
of 10 MW [37]. A small hydropower plant is divided into
further categories depending on its size, such as mini-
(less than 1,000 kW), micro-hydro (less than 100 kW)
and pico-hydro (less than 5kW). The definitions may
vary according to manufacturers and countries [38].

The above reasons are sufficient that decision-makers at
the state level have considered the construction of
hydroelectric plants on important tributaries of the
country, such as Alto Chicamocha, Betania, Calima,
Chivor, Guavio, El Quimbo, Hidromiel, Hidrosogamoso,
Ituango, Pefiol-Guatapé, San Carlos, among others [31].

However, the construction and maintenance of large
hydroelectric power plants mean an undeniable
environmental, social and economic costs. Small-
hydraulic power plants bring a great deal of research
consideration. SHP is characterized by varying flows,
low-head and highly valued river functions, including
sediment transport, fish preservation and recreational
usage, etc. [39], [40], [41].

According to the National Energy Plan, in SHP,
Colombia has a potential of 25;000 MW. Despite this
great power, 0.67% in SHP has been exploited. Several
sites of small hydro-energy potential remain untapped
due to the limitations of the hydraulic head besides the
requirement of large flow rates for the power generation.

This potential energy resource can be used if new-
innovative turbines that balance efficiency, economics
and environmental sustainability are developed [42]. The
supply of electrical energy, with a commercial approach,
began in Colombia by private initiative at the end of the
19" century, when the Bogota Electric Light Company
was created in 1888.

In the following years, also driven by private initiative,
generation-distribution systems were developed in
isolation in the main cities of the country [43].

Nowadays, the provision of electricity service and its
expansion are carried out through the physical
connection of users to the National Interconnected
System (or SIN, by its acronym in Spanish). The
geographical areas that are not electrically coupled to the
SIN, are called Noninterconnected Zones (NIZ, ZNI in
Spanish). N1Z do not have access to the electricity service
through an interconnected system; however, several local
solutions can be adopted, such as the use of diesel [44].
NI1Z are shown in Figure 3. These locations have 130,000
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population and contributes to 52% of Colombia’s land,
averagely 868 km? [44].

The department with the highest number of localities
with ZNI is Narifio, followed by Choc6 and Caqueta.
Generally, the population density of the NIZ is extremely
low (44 habitants/km2), due to the dispersion of both the
municipalities and dwellings, a factor that makes the
logistics of service assistance difficult, with high unit
investment and operating costs [45]. This is due to the
deficient, and in some places non-existent, mobility and
transport infrastructure, aggravated by the political and
socioeconomic conditions of the regions. Despite all, the
NIZ are characterized by their great wealth of natural
resources. Thanks to the abundance of resources, energy
solutions should be based on renewable power sources as
the hydraulic energy.

Figure 3. Non-interconnected zones. Adapted from:
[46].

3.2.  Electricity consumption in Colombia

The electricity consumption of a home is the sum of the
electricity cost of all electrical appliances in the house in
a given period (daily, weekly, monthly, annual, etc.).
This is established using electrical energy measurement
equipment, from which the electricity distributors extract
the data for billing. Figure 4 shows the evolution of
energy consumption per person.
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Energy consumption includes electricity, cooking,
transport, and heating. In Colombia, the average
consumption per person is 10,000 kWh per year [28].
Between 1965 and 2021, the energy consumption had an
increment of 120%; the average electricity consumption
of a home depends directly on its dimensions, the number
of people who live in it, appliances, and uses of
electricity. Normally, the electrical appliances (oven,
washing machine, television, refrigerator, computer, and
air conditioning) are the same, and mostly, the electricity
is consumed at night or on weekends. The average
consumption of electricity in Colombia is still low
compared to that is registered in the other economies of
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the region, as shown in Figure 4. This is the consequence
of not having a “highly developed” electricity market and
because gas, wood, and coal are still used as a source of
energy, instead of electricity, in homes.

In the world, the countries with the highest energy
consumption per person are Qatar (183,000 kWh per
year), Netherlands Antilles (179,000 kWh per year) and
Iceland (170,000 kWh per year). The consumption of
United States of America ranks 18th with an average of
78,000 kWh per year. The world energy consumption per
person is shown in Figure 5.

Argentina
Venezuela

Brazil

Colombia
Peru

2000 2010 2021

Figure 4. Energy use per person in Latin America [36].
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Figure 5. Energy use per person in the world [36].
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4. Gravitational water vortex hydraulic turbine
(GWVHT)

One of the new innovative turbines that take advantage
of the potential energy resource for SHP is the GWVHT.
GWVHT is an impulse turbine of low-head hydropower
technology [47]. Low-head hydropower can generate
electricity from rivers that were traditionally unsuitable
for developing hydraulic power plants [42], [48]. In a
GWVHT, the water passes through an inlet channel into
a conical or cylindrical circulation chamber, in which a
free surface water vortex is formed [49]. A vertical-axis
runner is positioned in the center of the chamber. The
runner rotates with the swirling flow, thus generating
mechanical energy which can be converted to electrical
energy using a generator [5]. The water discharges
through an outlet hole at the bottom of the circulation
chamber. A small hydroelectric plant with GWVHT is
shown in Figure 6. The main components of this turbine
are the inlet channel, circulation chamber or vortex
chamber, and a runner or impeller.

The basic principle of any hydropower generation plant
is impulse momentum [38]. Water potential is
transformed into the mechanical energy by rotating a
runner; next, mechanical energy is transformed into the
electrical energy by using a generator. The diagram of
converting the energy of water is shown in Figure 7.

The available power in an impulse turbine is given by Eq.
1:

P = pgQ(H,) 1)

GENERATOR
producing electricky

RIVER FLOW RETURNED TO T
WATERWAY, AERATED, WITHOUT

REDUCTION OF FLOW RATE OR 1-2m fall
INTERFERENCE WITH RIVER. l
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where p is the density of the fluid, Q the volume flow
rate, g the gravity, and H is the difference in height
between the level of fluid in the inlet channel and the
position of the runner in the basin [51]. The power
generated by any turbine is given by equation Eq. 2:

Pout =Tw 2

where T is the torque, and w is the angular velocity. The
efficiency 7 of the turbine is defined by equation Eq. 3:

Pyut Tw

P pgQH,) ®)

Twenty of these turbines have been installed. The
turbines installed have output powers ranging from 0.01
to 20 kW with an average efficiency of 54%+ 12% [6].
This efficiency is low compared with the efficiencies
reported by conventional turbine, with values that exceed
95% [52].

4.1. Prospects for the implementation of a GWVHT
in Colombia

If Colombia has a potential of 25,000 MW for generation
with SHP, for a power of 20 kW, about 1 million turbines
could be installed. The potential for generation is higher
than this installed capacity (19,000 MW). With a capacity
of 20 kW, operating 18 h a day on average, and 350 days
per year, each hydropower plant would supply the
electricity for 13 million people. The NIZ only have
130,000 population.

N

VORTEX CHAMBER
CIreutar, plste and
traraportatie

WATER FLOW
ErrmiNIg wortae e

Figure 6. Small hydroelectric plant with GWVHT [50].

' Water
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™~ Mechanical
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B B
Figure 7. Block diagram of hydropower generation. Adapted from: [38].
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Producing electricity taking advantage of the potential
available in the country not only makes it possible to
supply the energy needs of the NIZ, but it would also
allow generating electricity for the rest of the country,
including neighboring countries. An interesting proposal
to produce electricity for noninterconnected zones, or to
deal with the growing demand for electricity, is to use the
water discharges available in large-hydroelectric plants.
Water discharges are the amount of water expressed in
energy [GWh] that is evacuated from the reservoirs
(damns) through their discharge structures. This occurs
in the rainy seasons when the reservoir level exceeds its
maximum physical level. The spillway is a hydraulic
structure built to allow free passage or control the water
stored in a reservoir. There are different types of
discharge structures.

In Colombia, the most used types of landfills are those
with the free edge, landfills with gates and landfills with
fuse dams [53]. In a free - edge weir, the water passes
freely over them once the reservoir exceeds the level of
said structure. Weirs with gates are those that can control
the discharge by partially or totally opening their gates.

These spillways do not have to wait for the reservoir to
reach its maximum operating level to start opening their
gates; the operation begins in advance seeking to regulate
the discharge of the flow and maintain the level of the
reservoir. A fusible dam spillway is made up of
independent units that collapse when the water level in
the reservoir reaches a certain level, causing the flow to
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discharge downstream through the space released by this
unit.

Figure 8 shows the water discharge that is evacuated
from the reservoirs for all hydropower plants in
Colombia in the last two years. In total, in the last 2 years,
12,612 GWh of energy has been wasted through
discharge structures.

Figure 9 shows the evolution of the average daily price
of electricity from 2016 to 2020. Table 1 shows the
Average Market Exchange Rate between 2016 and 2022.

Table 1. Average Market Exchange Rate

Year | Average Market Exchange Rate
2016 1 USD = 3,050.98 COP
2017 1 USD = 2,984.00 COP
2018 1 USD = 2,956.55 COP
2019 1 USD = 3,281.09 COP
2020 1 USD = 3,693.36 COP
2021 1 USD = 3,743.09 COP
2022 1 USD = 4,255.44 COP

Banco de la Republica, Colombia.

In Colombia, the highest percentage of generation is
covered by generators with hydroelectric plants. When
the weather affects the level of the reservoir downwards,
it puts pressure on the price, and this effect is noticeable.

02-01
2-05-01
2-06-0

2022-01-01

2022-06-01

2022-0

~ ~
o o
~ ~
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Date

Figure 8. Water discharge. Adapted from: [53].
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According to Figure 9, in the first months of 2016 with
the formation of the El Nifio phenomenon that affected
the country between 2015 and 2016, when the price
reached 871 COP (0.285 USD Average Market Exchange
Rate for 2016). Throughout 2019 and 2020, the effects of
climate change and the influence of the El Nifio
phenomenon are observed too. With an average cost of
200 COP (0.055 USD Average Market Exchange Rate
for 2020) per kWh, the water discharged in the last two
years (12,612 GWh) was equivalent to 2,522,400.000
COP (682,955.35 USD).

In the NIZ, the cost of electricity (generated with fossil
fuels) is on average 1,250 COP (0.338 USD) per kWh
[54], so the value of water discharges would be
equivalent to 15,765,000,000 COP (4,268,470.98 USD).
In the ZNI, the cost of electricity increases due to the
transport of fossil fuel added to the difficulty of access.
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A barrel of oil is equal to 6.1178632 x 10° or 1,700 kWh
[56]. water discharge is equivalent to 7,400 barrels of oil.
Figure 10 shows the evolution of the price of OPEC oil.
OPEC oil has been quoted during 2022 at an average of
94 USD per barrel [57]. OPEC is the Organization of
Petroleum Exporting Countries, coordinates the oil
policies of its member countries to influence the
international oil market. OPEC member countries are the
United Arab Emirates, Saudi Arabia, Algeria, Venezuela,
Nigeria, Angola, Qatar, Ecuador, Libya, Gabon, Iran,
Irag, and Kuwait [58]. The 7,400 barrels will cost
695,600 USD (or approximately 2,960,084 COP Average
Market Exchange Rate for 2022).

5. Barriers and opportunities in Colombian
hydropower development

The future of humanity depends on the way energy is
produced [60].
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Figure 9. The evolution of the average daily price of electricity [55].
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Currently, most countries worldwide aim to supply their
internal energy demand from renewable energy sources
[61]. Colombia is not a stranger to this approach, as in the
National Energy Plan, a strategy to reduce the
vulnerability of the energy sector is the search to
diversify the matrix of electricity generation in the
medium and long term in all supply chains energy supply,
increasing its complementarity, availability, and
reliability with renewable energy sources [62]. In this
regard, developing countries are facing the following
challenges: i) development and technological adaptation
of devices for the use from renewable energy sources; ii)
the formation of human capital in aspects related to
energy generation and energy efficiency; and iii) the
search for sources of investment for developing the
energy infrastructure necessary to continue guaranteeing
equity and social development, while simultaneously
addressing the effects of climate change and sustainable
development. From renewable energy sources,
hydropower is considered as one of the most convenient
and popular renewable energy technologies [63], [61],
[64].

o Environmental sustainability and land use: During the
construction period of a hydropower plant, land is
busy to make temporal activities like construction of
roads, stores, and worksites [61], [65]. The temporal
land occupied for constructing may include urban,
forests and farmlands. After the conclusion of the
construction period, large areas of land are
permanently flooded. Large storage of water in big
artificial lake causes biomass decomposition of
flooded land and produces methane (CH4) and carbon
dioxide (CO2) emissions. Additionally, floodedland
destroys arable land, wildlife, and can included
residential areas. Reservoirs in hilly regions can store
more water in smaller areas, whereas in flat regions
the area covered by the reservoir is large [61]. For
instance, the hydroelectric power plant located in “El
Pefiol” dam (Guatapé, Antioquia) floods 74 km? of
land to generate 560 MW [66]. The Three Gorges
Dam, the world’s largest hydropower plant, floods
1,084 km? of land to generate 22,500 MW [67], [68].
Small-hydropower plants, especially run of river type
schemes, do not have the same environmental
problems associated with large hydroelectric projects
since these types of plants do not require large
reservoirs [69], even some of them, such as
gravitational water vortex hydraulic turbine, do not
require any type of reservoir. As in any turbine,
GWVHT can produce downstream flow alterations;
nevertheless, in the case of GWVHT, these alterations
can be advantageous because they allow aerating the
water, disseminating internal pollutants in the water,
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and reducing the temperature by increasing the rate of
evaporation [70], [6], [4].

Government policies: In the New Policies Scenario,
the world meets its growing energy needs in a
radically different way than in the last 25 years, now
led by natural gas, the rapid rise of renewable
energies, and energy efficiency [42]. The decisions
agreed at United Nations Climate Change Conference
2015 (COP21) light up the future of renewable
energies. The international community has
understood its debt to strengthen the transition to a
low-carbon economy for the sustainable future. The
unanimity in favor of the decarbonization of the
economy constitutes a very favorable framework for
the promotion of clean energy technologies. As large
hydropower projects are not accepted as a clean
renewable energy source by environmentalists and
ecologists, many countries accelerated the growth of
SHP [71], [72]. To promote the expansion of SHP, the
governments have financed investigations and
developments of technologies to make such power
plant a competitive one, establishing regulatory
frameworks and policies to the renewable energy
sector [73]. In the case of Colombia, Law 1715 of
2014 marked a milestone in the country’s energy
history, encouraging the use of non-conventional
sources of energy, turning them into a matter of
public utility and social, public, and national interest,
which triggered a high interest in the promotion and
implementation of energy projects through
nonconventional sources of energy in the country
[74], [75].

6. Conclusions

In Colombia, the electricity sector is one of the most
competitive in the region and thanks to its good
management, it is one of the sectors with the highest
profits and projection. More than 52% of the territory
does not have a constant electricity service at reasonable
prices, which prevents the development of these areas,
increasing the inequality that already affects Colombian
society, especially at the regional level. Access in rural
areas and particularly in NIZ is very poor and, although
coverage has been expanded in recent years, quality has
not been increased to the same extent.

Therefore, it is important that electrification projects not
only provide electricity to inhabitants, but also temporary
and permanent jobs allowing community development
and the inclusion of the various local actors that lead local
development, and the project to be carried out. For this
purpose, a fundamental and integral role of the state that
allows reducing the technological, social and economic
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gap is required, in which people without electricity can
live, respecting and rescuing their worldviews, cultures

and social constructions. Due to the present restrictions
to lead to the interconnection of the NIZ to the SIN, it is
important to pay special attention and allocation to
research and development in alternative energies that
enable access to electricity at reasonable costs and
without having permanent impacts on the environment.

In this regard, public and private interventions are
necessary in the electricity service providers in the NIZ
to make attractive and safe investments in the sector.
Likewise, understanding the role played by the glider
when seeking reasonable and applicable solutions in each
of the NI1Z is a complex task, due not only to the growing
supply of new alternatives, but also to the complexity of
the Colombian territory that sometimes makes the
application of such technologies difficult.

GWVHT are a promising technology because they allow
to take advantage of locations that until now were
impossible with conventional generation systems
(Pelton, Kaplan, and Francis turbine) since this
technology requires a low hydraulic head.
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