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a b s t r a c t

This work presents the results of a regional-scale estimation of low-enthalpy geothermal resources for
district heating in the Santiago basin. The purpose of this work is to identify promising areas for the
development of this type of renewable energy. The estimation was based on comparison of soil thermal
properties and hydrogeological parameters, using Geographic Information System (GIS). To determine
the geothermal potential, Ground Source Heat Exchanger (GSHE) coupled with heat pump was used to
supply a fixed demand equivalent to the energy required to heat a Chilean standard house. The main
barrier for the implementation of a GSHE coupled with heat pump is the well drilling cost, therefore the
potential is presented as meters to be drilled in order to install 2 types of GSHE: 1) Borehole Heat
Exchanger (BHE) and 2) Groundwater Heat Exchanger (GWHE). To assess the BHE, we used specific Heat
Extraction (sHE) of sediments. To evaluate a GWHE, we used depth of groundwater table and ground-
water drawdown caused by pumping water to the heat pump. The depth to be drilled ranges from 35 to
105 m in case of the BHE, while in case of the GWHE it ranges from 10 to 400 m.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The soil naturally stores atmospheric heat in addition to the heat
flow coming up towards the ground from the basement rock.
Because of the low thermal conductivity of the soil, temperature is
not subject to daily and seasonal atmosphere variations at mod-
erate depths, remaining almost constant throughout the year at
depths less than 15 m [e.g. Ref. [1]]. Thermal energy stored in the
ground can be extracted using a Ground Source Heat Exchanger
(GSHE) that uses the heat stored in ground and groundwater to
increases the efficiency of a heat pump that supplements the en-
ergy needed for heating or cooling a space [2].

GSHE coupled with heat pump is a widespread type of accli-
matization system, because it can be used for heating or cooling
and can be developed anywhere and anytime with a very low
environmental impact [3]. By 2010, GSHE coupled with a heat

pump accounted for 68.3% and 47.2% of the worldwide capacity and
usage of direct uses of geothermal energy, respectively. The
installed capacity was 33,134 MWt and the annual energy usage
was 200,149 TJ/yr, with a capacity factor of 0.19 for heating [4].

In order to evaluate the favorability for installing GSHE coupled
with heat pump in Santiago basin for heating purposes, a number of
maps were prepared to identify promising areas for the develop-
ment of this type of acclimatization. Two different types of GSHE
were considered for this purpose, a closed system, hereafter called
Borehole Heat Exchanger (BHE), and an open system, hereafter
called Groundwater Heat Exchanger (GWHE). BHE is the most
common type of GSHE, which consist of a U-shape pipe, usually
made of high-density polyethylene, which are inserted in vertical
boreholes. A fluid, generally water or sometimes with antifreeze,
circulates through the pipe exchanging heat with the ground [2,3].
Depth of the BHE depends on thermal properties andwater content
of the soil and velocity of the groundwater flow. To heat a house
with a BHE, its depth generally ranges between tens to few hun-
dreds of meters [e.g. Refs. [5,6]]. GWHE is another common type of
GSHE, which consist of extracting groundwater to exchange heat
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between the groundwater and the heat pump. The extracted water
can be used or re-injected into the aquifer [2,3]. The depth of GWHE
depends on groundwater table depth, its variability with time and
the drawdown depth of the extraction well, which depends on the
pumping rate of groundwater. A case study with detailed evalua-
tion of a GWHE was presented by Ref. [7].

In Chile, use of GSHE coupled with a heat pump is very limited
due to the lack of information about the advantages offered by
these systems and their high initial cost due to drilling. High dril-
ling cost may be due to an oversized design of the GSHE, because
lack of reliable subsurface information.

The present work aims at finding the promising areas in the
Santiago basin for the implementation of direct use of low-enthalpy
geothermal energy for heating purposes, using stratigraphy and
groundwater data. It will finally delimitate those areas where direct
use of low-enthalpy geothermal energy could be an environment
friendly choice heating systems.

2. Study area and geological context

The study area is Santiago basin of the Metropolitan Region in
central Chile, which has more than 6.5 million inhabitants that
represent ca. 40% of Chilean population (XVIII Chilean Census,
2012). Santiago basin is located between the Main Andean Range
and Coastal Range (Fig. 1). According to [8], based on [9] classifi-
cation, climate of Santiago is Subtropical Tempered with Dry and
Warm Summer. The annual mean temperature is 13.6 �C ranging
from 0 �C in winter to 34 �C in summer [10]. The average annual

rainfall is about 300mm per year, concentratedmainly fromMay to
August.

The Coastal Range (Cordillera de la Costa) is located west of the
Santiago basin and is composed mainly by Cretaceous volcanic
rocks and Jurassic to Cretaceous intrusive rocks [11e13]. Main An-
dean Range (Cordillera Principal) located east of Santiago basin
corresponds mainly to Eocene to Miocene volcanic rocks and
Miocene to Oligocene intrusive rocks [14,12,15,13].

The main active fault system in the basin is the reverse west
verging San Ram�on Fault System, which is responsible for the uplift
along its hanging wall, Main Andean Range, with respect to the
Santiago basin [16,17]. Close to the trace of this fault system, there
are warm springs, with discharge temperatures ranging from 20 to
30 �C (Fig. 1). In addition, there are also some faults in the center of
the basin interpreted as normal faults, which have been inverted
[18,19]. There are also normal faults oriented northeast and
northwest, in the Coastal Range [20,21].

3. Methodology

In order to find themost suitable areas for district heating by the
direct use of low-enthalpy geothermal energy, performance of a
Ground Source Heat Exchanger (GSHE) to supply a fixed energy
demand of 2.7 kW was assessed in the Santiago basin. This energy
demand (2.7 kW) is equivalent to the energy required to heat a
Chilean standard one-story house of 50e71 m2 with appropriate
thermal insulation [22]. Performance of GSHE depends on the soil
thermal properties and physical hydrogeological parameters that

Fig. 1. Location and geological context of the Santiago basin in Central Chile.
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