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A B S T R A C T

In this paper we present results of a global resource assessment for geothermal energy within deep aquifers for
direct heat utilization. Greenhouse heating, spatial heating, and spatial cooling are considered in this assessment.
We derive subsurface temperatures from geophysical data and apply a volumetric heat-in-place method to im-
prove current global geothermal resource base estimates for direct heat applications. The amount of thermal
energy stored within aquifers depends on the Earth's heat flow, aquifer volume, and thermal properties. We
assess the thermal energy available by estimating subsurface temperatures up to a depth of three kilometer
depending on aquifer thickness. The distribution of geothermal resources is displayed in a series of maps and the
depth of the minimum production temperature is used as an indicator of performance and technical feasibility.
Suitable aquifers underlay 16% of the Earth's land surface and store an estimated 4·105 to 5·106 EJ that could
theoretically be used for direct heat applications. Even with a conservative recovery factor of 1% and an assumed
lifetime of 30 years, the annual recoverable geothermal energy is in the same order as the world final energy
consumption of 363.5 EJ yr−1. Although the amount of geothermal energy stored in aquifers is vast, geothermal
direct heat applications are currently underdeveloped with less than one thousandth of their technical potential
used.

1. Introduction

1.1. Background

Geothermal energy is heat that is stored in the subsurface and is a
renewable resource that can be sustainably exploited. Humans have had
a long history of using geothermal energy for heating, cooking, and
bathing [1,2]. In 1904, in the Lardarello area in Tuscany, Italy, the
beginning of a new geothermal era was marked by the first successful
attempt to power a light bulb with electricity converted from geo-
thermal heat (e.g. [2,3]). Today, electricity forms an essential part of
modern life, but it is often overlooked that heat production accounts for
more than half of the world final energy consumption [4]. Three
quarters of this heat demand is currently met by fossil fuels [4], causing
a significant impact on climate and environment [5].

1.2. Rationale and structure of the review

The key objective of this paper is to give an overview of low-en-
thalpy < °( 150 C) geothermal heat available in sedimentary aquifers
suitable for direct utilization. An overview of the literature is given in
Section 2, where we discuss geothermal energy in sedimentary aquifers,
geothermal potential, production, installed capacity, and resource as-
sessments. In Section 3, we present our global assessment of the geo-
thermal resource base for direct heat. To quantify technical and theo-
retical potential, we apply a volumetric heat-in-place method. We
explain how aquifer volume is derived and how associated subsurface
temperatures are calculated using global geological and geophysical
data sets. We estimate the geothermal potential for generalized direct
heat and for common applications including greenhouse heating, spa-
tial heating, and spatial cooling. We present our results in a series of
maps that are made available online via a webGIS viewer: http://
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