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ABSTRACT

Geothermal resources have been used by hominids since prehistoric times for bathing,
curing wounds, and tempering hunting weapons. Even religious connections are observed
in old civilizations. District heating application appeared in France during the 15th century,
while the first power plant was installed in Larderello, Italy, in 1913. Since then, power
plant technologies and optimized geothermal resources are studied for large-scale renew-
able energy generation. Power plants require water temperature ranging from 95oC to over
200oC. Hydrothermal resources, presenting manifestations in the surface as geysers, hot
springs, and fumaroles, can provide water or steam over 150oC. With crust’s gradient tem-
perature averaged as 30oC/km, resources in dry rock systems come from 3 to 7 km depth.
But the gradient varies on the crust, and some areas are more suitable for implementation
of Enhanced Geothermal Systems or closed-loop systems. With over 458,000 wells con-
nected to the oil and gas industry, Alberta, Canada, has a high potential to reuse part of
those wells, around 7,900 wells, for electricity generation if converted to EGS or closed
loop. SE and E areas of the province showed the potential to reach electricity generation
temperatures at depths lower than 1 km.

SHORT HISTORICAL INTRODUCTION

Geothermal energy is a type of renewable energy source that uses the interior Earth heat
(Lund, 2007). Geothermal sources have been used for different practices, such as bathing,
mining, and electricity generation. According to Arriaga (2005), geothermal resources
were used by hominids since prehistoric times, first by the Homo Habilis in the late Tertiary
and basal Quaternary Periods (from 8 to 1.5 million years ago). It’s been used for bathing
since the Paleolithic (Cataldi, 1992). The first known geothermal spa was in China during
the Qin dynasty (Figure 1). Other usages, such as utilizing the hot water and mud to cure
wounds and tempering hunting weapons and religious connections are also present in the
literature (Arriaga, 2005).

FIG. 1. First known geothermal spa in China during the Qin dynasty (Cataldi, 1992).

Following Lund et al. (2008), district heating with geothermal sources exists in Chaudes-
Aigues, France, since the 15th century, while the first industrial application happened in the
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early 1800’s in Larderello, Italy, when geyser steam was used to extract boric acid from vol-
canic mud. That’s is also the place of the first commercial geothermal power plant, in 1913
(Figure 2), with production’s capacity of 250 kWe (Lund et al., 2008).

FIG. 2. First geothermal power plant in Larderello, Italy (Quick et al., 2010).

Geothermal power plants are evolving technologically and more efficient equipment
is been installed on several places. Countries like United States and Philippines use their
geographical advantage and are the top producers in the world (Lund et al., 2008). Canada
is starting its investments on geothermal energy, showing a great potential to re-utilize oil
and gas wells for heat generation (CanGEA, 2015), as well the implementation of closed-
loop technology in Alberta (Eavor, 2021).

EARTH INTERNAL TEMPERATURE

Earth’s internal structure is divided into main layers (Figure 3) based on their geology
and geophysical differences (Fowler, 2004). The external part of the Earth (the exposed
rocks), is known as crust. It’s thickness varies from an average of 7-8 km beneath the
oceans, and 38 km in the continents, and is rich in silica. The next layer is the mantle, with
thickness of around 2900 km, differs both physically and chemically to the crust, and is
rich in magnesium silicates. Next comes the core which, itself, is divided into two parts:
the outer core (liquid, rich in iron), and inner core (solid, rich in iron and nickel).

The planet’s internal temperature increase with depth, and the main source of heating
is the decaying of radioactive elements, predominantly U, Th, and K (Arevalo et al., 2009).
Figure 3 shows it’s gradient from the atmosphere to the center on Earth. The crust, from
where humans can "extract" geothermal energy, has an average gradient of 30oC/km. In
other words, at 4 km deep in the crust, we can expect a temperature of 120oC (this varies
locally, as it will be shown later).

RESOURCES AND POWER PLANTS

It’s observed that Earth’s internal temperature increases with depth. The next steps are
to understand how to have access to those higher temperature areas, how to use them, and
what type of technologies can optimize its efficiency.
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