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ABSTRACT

A steady increase in the use of shallow geothermal energy can be
observed worldwide in past years. In order to highlight the necessity of a
specific detailed legal framework for shallow geothermal energy systems,
an overview of the current legal framework in Spain is carried out in this
paper. Findings show complex legislation at the national level and a high
diversity among regional governments in Spain. There is no legally
binding definition of shallow geothermal energy resources and the deep
geothermal approach of the past is embedded in the legislation inherited
from 40 years ago. In consequence, the lack of specific legislation makes
the licensing process of systems an effective barrier for the further
development of the market, thus indicating the need for a common
approach. This work highlights the need for a shallow geothermal energy
management framework structure and a governance model based on an
adaptive management approach, including both management planning
and implementation as well as control cycles.
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ABBREVIATIONS

GSHP, ground source heat pump; GWHPs, groundwater heat pump
systems; BHE, borehole heat exchangers

INTRODUCTION

The use of shallow underground areas up to 400 m below the ground
surface as a heat source/sink reservoir has been revealed as a promising
measure for saving energy. A combination of borehole heat exchangers
(BHE) and heat pumps, known as geothermal heat pump systems, is
nowadays used in residential houses and building blocks to
extract/dissipate heat into the subsurface for indoor air conditioning and
heating. The energy transferred using these systems is referred to as
shallow geothermal energy. Heat exchangers can be buried underground
and can circulate a water antifreeze solution through the inside of the
pipe network, transferring heat from the ground to the heat pump or,
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alternatively, groundwater can be pumped from underground and
circulated through a liquid-liquid heat exchanger situated on the surface.
The first approach results in shallow geothermal energy systems known
as closed-loop systems (or ground source heat pump, GSHP) and the
second in open loop systems (or groundwater heat pump systems,
GWHPs). When seasonal offsets between thermal energy demand and
supply are considered, Underground Thermal Energy Storage (UTES)
technology has been of great success using open-loop systems (referred to
as Aquifer Thermal Energy Storage (ATES)) or closed-loop systems
(referred to as Borehole Thermal Energy Storage (BTES)) [1].

The use of shallow geothermal energy systems for heating or cooling
purposes is experiencing explosive growth worldwide. Between 2010 and
2015, the world’s total installed capacity of geothermal heat pumps
increased at an annual rate of 13.2% up to 50,258 MWt total capacity,
with an annual energy use of 326,848 TJ/year [2]. The equivalent number
of installed 12 kW units is approximately 4.19 million, which represents a
52% increase over the number of installed units in 2010 [2]. This could be
explained by different factors. For example, it could be explained by the
partial substitution for fossil fuel energy by increasing the overall
efficiency of thermal power plants [3] as one of many promising
measures to reduce fossil fuel use, thus resulting in energy safety and
price independence. The energy efficiency of geothermal heat pumps is
about 50% to 70% higher than that of conventional heating systems, and
20% to 40% better than that of available air conditioners [4]. Recent
developments are also motivated by global warming. The climate change
mitigation possibilities of these systems have been proven. For example,
in 2008, the use of around 879,000 shallow geothermal energy heat pump
systems in nineteen European countries saved 3.7 x 10° t CO; (eq.) in
comparison to conventional heating practices [5]. The fact that this
particular application of geothermal energy can be installed anywhere
with no specific geological requirements (in the case of GSHP systems)
has made people aware of the technical, environmental, and economic
advantages of geothermal heat pumps [6].

The legal framework for the regulation of shallow geothermal energy
systems in countries around the world is still under development. The
literature shows the diversity of approaches to the use of shallow
geothermal energy throughout the world [7-9], including that it is
regulated more heavily in European countries due to the fact that
shallow geothermal energy is commonly used there [10]. In other
countries, either deep geothermal energy is more commonly used or the
standards are weak and partially vague. Some common approaches
consider establishing a minimum distance of between 2.5 (Austria) and
10 m (Finland and Sweden) from the closed geothermal systems to the
property lines [11]. In open geothermal systems, threshold values
between 15 and 25 °C for cooling and between 2 and 5 °C for heating the
groundwater have been proposed [12,13]. There is no common approach
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defining threshold values but a high variability of values that also seem
to be empirically defined rather than scientifically evaluated [7,13]. In
Spain, there is a lack of a clear legal framework on shallow geothermal
energy systems because no statutes, regulations or ordinances exist [7,9].
Previous studies suggest [8] that the general regulations (not specific to
shallow geothermal energy) are limited to specifications in technical
codes and regulations to indicate that these systems could be considered
as possible solutions for the reduction of the energy demand in buildings,
which will in turn save energy. Finally, a review of the legal framework
for shallow geothermal energy in selected European countries concluded
that there is no common overall specific permitting procedures and
regulations for shallow geothermal energy systems in Spain [13]. The
objective of this paper is to provide an outlook of the limited legal
framework in Spain in relation to shallow geothermal energy systems in
order to promote further development of a national market. In the end,
this will contribute to the increase of renewable energy use that society is
seeking to achieve sustainable energy production in a global warming
framework.

SHALLOW GEOTHERMAL ENERGY DEFINITION

According to the Spanish National Geothermal Platform [14], shallow
geothermal energy is defined as the energy stored as heat in the first
250 m below the surface. The associated geothermal energy resources are
considered to rely on the temperature of the solid phase of the geological
media and the groundwater within, showing temperatures below 30 °C,
and usually around the mean annual surface temperature of the site
considered. This definition is presented by the Spanish National
Geothermal Platform, a national level cluster of stakeholders involved in
this sector, including industry, scientific researchers and governmental
authorities. No legally binding definition is available in Spain.

TECHNICAL GUIDELINES FOR GOOD PRACTICES

A first guide titled “Materials Guide for the design, implementation
and monitoring of closed geothermal systems” [15] describes the
procedures to design, plan, and install closed loop vertical geothermal
heat exchangers. The purpose of this standard is to define and promote
the appropriate installation of geothermal interconnection systems for
vertical closed-circuit heating, cooling and sanitary hot water production,
thus guaranteeing the energy efficiency of the installations as a whole. It
also takes into account the technical requirements of the collection and
its integration with the heating system, refrigeration system and
generation of sanitary water and/or water for industrial uses.

A second guide titled “Technical guide for the design of geothermal
heat pump systems” [16] intends to set the minimum technical conditions
required for closed loop geothermal systems used for space
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heating/cooling and sanitary hot water production, specifying the design,
installation and maintenance requirements.

REGULATIONS ON USE OF SHALLOW GEOTHERMAL ENERGY

Spain specifically regulates neither the installation nor the operation
of the systems of shallow geothermal energy resources exploitation.
Shallow geothermal energy exploitation falls within a complex legal
framework (Figure 1) where two main dimensions of complexity can be
found:

(1) The multidisciplinary nature of the activities involved (geological
energy resources, heating/cooling facilities and environmental
concerns), which are affected by four previously existing Acts that do
not consider this technology, and

(2) In Spain, the legal competences of mining, environmental impact
assessment and water have been transferred from the national level
to a regional level.
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Figure 1. Flowchart showing procedures and regulations for assessing applications and granting licenses
on shallow geothermal energy.
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At the national level (Table 1), the Mines Act (L22/1973) and the
associated Regulations (RD2857/1978, RD863/1985) define the legal
concepts of geothermal energy resources and thermal waters. Deep and
shallow geothermal energy resources are not differentiated, but a
potential future definition is considered, thus requiring a proposal of the
Energy and Mining Ministry with the endorsement of a previous report
elaborated by the Geological Survey of Spain. In general, electricity
production and direct use of geothermal energy resources are subject to
obtaining exploration and investigation permits and a license approval.
The license is granted for 30 years. However, the Mining Act does not
apply to geothermal installations where the resources extracted are used
for the owner’s own interest and mining methods are not used for
exploitation. If thermal waters (groundwater with a temperature value of
4 °C above the mean annual surface temperature of the site) are used for
space heating/cooling and the exploitation exceeds 500 th/h (581 kWh),
the installation will then require the aforementioned permits and
licensing. In conclusion, ordinary shallow geothermal energy
installations are not affected by this law, as it is only applied when
thermal waters are used, and thermal waters use would be an exception.
At the regional level (Table 1), regional authorities are allowed to
complement the National Basic Act. Nevertheless, only the region of
Galicia has its own Mining Act and it does not distinguish further among
geothermal energy resources.

Table 1. Documents conforming the legal framework for the use of shallow geothermal energy.

Regulation Character of
levels Legal documents documents
National Mines Act (1.22/1973, L54/1980) [17,18] Obligatory
National = Regulations under Mines Act (RD2857/1978, RD863/1985) [19] Obligatory
National Guide for the design, implementation and monitoring of close geothermal systems (UNE100715-1) Recommended
[15]
National  Technical guide for the design of geothermal heat pump systems (ATECYR-IDAE) [16] Recommended
T Technical Building Code (CTE) and Regulation for Thermal Installations in Buildings (RITE, Obligatory
RD238/2013) [20]
National = Environmental Impact Assessment Act (RDL1/2008, L6/2010, L21/2013) [21-23] Obligatory
National = Regulations under the Environmental Impact Assessment Act (RD1131/1988) [24] Obligatory
National = Water Act (RDL1/2001) [25] Obligatory
National = Regulations under the Water Act (RD849/1986, RD 638/2016) [26,27] Obligatory
. Environmental Protection Acts for the Andalucia, Aragon, Cantabria, and Illes Balears regions Obligatory
Regional (L7/2007, L11/2014, L17/2006, L16/2015, Ley 12/2016) [28-32]
Regional  Mines Act for the Galicia region (L.3/2008) [33] Obligatory
Regional River basin management plans of the Duero, Ebro, Mifio-Sil, and Tajo catchments and the Obligatory
Cantabria Domain (RD1/2016) [34]
Local Municipal Ordinance regulating drilling permits (Ordenanza Municipal de Medios de Intervencién Obligatory
en la Actividad Urbanistica, 2011) [35]
Local Technical guide for the design of geothermal heat pump systems (ATECYR-IDAE) [16] Obligatory
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At a national level, the Environmental Impact Assessment Act
(RDL1/2008) and the associated Regulations (L6/2010, L.9/2006) consider
heat as a contaminant and suggest that environmental impact assessment
and monitoring should be potentially required. However, there are no
unified criteria to determine which geothermal systems would be
affected by this Act. At a regional scale, only the regions of Andalucia
(Figure 2A1), Aragon (Figure 2A2), Cantabria (Figure 2A3) and Illes
Balears (Figure 2A4) have delimited depths where environmental impact
assessment is mandatory (500, 500, 100 and 400 m, respectively). This
indicates that environment impact assessment is not generally
mandatory for shallow geothermal energy systems.

The national Water Act (RDL1/2001) regulates the thermal discharges
of GWHP systems, forcing the users to obtain a license for the volume of
groundwater extracted and reinjected into the aquifer (water concession),
as well as a discharge authorization. The thermal discharge authorization
requires a hydrogeological study and an environmental impact
assessment, including potential impacts to the environment and potential
thermal impacts to other users of shallow geothermal energy systems.
Closed systems are generally excluded from these assessments. At a
regional level, the Hydrographic Confederations (competent authorities)
of the Duero (Figure 2B1), Ebro (Figure 2B2), Mifio-Sil (Figure 2B3), and
Tajo (Figure 2B4) catchments and the Cantabrica Domain (Figure 2B5)
have introduced different considerations in their respective River Basin
Management Plans (RD1/2016) to maintain good thermal quality of their
groundwater bodies, including maximum relative temperature change
values between captation and injection wells (6 to 8 °C) and maximum
temperature thresholds (30 °C).

A Autonomous Communities of Spain B Hydrographic Demarcations of Spain

200 km A " 200 km '
— . .(. } — 0( }

Figure 2. (A) Spanish Autonomous Communities. The Autonomous Communities of Andalucia (1), Aragén
(2), Cantabria (3) and Illes Balears (4), where environmental impact assessment is mandatory for given
drilling depths are highlighted in green. (B) Spanish Hydrographic Demarcations. Hydrographic
Demarcations of the Duero (1), Ebro (2), Mifio-Sil (3), and Tajo (4) catchments and the Cantabrica Domain
(5), where requirements related to the maintenance of good thermal quality of groundwater bodies have
been adopted, are highlighted in blue. Base maps were obtained from the Spanish Ministry for the

Ecological Transition.
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Finally, the efficiency, safety, control and responsibilities of the
shallow geothermal energy facilities (from an engineering perspective)
are regulated by the Technical Building Code (CTE) and the Regulation for
Thermal Installations in Buildings (RITE, RD238/2013) promulgated by
the Ministry of Industry. These documents describe the requirements to
design the installation project, the execution of the works and the
legalization procedure.

APPLICATION FOR SHALLOW GEOTHERMAL ENERGY SYSTEM
INSTALLATIONS AND LICENSING

There is no specific form or protocol in order to obtain an exploitation
license for shallow geothermal energy systems in Spain. The permits
required to operate a shallow geothermal energy system are indirectly
related to the infrastructure required for its operation and interaction
with the environment. For example, any thermal installation for space
heating/cooling in Spain is considered to be part of the building process
and is regulated by the Technical Building Code (CTE) and the Regulation
for Thermal Installations in Buildings (RITE) document. Both legal
instruments are approved by the Industry Ministry of Spain and provide
the requirements necessary to fulfil the acceptable conditions for the
thermal installation. In an initial phase, the RITE regulation document
requires the preparation of a supporting document where the thermal
system chosen is justified according to the building demand and
objectives. In a second phase, the thermal system is installed and the
potential modifications from the initial design are reported to the
industrial authorities. After that, the authorities revise the
documentation and perform a site inspection to ensure RITE
requirements are fulfilled. If the requirements are met, then the
authorities issue a favorable report, thus legalizing the thermal system.

Shallow geothermal energy resources are not legally differentiated
from deep geothermal energy resources in Spain. Therefore, those
resources are protected and regulated by the mining authority. The
National Mining Act only requires a geothermal energy resources
exploitation license for non-domestic systems (large systems), and
exclusively when mining methods are used during the exploitation phase
of the resource, and thus does not apply to shallow geothermal energy
systems where drilling methods are only applied for the exploitation
infrastructure (BHE or deep wells) before exploiting the resource itself.
Nevertheless, the mining authority requires a drilling project that
complies mining safety features required for shallow geothermal energy
systems. Once approved, permits and licenses from the relevant local
authority are required in most regions. If thermal waters are exploited by
shallow geothermal energy systems, then the approval of a full
exploitation plan, which is complex and very time-consuming to prepare,
is required.
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The environmental authority will not require a mandatory
Environmental Impact Assessment (EIA) when drilling is shallower than
100 to 500 m, depending on the region of Spain. An EIA is mandatory for
deep geothermal exploitation or when stimulated geothermal techniques
are applied. In general terms, the Environmental authority will make a
case-by-case decision. Depending on this decision, no EIA will be required,
but only a simplified (3 months extendable up to 6 months) or ordinary
EIA will be requested (19 months extendable up to 21 months).

In addition to all these permits and licenses, if a GWHP system is
considered, obtaining different additional authorizations from the water
authorities is required. When pumped groundwater exceeds
7000 m®/year, a water concession is required. If heated/cooled
groundwater is reinjected into the aquifer, then a thermal discharge
authorization is required, together with a hydrogeological study
assessing the thermal impact caused to other GWHP systems’ users as
well as the potential geochemical impacts. Different regional water
authorities have their own sustainability threshold values for
characteristics such as maximum injection temperatures and relative
extraction/injection temperature changes. The Geological Survey of Spain
has a role in the monitoring of environmental impacts and in controlling
system exploitation regimes, in the identification of thermal
interferences between systems and in the proposal of sustainability
thresholds [36].

SPECIAL REQUIREMENTS FOR INSTALLATION AND OPERATION OF
SHALLOW GEOTHERMAL ENERGY SYSTEMS

In Spain, an Environmental Impact Assessment is only required by the
Environmental Authority when drilling exceeds 500 m in depth. The
National legal framework does not set a depth threshold value and this
responsibility is passed to the regional authorities. In pioneer areas like
the city of Zaragoza, GWHP systems are allowed to inject pumped
groundwater with temperatures up to 30 °C calculated as an equivalent
daily value integrating the total energy dissipated during the daily
activity. An 8 °C relative temperature change is allowed between the
extraction and injection wells of a GWHP system. In addition,
installations of more than 200 kKW are continuously monitored, and
15-minutal datasets of injection/captation temperatures and flow rates
must be reported to the water authority.

The decommissioning of operational boreholes is only regulated by
the Water Act when they affect the Hydraulic Public Domain (RD849/1986)
but there is not a specific protocol [37]. The Mining Act also enforces the
re-establishment of natural conditions once the exploitation has finished.
No specific regulations for shallow geothermal energy systems are
considered by law.

There is no general legal requirement for reporting the operational
regime of a shallow geothermal energy system to the authorities. In
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case-to-case situations, the authorities have the right to demand such
reports when preventing overexploitation or environmental damage is a
consideration. In the pilot area of Zaragoza City, the local water authority
requires users to report 15-min measurements on captation and injection
temperatures as well as the pumping rates for GWHP systems.

Further legislative development in Spain seems to require a national
scale framework establishing the need for defining specific minimum
requirements for the different regional and local authorities. First, a
shallow geothermal energy management framework structure and a
governance model would be desirable. They should be based on an
adaptive management approach that includes management planning and
both implementation and control cycles. Among other things, it would be
necessary to demand the establishment of an inventory of shallow
geothermal energy systems, with the objective of defining thermal
protection perimeters [38,39] around geothermal installations and to
implement them in GIS-Based Software Platforms. This would allow an
installed power threshold value (e.g., 50 kW) to be defined as a criterion
to perform a simplified or regular licensing procedure that would assess
if a complete environmental impact analysis is required. The 50 kW
threshold value is based on the typical shifting capacity value from
residential/domestic systems to commercial and public sector
systems [40].

A special characteristic of Spain is its climate. According to the Spanish
State Meteorological Agency, the average air annual temperature in
Spain is 15.1 °C (1981-2010) and increasing [41], which is relatively
higher than that of the rest of the northern European countries. The
implication of this characteristic is basically that the cooling demand is
higher than the heating demand, thus making it necessary to impose a
relatively high injecting temperature limit of 30 °C or higher, considering
the equivalent daily injection temperature obtained from the integration
of the energy transferred to the subsurface for each day of operation and
not from punctual measurements [42]. Threshold values for urban areas
where shallow geothermal energy systems are concentrated should be
differentiated from non-urban ones, i.e, areas where thermal
interference is negligible due to the lack of installations or the several
kilometer distances between systems. In addition, environmental
constraints on maximum injection temperatures in Mediterranean areas
are yet to be investigated [43-46].

CONCLUSIONS

In summary, the Spanish legal framework does not directly
differentiate shallow geothermal energy resources from general
geothermal energy resources, but does so indirectly by delimitating
operation depths (100-500 m) at a regional level, where regulations
enforce licensing and environmental impact assessment protocols for
deep geothermal systems. These regulations thus indirectly define
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shallow geothermal energy resources that are not regulated in general.
Requirements similar to those that apply to deep geothermal systems are
only applied to open systems if shallow geothermal energy systems are
using shallow groundwater, however, leaving closed loop systems
without any kind of regulation in most regions of Spain.

There is sound evidence that a specific legal framework should be
elaborated. Shallow geothermal energy should be defined in the Mining
Act, including a depth threshold of 400 m for domestic heating and
cooling. Drilling technology up to 400 m does not pose a risk to the
environment. Systems with an installed power below 50 kW should be
offered a simplified procedure including essential information. From 50
to 200 kW, an extended project report would be advisable that should
include a hydrogeological report assessing thermal interferences and the
possible interaction with contaminated groundwaters. Systems exceeding
200 kW and those designed for district heating in urban environments
should be required to perform an exhaustive EIA and to be monitored
and to be kept under surveillance by the environmental authorities or
water authorities when groundwater is involved in the exploiting process.
Coordination efforts between authorities should be made to organize the
process in a way that allows the users to perceive the license process as a
single application.

Any effort for the economical promotion of shallow geothermal
energy exploitation as an environmentally friendly and economically
efficient technology is futile if a reliable, simple and fast legal procedure,
specifically developed for shallow geothermal energy systems, is not
offered to potential users.
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