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ABSTRACT

A geothermal resource can be defined as a reservoir inside the Earth from which heat can be extracted economically.
Geothermal resources are classified on the basis of different aspects, such as heat source, heat transfer, reservoir tem-
perature, physical state, commercial utilization and geological settings. Unfortunately most of the current classifications
that are used for geothermal systems are not complete. So, a combinational terminology of geological and tempera-
ture-based classifications would be more complete. This terminology can explain all geological situations, temperature
and physical state of geothermal reservoir altogether. According to geological settings, in combinational terminology
(from left to right), the class of geothermal resource’s name would be placed at first, then the physical state of reservoir
(Liquid-dominated or Two-phase or Vapor-dominated) would be written and finally the class of the geothermal reser-

voir which is related to its temperature, is written.
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1. Introduction

Geothermal energy is a clean and renewable source of
energy that recently has been used. Geothermal energy is
the natural heat which is stored in the rocks and water
within the Earth [1]. And a geothermal resource can be
defined as a reservoir inside the Earth from which heat
can be extracted economically and utilized for generating
electric power or any other suitable industrial, agricul-
tural or domestic application [2].

Resource classification has a key role in the characteri-
zation, assessment and development of energy resources,
including geothermal energy, because Stakeholders at all
levels of government, within the geothermal industry,
and among the general public need to be able to use and
understand consistent terminology when addressing geo-
thermal resource issues [3]. Geothermal resources are
classified on the basis of different aspects, such as heat
source, heat transfer, reservoir temperature, physical state,
commercial utilization and geological settings [3,4].

However, most of time, geothermal resources are clas-
sified and got a name with respect to their geological
setting [2,4-7] and their temperature [8-11].

Classification of geothermal systems according to their
nature and geological settings is very important why
geologic setting of a geothermal system has a fundamen-
tal effect on the potential temperature, fluid composition,
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and reservoir characteristics [3]. There are some similari-
ties among current different methods for naming and
classification of geothermal systems on the bases of their
geology. There are also some differences.

Classification of geothermal systems according to their
temperature is economically important why our final tar-
get is extraction of heat from geothermal reservoir. But
there is no general agreement on the temperature ranges
used and Classification of a geothermal resource by its
reservoir fluid temperature is ambiguous [12].

Unfortunately, almost all of geothermal classifications
and terminologies do not encompass both geology and
temperature. In this paper we will propose a combinatio-
nal terminology for geothermal systems that cover both
of geology and temperature which are related to them.
For this reason first we will briefly explain the geology
of geothermal systems, then we will classify them on
basis of their geological settings. Later, we will review
some of classifications of geothermal systems based on
their temperature and choose one of them. Then, we pro-
pose a combinational terminology for geothermal sys-
tems. Finally, we will term Berlin geothermal field by
this methodology as a case study.

2. Geology of Geothermal Systems

Geothermal field is defined geographically, usually indi-
cating an area of geothermal activity on the surface of the
earth. In cases which there is no surface activity, this
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term may be used to indicate the area at the surface cor-
responding to the geothermal reservoir below. Geother-
mal system refers to all parts of the hydrological system
involved, including the recharge zone, all subsurface parts
and the outflow of the system. Geothermal reservoir in-
dicates the hot and permeable part of a geothermal sys-
tem that may be directly exploited. For spontaneous dis-
charge to be possible, geothermal reservoirs must also be
pressurized, either artesian or through boiling [4].

A geological setting which a geothermal reservoir is to
be found in it can vary widely. The largest geothermal
fields currently under exploitation occur in rocks that
range from limestone to shale, volcanic rock and granite.
Volcanic rocks are probably the most common single
rock type in which reservoirs occur. Rather than being
identified with a specific lithology, geothermal reservoirs
are more closely associated with heat flow systems [13].
Geothermal systems are commonly associated with areas
of young Tectonism and volcanism (mainly along active
plate margins and interpolate hot spots) than stable cra-
tonic regions [1]. An ideal geothermal system (Figure 1)
would consist of: 1) a large source of heat, 2) a reservoir
which accumulates heat, 3) a barrier (cap rock) to hold
the accumulated heat, and 4) groundwater (working fluid)
for transporting the heat.

3. Classification of Geothermal Resources on
the Bases of Their Nature and Geology

Geothermal systems can be subdivided, based on their
heat transfer regimes and geological settings, into two
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broad categories: 1) Convective Systems, 2) Conductive
Systems [6].

Convective geothermal systems are determined by na-
tural circulation of working fluid [14]. These convective
systems have two basic classes’ convective systems de-
pending on the source of the thermal energy: volcanic
and non-volcanic. A volcanic convective system drives
its thermal energy from a convecting magma body [7].
The heat sources for such systems are hot intrusions or
magma. They are most often situated inside, or close to,
volcanic complexes such as calderas, most of them at
plate boundaries but some in hot spot areas. Permeable
fractures and fault zones mostly control the flow of water
in volcanic systems [4]. A non-volcanic convective sys-
tem drives its thermal energy from meteoric water that
has heated up by deep circulation in high heat flow areas
of the earth; there is no magma body associated with
such a system [7].

Conductive geothermal systems can be characterized
by a thermal regime due to conduction alone. The work-
ing fluid can be present or should be supplied in these
systems. Convective circulation is prohibited because of
low temperature contrast or low permeability [14]. There
are three classes in these systems: 1) Sedimentary sys-
tems, 2) Geo-pressured systems, 3) Hot dry rock (HDR)
or enhanced (engineered) geothermal systems (EGS).

Sedimentary systems could be found in many of the
major sedimentary basins of the world. These systems
become to existence because of the occurrence of per-
meable sedimentary layers at great depths (>1 km) and
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Figure 1. A conceptual model of an ideal geothermal system [1].
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above average geothermal gradients (>30°C/km) (Figure
2). These systems are conductive in nature rather than
convective, even though fractures and faults play a role
in some cases [4]. The sedimentary systems could be
seen in the Madison Formation of North Dakota, South
Dakota, Montana and Wyoming area of the northern
United States and the Pannonian Basin of central Europe
where it has been used extensively in Hungary [15].

Geo-pressured systems occur in basin environments
where deeply buried fluids contained in permeable sedi-
mentary rocks which are warmed in a normal or en-
hanced geothermal gradient by their great burial depth.
The fluids are tightly confined by surrounding imperme-
able rock and their pressure is much greater than hydro-
static [15].

Hot dry rock (HDR) or enhanced (engineered) geother-
mal systems (EGS) are volumes of rock that have been
heated up by volcanism or abnormally high heat flow.
They have low permeability or are virtually impermeable.
Therefore, they cannot be exploited easily. An EGS is de-
fined as a man-made reservoir which created by artificial
fracturing of impermeable or very low permeable rock
through wells. Our classification based on heat transfer
regimes and geological settings is summarized in Table
1.

4. Classification on the Bases of
Temperature and Thermodynamic

Another important issue in assessing and terminology of
geothermal systems is temperature properties of geother-

Recharge

Geothermal wells

mal reservoir. So it must have a key role in classification
of geothermal systems.

Geothermal systems and reservoirs can be classified
on the basis of their temperature into two, three or more
classes. In each case the temperature/enthalpy boundaries
are significant in either a thermodynamic or an economic
utilization context [3] (Figure 3). For example geother-
mal systems and reservoirs are classified on the basis of
their enthalpy into Low-enthalpy geothermal systems and
High-enthalpy geothermal systems. Low-enthalpy geo-
thermal systems which their reservoir fluid enthalpies are
less than 800 kJ/kg and corresponding to temperatures
less than about 190°C. High-enthalpy geothermal sys-
tems which their reservoir fluid enthalpies are greater
than 800 kJ/kg [17]. And in USGS assessments, geo-
thermal systems are divided into three temperature classes:
low-temperature (<90°C), moderate-temperature (90°C to
150°C), and high-temperature (>150°C) [5,11,18]. There
is another classification that has proposed by Lee (2001).
He has proposed that geothermal resources can be classi-
fied as low, medium and high quality resources with ref-
erence to their specific energy indices.

Sanyal (2005) has proposed a classification in which
geothermal resources can be classified into seven catego-
ries based on temperature: non-electrical grade (<100°C),
very low temperature (100°C to <150°C), low tempera-
ture (150°C to 190°C), moderate temperature (190°C to
<230°C), high temperature (230°C to <300°C), ultrahigh
temperature (>300°C), and steam fields (approximately
240°C with steam as the only mobile phase).
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Figure 2. Sedimentary geothermal system [16].

Table 1. Geothermal resource types.

According to heat transfer regimes Convective
Volcanic
According to geological settings
Non-Volcanic

Conductive
Sedimentary systems
Geo-pressured systems

HDR or EGS systems
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Figure 3. Classifications of geothermal resources by temperature [3].

Here we will use Synal’s classification in our combi-
national terminology because temperature ranges are
smaller and also this classification is based not only on
temperature but also according to a set of additional attri-
butes that are important for practical utilization of geo-
thermal energy.

5. Combinational Terminology for
Geothermal Resources

Unfortunately most of current classifications that are
used for geothermal systems are not complete. So a com-
binational terminology from geological and temperature
based classifications can be more complete. This termi-
nology can explain all geological situations, temperature
and physical state of geothermal reservoir altogether. At
the beginning, we have to determine classes of a geother-
mal system according to its temperature and geological
setting. The physical state of the fluid that exists in it
should be determined, too. According to geological set-
tings, in combinational terminology (from left to right),
the class of geothermal resource’s name from Table 1
would be placed at first, then the physical state of reser-
voir (Liquid-dominated or Two-phase or Vapor-domina-
ted) would be written and finally the class of the geother-
mal reservoir which is related to its temperature from last
column in Figure 3, is written (Figure 4).

Suppose that there is a volcanic geothermal system
and is vapor-dominated and the temperature of its reser-
voir is about 260°C. According to the combinational ter-
minology we can call it as: volcanic vapor-dominated
high temperature geothermal system. It is clear that this

Copyright © 2013 SciRes.
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Figure 4. combinational term for geothermal resources.

name encompasses geology, physical state and tempera-
ture of this geothermal system and can be a good defini-
tion for this geothermal system.

This terminology encompasses both the fundamentally
geological nature of geothermal resources and almost the
practical technological and economic aspects of resource
exploitation while remaining understandable to the broad
community of non-experts and experts.

6. Case study: Berlin Geothermal Field, El
Salvador

The Berlin geothermal field is one of the geothermal
fields in El Salvador. It is located 110 km east of San
Salvador, the capital City, in the District of Usulutan,
near Berlin City. This geothermal field is located on the
northern flank of the Berlin-Tecapa volcanic complex,
inside a system of faults in the southern part of the east-
west oriented Central American graben. The Berlin-Te-
capa volcanic complex is formed by the caldera of the
Berlin strata volcano, and composed of a series of peri-
pheral volcanic cones that expelled andesitic lava and
scoria that emerged around the craters in the southeast
part of the old Berlin volcano caldera [19]. According to
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Table 2. Classification of Berlin geothermal system by different methods.

Classification

Class

Geology
Physical state of water
USGS (1987)
Enthalpy [17]
Sanyal (2005)

Combinational terminology

Volcanic geothermal system
Liquid-dominated geothermal system
High temperature geothermal system

High enthalpy geothermal system

High temperature geothermal system

Volcanic liquid dominated high temperature geothermal system

available information, the field’s heat resource is located
underneath the Berlin caldera with an up flow coming
from the south part of the caldera; the hot fluid flows
laterally north/northeast along the graben faults. The Ber-
lin geothermal field is a liquid-dominated system with
temperatures in the range of 280°C - 300°C according to
measured temperatures in the production wells. The en-
thalpy varies from 1200 to 1400 kJ/kg, with a steam frac-
tion of 20% - 30% at 11.5 bars, a separation pressure.
The production wells in the Berlin geothermal field have
been drilled to a depth between 1000 and 2600 m, and
the reinjection wells to a depth of 500 - 2500 m. The
elevation of the Berlin geothermal field ranges between
445 m a.s.l. in the reinjection area and 1080 m a.s.l. in
the production area [20]. So by this information and ac-
cording to this paper, we can classify Berlin geothermal
system (Table 2). So according to combinational termi-
nology, we can call Berlin geothermal system as a vol-
canic liquid dominated high temperature geothermal sys-
tem. This name can explain the Berlin geothermal field,
briefly and encompasses geology, physical state and tem-
perature of this geothermal system which are important
in assessing it.

7. Conclusion

Terminology of a geothermal system is very important in
assessment of geothermal resources. The terminology
must be understandable and reflects geology and econo-
mical aspect of the geothermal system. Temperature has
a key role in economy of geothermal resources. There-
fore, it is used for classification and terminology of geo-
thermal systems. Current terms and classifications which
are used for geothermal systems are not comprehensive
and so not encompass geology and temperature of geo-
thermal resources. So a combinational terminology can
be a good substitute for them. This new terminology con-
stitutes from three parts, from left to right, geological
class of geothermal system (from Table 1), physical state
of pore water in reservoir, and temperature class of geo-
thermal system (from Figure 3). This terminology looks
more comprehensive.

Copyright © 2013 SciRes.
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