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Abstract: This article examines the main market barriers that hamper the introduction of geothermal
energy at local, national, and European levels as well as the necessary steps that need to be taken to
eradicate them, thus contributing to the general use of this renewable source of energy. The novelty
of this study lies in the detailed description of four different scenarios: the European Union (EU),
Spain, the Canary Islands, and the agricultural sector for the three types of geothermal energies and
their uses: Low-enthalpy or thermal uses, high-enthalpy or electrical uses and renewable energy
mix. The results are expected to differ in terms of level of introduction, barriers, and measures to
be taken. We have selected Spain within the European context due to its meagre 0.1% geothermal
market share in primary demand for renewable energy, and the Canary Islands in particular, given its
insular nature. We have likewise picked the agricultural sector due to its underdevelopment as far as
renewable energies are concerned, including geothermal energy.

Keywords: geothermal energy; barriers; analysis; energy efficiency; European Union

1. Introduction

Various indicators show that there is still a commitment to subsidize fossil fuels at the expense of
renewable energy and energy efficiency projects, as shown in the results of the Madrid Summit [1–4].
In the case of micro grids, the lack of specific regulation and the fact that it is still a budding technology
renders it a rather costly option as a source of energy, not so much because of technical barriers—even
though this aspect could be improved but due to regulatory, legislative, and economic vacuums [5].

Given today’s increasing demand for energy, a response that deals with a sustainable energy
framework is essential. Many articles raise the question of identifying the actual barriers to the
introduction of renewable energies all over the world. These barriers, however, are expected to
differ according to different types of renewable energy, environment, and sector of activity. As far
as geothermal energy is concerned, despite its all-year-round availability and its independence from
external climatological factors, it is scarcely used both on its own and as an energy mix. Hence, there is
a need to elaborate more specific studies on the barriers that affect it and the actions that need to be
taken to take full advantage of its potential.

One of the main challenges that geothermal energy faces, both for thermal and for electrical uses,
is the ignorance of the general public [6]. In the case of geothermal power generation, the absence of a
favorable regulatory framework results in the complete lack of power plants in Spain despite isolated
entrepreneurial endeavors to establish them [6]. On the other hand, and excluding the barrier of the
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initial investment and the regulations required of high-enthalpy geothermal projects, we would like to
point out that there has been certain improvements regarding knowledge and research of the subsoil
in areas considered potentially favorable in Spain, besides, a greater involvement in the development
of this sector will lead to an increase in projects of this kind [6]. In the case of low-enthalpy geothermal
energy, non-compliance in recent years derives from the fact that it requires a higher initial investment
than that of a conventional plant, and the climate of economic downturn over the last decade has
not helped. However, in the current, more favorable, context in Spain, there are numerous private
initiatives being carried out, especially as far as building renovations are concerned [6].

Considering the substantial technical barriers in the case of micro grids, an implementation of
changes in meters, safety, ground and linking with the existing electricity grid as well as management
of production and consumption and aggregation of new energy sources are seen as necessary at a local
level [5]. As far as geothermal energy in Spain is concerned, working towards not only the introduction
of regulatory actions but also on demonstration programs, knowledge management on geothermal
potentiality, technology development programs aimed at reducing production costs, and increasing
efficiency and developing a training and certification model are viewed as a must [6].

There are numerous references that confirm that the main disadvantage of using renewable
energies stems from adverse climatological factors—rain, sun, wind [7,8]. By contrast, the main
advantage of geothermal energy, both in its isolated form and in the form of an energy mix lies in
its complete year-round availability and the fact that it does not need to oversize the capacity of the
system to compensate for lack of energy. Furthermore, solar and wind energy have a negative impact
on the landscape and farming land. This is not the case of geothermal systems due to its concealed
nature [7,8]. Many articles mention the need to implement renewable energies and improve energy
efficiency in remote areas, such as islands not only from an environmental point of view (CO2 and
greenhouse gases emissions reduction) but also because they have proven to be more profitable than
conventional polluting energy sources, where part of the cost of the bill is often subsidized [1,2,7,8].

It is worth noting that the contribution of renewable resources to the sustainability of energy is
ever more relevant in remote and insular areas [9]. Therefore, the Canary Islands were handpicked for
this study. One of the most recurrent topics in a variety of articles is the importance of implementing
renewable energies at a local level. Unfortunately, European policies show little support on this
matter [10]. There are examples in insular areas, such as the Spanish island of Menorca, of potential
energy self-sufficiency through photovoltaic solar energy, where a geothermal study would be
desirable [2]. In other European islands like Mykonos in Greece, there have been studies on solar and
wind energy production [7]. They are all similar case studies: tourist islands with high electricity and
water consumption in which fuel produced electricity is shared with agriculture and industry [2,8].
Some studies propose the desalination of sea water through renewable energies in insular areas,
again making use of solar and wind resources [8] but with a need to oversize installations in the
absence of such resources. An interesting option would be installing a geothermal line that could
guarantee year-round energy resources without needing to oversize the systems. In fact, in some
studios, the use of geothermal energy for thermal desalination can be justified only in the presence of
cheap geothermal reservoirs or in decentralized applications that focus on small-scale water supplies
in coastal regions, provided that society is able and willing to pay for desalting [11].

The proposal of desalination plants using energy mix is an interesting option for coastal, insular,
or desert areas where water resources are scarce since it would benefit both drinking water consumption
and water destined to irrigation areas, thus helping to develop the agricultural sector in a sustainable
way. Besides, the coupling solar-geothermal in regions with a lot of radiation is a very interesting option
for cogeneration plant based on an Organic Rankine Cycle (ORC), powered by a medium-enthalpy
geothermal resource and a Parabolic Trough Collector solar field [12]. Some studies show the
importance of land management (planning, agriculture, conservation) and geographic studies to
implement energy strategies [13]. Geothermal energy can be put into a myriad of uses and many
have already been studied, though most of them are still in pilot stage—from electricity production to
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urban heating or agricultural applications, such as greenhouse and stockbreeding facilities heating,
besides industrial applications through the use of underground infrastructures, heating for residential
and official buildings and swimming pools, just to name a few.

Economic and environmental analysis of different District Heating systems aided by geothermal
energy were analyzed in a set of buildings located in the province of León in the north of Spain.
Real data comparison of the different scenarios studied revealed the most suitable option from an
economic and environmental point of view was the assumption of a district heating system totally
supplied by geothermal energy clearly stands out from the rest of options [14].

Most case studies around the word relate to domestic and residential uses that use geothermal
heat pumps, although there are endless applications and sectors still to be developed and improved.
In the agricultural sector, for example, the use of geothermal energy in Greece for fruit drying or in
Iceland for cod drying are of interest [13]. In the case of Spain, studies on central heating and sanitary
hot water have been carried out in Madrid, greenhouse heating in Cartagena, Murcia and in the sandy
fields of Dallas in Almeria [15]. Residential examples elsewhere, like the one in Okotoks, Canada [16]
or Crailsheim in Germany, are also worth noting [17], both cases consisting on the hybridization
of solar thermal energy with geothermal energy through a geothermal storage. In a similar way,
an innovative space-conditioning system is proposed, and a life-cycle assessment is presented for
an industrial building. A ground-source heat pump system and an upstream thermal storage are
analyzed to reduce the size of the geothermal installation [18].

Based on the above-mentioned references, it is reasonable to conclude that geothermal energy
has an enormous potential both for small-scale projects like home heating and for greenhouse or
large district heating projects with subsoil thermal energy accumulation capable of supplying thermal
energy to an entire city [19].

Unfortunately, market parameters, such as acceptance from investors, regulatory framework,
planning restrictions, and environmental impact, need to be addressed for this kind of technology to
achieve effective development [19].

Nevertheless, specific studies exploring barriers to the introduction of geothermal energy and/or
geothermal energy mix have not been found, although in some cases they are mentioned as an objective
for exploration [2]. Most of the references consulted are on wind and solar energies [2,20]. There are
some theoretical references in Turkey, where different types of renewable energy were contrasted with
five criteria to be taken into consideration: technical, economic, political, social and environmental.
According to this, geothermal energy gets the highest score [21]. Likewise, six production plants in that
country are analyzed based on a series of criteria: technology and sustainability, economy, quality of
life and socio-economic aspects. Here, geothermal plants rank in the third position.

There exist some investigations that focus on the main barriers and actions needed regarding the
introduction of renewable energies in different uses, contexts, regions, and countries [18]. However,
the novelty of this study resides in the scrutiny of barriers and steps to be taken to introduce an energy
with such a strong potentiality and as little known as geothermal energy.

In other non-detailed studies on renewable energies where northern European countries (from
now on N) are compared with southern European countries (from now on S), it seems like financial
barriers are more significant in the latter due to, among other reasons, little tradition of financial
support for this type of project from legally established cooperatives. It is also due to a lack of local
or municipal initiatives aimed at electricity production, or difficulty to access credits and incentives.
As far as social and cultural barriers are concerned, it seems that lack of environmental awareness in
southern Europe against a history of energy activism in the N has enabled the creation of bioenergy
towns in countries like Germany, thus contributing towards lowering barriers to the introduction of
renewable energies to a greater extent than their southern counterparts [22]. Other studies show that
oil prices and the initial investment needed are significant financial barriers [23].
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In a study of a hybrid project comprising solar, geothermal and wind energies for a greenhouse in
Turkey [24], initial investment as opposed to established heating systems for agriculture and buildings,
appears to be the most relevant barrier”.

However, this study concludes that with enough wind this system is preferable to conventional ones.
Similarly, other studies show that, in some cases, institutions contribute significantly to the energy

mix and energy policies, proving that institutional quality and income resources are of great importance
in the development of renewable energies in any country [25]. As far as cultural and social barriers are
concerned, it is worth noting that in all cases a lack of social acceptance may be a great deterrent to the
achievement of desired targets in Europe [26].

More generic studies on renewable energies [13] consider promotion as a key measure for
development, along with the establishment of national regulations concerning licenses, permits,
and procedures. Renewable energy strategies at the local level based on knowledge, training,
and monitoring are also necessary. Some studies suggest that once the use of a technology is explained,
the intention to use it increases [27]. This is directly linked to the importance of promotion as part
of the effort to introduce new technologies. In articles that analyze the situation of Dutch industrial
companies in terms of implementation of energy efficiency, public investment is also highlighted as a
key element [27]. In Michalena and Hills’ studio, security and diversification of electricity supply are
mentioned as elements to take into consideration due to, on the one hand, the high dependency of
fossil fuels in many regions and, on the other hand, the high cost of oil [13]. Lin and Omoju’s article
underlines that in the short run, oil price increase affects the development of renewables, but in the
long term, financing plays an important role and therefore only adequate planning can help promote
the change towards energy transition [28].

After the initial introductory section, the second section explores materials and methods and
presents the methodology applied on this article for national (Spain) and European contexts, as well
as focusing at a local level (the Canary Islands) and in the specific sector of agriculture. In section
three, the results obtained will be examined and discussed. In the final section, we present conclusions
reached as a result of the research carried out in the article. All sections are complemented with a series
of Appendices A–D containing relevant extra information. Appendix A includes the forms that were
sent to various experts in the field; Appendix B contains graphic information and questions asked to
experts in the field; Appendix C gives graphic information on the most relevant advantages stemming
from implementing this kind of technology; Appendix D contains an additional questionnaire of eight
closed-ended questions with graphic representations relevant to the above mentioned questionnaire.

2. Materials and Methods

To carry out our research, we will start by looking at barriers to entry from the point of view of
the market and examine the extent to which they coincide with replies obtained in this section. For the
development of the research, fifty-four experts were contacted and sent a series of questionnaires
(Appendix A). Each questionnaire contained twenty questions, as elaborate and detailed as possible,
about ways of finding solutions to barriers to the introduction of geothermal energy in Spain, the EU,
the Canary Islands, and in the agricultural sector and taking requisite steps to eradicate them. A total
of eleven replies from experts were received with a success rate of twenty percent.

The methodology used corresponds to “non-probabilistic sampling” since it is a small but
representative sample well known to the researchers [29]. Validation is supported by “expert judgment”
for which relevant experts in the field of geothermal energy and renewable energies in a position to
give an answer to the current situation concerning barriers to the introduction of this technology in
Spain, the EU and the Canary Islands were contacted for a period of three months (from October 2017
to December 2017). Questionnaire models can be found in Appendix A. The study is structured in four
main blocks intended to cover each of the three technologies and the four scenarios shown in Figure 1.
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3. Results and Discussion

As mentioned in the previous section, the results of this study are presented in four main blocks.
They are intended to verify whether the questions formulated in the materials and methods section
apply to the situation of geothermal energy in all its modalities and to the energy mix in specific
locations and sector.

3.1. Block 1: Level of Implementation

Figures 2–4 support BLOCK 1: Level of introduction of geothermal energy in all its modalities:
Low-enthalpy, high-enthalpy and even as part of renewable energy mix in Spain, the EU, the Canary
Islands, and on the specific currently underdeveloped sector of agriculture. In view of the results
reflected in Figure 2 regarding the level of introduction of geothermal energy, the smallest differences
of opinion between Spanish and European experts can be seen in the implementation of low-enthalpy
geothermal energy or thermal uses and geothermal energy in the agricultural sector.

On the other hand, the greatest differences of opinion between Europe and Spain relate to
high-enthalpy geothermal energy, renewable mix, and renewable energy in the agricultural sector.
The greatest difference of opinion is on potential electrical uses for geothermal energy.

In all cases for this first graph (Figure 2), the European experts evaluate a higher level of
development of geothermal energy in the EU in all its facets as compared to the Spanish experts
in Spain. It seems that it is not exclusive to geothermal energy, since some studies compare the
situation of renewable energies in general between N and S countries in Europe and the level of
involvement and acceptance is also greater in the former [21].

Other studies highlight the fact that the higher the level of development or income of a country,
the more relevant the investment in renewables [6,30].

In the case of the Canary Islands as compared to the whole of Spain (Figure 3), all questions are
slightly lower on the assessment scale than those on the general situation in Spain, except for the
energy mix.

In view of the aforementioned, Figure 4, which includes judgement of all the experts consulted
from Spain, the Canary Islands, and the European Union, is drawn up.
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In all questions asked the level of development equals 2 on a 1–5 scale, the rating is even lower on
geothermal energy for electrical uses as well as geothermal energy on the agricultural sector compared
to the others. In any case, from the observation of Figures 2–4 we can infer that for all questions, the
level of development is around 2, meaning underdevelopment.

Without a doubt, and quoting Surtesic, “It is of the utmost importance to make great efforts to
promote strong renewable technologies such as geothermal energy” [31].Energies 2018, 11, x FOR PEER REVIEW  6 of 34 
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3.2. Block 2: Barriers

3.2.1. Low-Enthalpy Geothermal Energy

As far as graphs of BLOCK 2 are concerned (Figures 5–8 on low enthalpy geothermal energy),
Figure 5 shows how European experts unanimously consider economic or financial barriers for Europe,
followed at a lower percentage by regulatory/institutional, technical, and cultural/social. For the
Spanish experts, economic or financial barriers are also the most important, the technical type is
less representative.
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On the agricultural sector (Figure 6), along with economic/financial barriers, cultural/social
barriers appear to the same extent, and in the case of the Canary Islands (Figure 7) beside cultural/social
stands regulatory/institutional. Considering the opinion of all the experts consulted in Spain, the EU,
the Canary Islands and on the agricultural sector and after applying their specific weight on the issues
here considered, we obtain Figure 8, which reveals that the main barriers are cultural/social followed
by economic/financial and regulatory/institutional. Excluding the opinion of experts in the Canary
Islands and in the agricultural sector, which represent the smallest of the samples, the main barriers
are economic/ financial, followed by regulatory/institutional and cultural/social on equal terms.
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3.2.2. High-Enthalpy Geothermal Energy

In terms of electrical uses, geothermal energy has been studied in Spain, the EU, and the Canary
Islands. As far as the agricultural sector is concerned, it has only been considered as renewable energy
in general and geothermal in particular without differentiating its thermal or electrical end uses or
even the geothermal mix.

With reference to barriers to the introduction of high-enthalpy geothermal energy reflected on
Figure 9 judgement of experts is unanimous for the situation in Spain and the EU, economic/financial
being the main barriers. It is the same case of the Canary Islands (Figure 10).

On an analysis of high-enthalpy, similar to the one on low-enthalpy that takes into consideration
the opinion of all the experts asked about the situation in Spain, the EU, and the Canary Islands (with
their specific weight), we once again find unanimity of criteria with 100% thinking the most important
barriers are economic/financial. However, in this case and unlike on low-enthalpy geothermal,
the second most important barriers seem to be technical (Figure 11).
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3.3. Block 3: Measures

3.3.1. Low-Enthalpy Geothermal Energy

Next, in BLOCK 3, measures to eradicate barriers to low and high-enthalpy geothermal energy
and energy mix are examined. Figure 12 compares values in Spain and the EU in the field of
low-enthalpy, which are coincident with the fact that the main action to be taken both in Spain
and the EU would be promotion. In the case of the EU, public investment is also valued as a key
action to take. In the case of the agricultural sector (Figure 13), it would be training and promotion,
and for the specific case of the Canary Islands (Figure 14), it would encompass three aspects: training,
promotion, and public investment.
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Figure 15 shows a graph reflecting the opinion of all the experts regarding measures to take to
eliminate barriers to low-enthalpy geothermal energy in Spain, the EU, the agricultural sector, and the
Canary Islands. It shows how promotion would be the most important action to take, followed by
training and public investment.
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3.3.2. High-Enthalpy Geothermal Energy

Regarding the steps to take to eradicate barriers to high-enthalpy geothermal energy, we again
assess the situation in Spain compared to the EU and the Canary Islands. In this case, the agricultural
sector has not been specifically considered regarding high-enthalpy. Figure 16 shows there is no
unanimity of judgement of European and Spanish experts since, for the former, the main actions to take
would be private investment and promotion, whilst for the latter it would be public investment. In the
case of the Canary Islands (Figure 17), it would be public investment and promotion. Examining the
situation as a whole for all experts and locations (Figure 18), it would be public investment followed
by promotion and private investment. As far as low-enthalpy is concerned, only promotion would be
on top.
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3.3.3. Energy Mix

The last measures to be assessed are those related to energy mix. Both in the EU and Spain
(Figure 19), regulatory change is seen as the most significant step to take and public investment, private
investment and promotion follow. In the case of the Canary Islands (Figure 20), the measures are
regulatory change and public investment. From a global assessment (Figure 21), regulatory change
remains on top, followed closely by investment.
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3.4. Block 4: Advantages

3.4.1. Low-Enthalpy Geothermal Energy

Once barriers and actions to take are addressed, there is a need to know what the real advantages
to the introduction of each technology are: these are low-enthalpy, high-enthalpy geothermal and
mix, in each one of the scenarios described above. The results are presented on Figures A9–A11
(Appendix C). On Figure A9, the advantage which scores higher in all examined scenarios, Spain,
the EU, the agricultural sector, and the Canary Islands is reduction of external energy dependence.
Lowest on the list is energy security.

The greatest number of advantages to the implementation of this technology is given by the EU
and Canary Islands experts.

3.4.2. High-Enthalpy Geothermal Energy

As far as the advantages to the introduction of high-enthalpy geothermal energy are concerned
(Figure A10), once again the EU and the Canary Islands would benefit the most. Top of the list for value
is CO2 emissions reduction and energy independence. Low on the list are opening to new markets
stability of the electrical grid and energy costs reduction.

3.4.3. Energy Mix

Regarding energy mix (Figure A11), the greatest advantages would be for Spain and the EU.
In this instance, external energy independence followed by energy costs reduction are on top of the
list, while on the bottom are opening new markets and local development.

3.5. Closed Questions Questionnaire

To obtain a more detailed assessment from the experts, a further questionnaire with 8 closed
questions is presented (Appendix D, Table A5) and Figures A12–A19 are also shown on the
aforementioned Appendix.

The most promising results on whether further development of geothermal technology would
reduce its cost are for the EU, the Canary Islands, and the agricultural sector (Figure A12), and it
is in some way consistent with one of the main advantages shown in Figure A9, which is energy
cost reduction.

Once again, the most encouraging scenarios are for the EU, the Canary Islands, and the agricultural
sector regarding final consumer concerns about the origin of the energy consumed (Figure A13).
We must bear in mind that European experts believe that the demands of the citizens from the N of
Europe are greater than those of the S of Europe.

Also, as previously mentioned, the Michalena and Hills study [13] shows differences between
the N and S countries of Europe. For example, training and monitoring are more important for S
countries than for N countries where established local social networks already exist. On the other hand,
within the European 2020 strategy [30], differences between N and S are not considered, although they
obviously exist. Similarly, subsidiary requirements should be tailored at a regional level [13].

Regarding whether the final consumer is aware of environmental, social, and economic advantages
related to the implementation of this technology (Figure A14), there is no unanimity of criteria.
The most favorable judgement is for the agricultural sector and for the EU. This question and
its answers are consistent with one of the main actions needed to eradicate barriers for this
technology: promotion.

In some articles, a parallel is drawn between citizens’ income and environmental protection [32].
Also, the higher the level of development of a country, the more the investment in renewable
energy [33].
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Regarding whether the initial investment needs to be larger due to the innovative nature of this
technology (Figure A15), the scenarios with the highest score are those of the Canary Islands and
the agricultural sector. These answers are consistent with actions needed to eradicate barriers to
geothermal energy since investment appeared as one of the main actions to take. Initial investment,
together with oil prices, appear to be key financial barriers on previous geothermal studies that
consider the agricultural and the livestock sectors. An energy performance contract (EPC) could be the
solution to resolve geothermal energy financial barriers. There are examples of energy performance
contract in buildings but not in the agricultural or livestock sectors. Primary productive sectors
such as agriculture and livestock would benefit from this cost-effective solution using a low-enthalpy
geothermal heat pump [24].

In the section of theoretical framework, a study on solar hybridization located in Turkey was cited
which, despite the initial investment being larger than that of conventional energies, proved that with
sufficient wind load, this combination is preferable to conventional energies [25].

Regarding the question of whether geothermal energy is at a disadvantage due to its costs against
other renewable sources (Figure A16), a high percentage of respondents are very clear on the matter
and categorical in their judgement for the EU, the Canary Islands, and the agricultural sector.

To the question of whether the government policies can be an obstacle to the introduction of this
technology, there is disparity of criteria which ranges from those who, as in the case of the agricultural
sector, do not answer to those who agree completely as in the case of the Canary Islands, or half of the
respondents in the case of Spain, who believe this to be a hindrance (Figure A17).

Regarding the environmental awareness of companies, there are also some differences of
judgement according to the context. It is clear that this is not so in the case of the Canary Islands
(Figure A18).

The greatest degree of agreement in this batch of eight questions is reached on question number
eight, which refers to whether institutions continue to support fossil fuels and cross-border energy
grids to the detriment of renewable energies as a consequence of lobbying. The more a country
depends on fossil fuels, the less renewable development it has [32].

Figures A12–A19 reflect the judgement of experts for all possible scenarios and shows score
levels. The answer with the highest score is supported from institutions to fossil fuels and cross-border
grids. With the lowest score is the question: is the final consumer aware of the environmental, social,
and economic advantages and is the current political situation and government policies an obstacle?
The first issue could be resolved by regulatory change affecting high-enthalpy geothermal energy rather
than low-enthalpy, which seems to keep on progressing in the market. The moratorium on renewable
energies should be lifted along with a reform in the electricity sector. Institutions at the national and
European level need a strong commitment to implement this kind of technology. Some institutions and
individual companies indeed support its development, but there is still a long way to go to achieve
large-scale progress [34].

On the matter of the question with the lowest score—Is the consumer aware of environmental,
social and economic advantages?—training and promotion are needed.

As stated in the section on the theoretical framework, there are numerous applications for
geothermal energy, and many cases have already been studied, although many of them are still in the
pilot phase [34]. It seems necessary to develop all these projects to move on from the pilot stage and
enter the market. This will only come to fruition with due training and promotion.

4. Conclusions

The fact of being able to discriminate in this study according to the different uses of geothermal
energy (thermal or electrical or mix) depending on the region examined (island, country, or continent)
or even including a specific activity sector, in this case agricultural, though it could be any other,
allows us to focus attention where it is really needed and to identify the actions more fit for each case.
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This work contemplates four big blocks, namely the degree of implementation, barriers,
measures and advantages for the three technologies and the four scenarios mentioned in it, thus moving
from a global approach to a more specific one and analyzing its results.

The main conclusions of this study are as follows. First, regarding level of implementation of this
energy, a lower degree in Spain than in the EU has been identified for all the examined scenarios except
for low-enthalpy geothermal energy. It is even lower in the Canary Islands than in the main land in
all scenarios except for the geothermal energy mix. On a general level, the degree of development
turned out to be two for underdevelopment on a 1 to 5 scale (from lowest to highest), the situation
being poorer as far as high-enthalpy geothermal energy is concerned as well as geothermal energy on
the agricultural sector.

Second, regarding barriers, when discriminating renewable energies by type and thus separating
geothermal from the rest and even its thermal or electrical end uses as in the research that concerns us,
we find that economic barriers to low-enthalpy geothermal energy in Spain are not as significant as
might be expected and that, in fact, this score is lower than its European counterparts. On the other
hand, in the case of high-enthalpy geothermal energy production, economic barriers are high both
in Spain and in the rest of Europe. On a global scale, the study concludes that the main barriers to
the introduction of electrical uses for geothermal energy are economic/financial, while for thermal
uses, they are cultural or social. At a regional level, in the EU economic/financial barriers are still the
most important, both for low and high-enthalpy geothermal. This is also true in Spain, although in the
latter case to a lesser extent. In the case of the Canary Islands, the main barriers are cultural/social
along with regulatory/institutional for low-enthalpy geothermal energy and economic/financial for
high-enthalpy geothermal energy.

As stated previously, one of the most commonly cited topics in a variety of articles [35,36] is the
importance of implementation of renewable energies at a local level, although European policies (and
not only in Europe) give minimal support to this issue.

According to the findings of the research carried out here, the institutional or regulatory barriers
rank third on the general scale for both high and low enthalpy, being more important in the EU than in
Spain especially for electrical uses. As indicated above, the importance of the Canary Islands is also
worth mentioning in this case.

In the third place, the measures to be taken, this study concludes that at the regional level, the EU
considers that the actions to be taken are private investment in the case of high-enthalpy geothermal
energy and promotion for low-enthalpy geothermal energy. In the case of Spain, for the high-enthalpy
geothermal energy, it would be public investment and, again, promotion for thermal uses. In the
case of the Canary Islands, public investment for low and high-enthalpy, training, and promotion for
low-enthalpy. In the agricultural sector, training and promotion would be the most significant measures
both for renewable energy in general as well as for geothermal energy in particular. Regarding global
actions, depending on whether it is low-enthalpy geothermal, high-enthalpy geothermal or energy
mix, public investment, promotion, and regulatory change in this order.

The figures show that when examining barriers to the introduction of renewable energies by
focusing on geothermal energy in particular and its energy mix, it is not only promotion and regulatory
that change rank on the first positions but also private and public investment, being of more or less
importance depending on the region case study and the type of geothermal technology.

Lastly, as far as advantages are concerned, energy security does not seem to be the main concern of
experts since this is covered by other sources of energy in the short term (renewable and non-renewable).
This is more relevant in the Canary Islands due to its isolated and insular nature. Nonetheless, our study
does share with others the crucial importance of energy independence from external sources [37].
The case of the Canary Islands is not different from the rest of the insular areas in Europe and
worldwide, where distributed generation and micro-grids become a fundamental issue. For all three
technologies that have been studied here—low-enthalpy, high-enthalpy, and energy mix—the EU
scenario is the most positive. This circumstance is repeated in all questionnaires.
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A study with more subject matter experts in the field would be desirable in the future when this
technology will be well known, to evaluate its differences to the current one. In the same way, it is
expected that future research in the line proposed here include new technologies such as dry hot rock,
stimulated geothermal systems, or supercritical deposits.
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Form 2: Spain
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Table A1. Questions regarding the implementation level of geothermal energy for each of the four
scenarios proposed: Spain, EU, Canary Islands, and agricultural sector. Source: Own elaboration.

BLOCK
SCENARIO 1 2 3 4

QUESTIONS SCORING
SCALE SPAIN EU CANARY

ISLANDS
AGRICULTURAL

SECTOR

1

What do you think is the
implementation level for the
low-enthalpy geothermal energy?

1: very little
2: little
3: medium
4: enough
5: a lot

Figures 2–4

What do you think is the
implementation level for the
high-enthalpy geothermal energy?

1: very little
2: little
3: medium
4: enough
5: a lot

What do you think is the
implementation level for the mix
renewable: geothermal, solar, battery
and/or pumping?

1: very little
2: little
3: medium
4: enough
5: a lot

What do you think is the
implementation level for the renewable
energy in the agricultural sector?

1: very little
2: little
3: medium
4: enough
5: a lot

And the geothermal energy in
particular in the agricultural sector?

1: very little
2: little
3: medium
4: enough
5: a lot

Block 2: Barriers
In this second block, barriers to the introduction of all types of geothermal energy and in the 4

scenarios—Spain, the EU, the Canary Islands, and the agricultural sector—are studied, for which a series of
multi-answers are established (Figure A6 and Table A2).
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energy in Spain, EU, Canary Islands, and agricultural sector. Source: Own elaboration.

Table A2. Questions regarding the barriers to the implementation of geothermal energy for each of the
four scenarios proposed: Spain, EU, Canary Islands, and agricultural sector. Source: Own elaboration.

BLOCK
SCENARIO 1 2 3 4

QUESTIONS MULTI ANSWERS SPAIN EU CANARY
ISLANDS

AGRICULTURAL
SECTOR

2

Which among these do you think
are the barriers to the
implementation of low-enthalpy
geothermal energy?

Economic/Financial
Normative
Technical
Cultural/social
Lack of knowledge
Others; Big offers gas sector Figures 5–11

Which among these do you think
are the barriers to the
implementation of high-enthalpy
geothermal energy?

Economic/Financial
Normative
Technical
Cultural/social
Lack of knowledge
Others; Big offers gas sector
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Block 3: Measures
In this third block, the most appropriate actions to take toward the eradication of barriers to the introduction

of all types of geothermal energy are studied: thermal, electrical and mix uses for the four proposed scenarios.
Also, the methodology in this case consists of a series of multi-answers.

Energies 2018, 11, x FOR PEER REVIEW  24 of 34 

 

In this third block, the most appropriate actions to take toward the eradication of barriers to the 

introduction of all types of geothermal energy are studied: thermal, electrical and mix uses for the 

four proposed scenarios. Also, the methodology in this case consists of a series of multi-answers. 

 

Figure A7. Measures to eliminate barriers to the implementation of low- and high-enthalpy 

geothermal energy, and mix energy in Spain, EU, Canary Islands, and the agricultural sector. Source: 

Own elaboration. 

  

Figure A7. Measures to eliminate barriers to the implementation of low- and high-enthalpy
geothermal energy, and mix energy in Spain, EU, Canary Islands, and the agricultural sector. Source:
Own elaboration.

Table A3. Questions related to the measures that eliminate barriers to the implementation of geothermal
energy for each of the four proposed scenarios. Source: Own elaboration.

BLOCK
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What would be the most
appropriate measures for the
elimination of high-enthalpy
geothermal energy barriers?

Normative change
Public investment
Private investment
Promotion
Training

What would be the most
appropriate measures for the
elimination of renewable
energy mix barriers?

Normative change
Public investment
Private investment
Promotion
Training

Block 4: Advantages
In this last block, a series of advantages are laid out to see the most appropriate based on the criteria from

the experts for each of the scenarios and proposed technologies.
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Figure A8. Advantages of the implementation of low, high enthalpy geothermal energy and mix
renewable energy in Spain, EU, Canary Islands, and agricultural sector. Source: Own elaboration.
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Table A4. Questions related to the advantages of the implementation of geothermal energy for
each of the four proposed scenarios: Spain, EU, Canary Islands, and the agricultural sector. Source:
Own elaboration.

BLOCK
SCENARIOS 1 2 3 4

QUESTIONS MULTI ANSWERS SPAIN EU CANARY
ISLANDS

AGRICULTURAL
SECTOR

4

What advantages would
a greater development of
low-enthalpy geothermal
energy have?

Local development
Energy security
CO2 emissions reduction
Reduction of external energy dependence
Energy cost reduction

Figures A9–A11
What advantages would
a greater development of
high-enthalpy geothermal
energy have?

Local development.
Energy security
CO2 emissions reduction
Reduction of external energy dependence
Energy cost reduction

What advantages would
a greater development of
renewable mix
energy have?

Local development
Energy security
CO2 emissions reduction
Reduction of external energy dependence
Energy cost reduction

Appendix C

Energies 2018, 11, x FOR PEER REVIEW  26 of 34 

 

Table A4. Questions related to the advantages of the implementation of geothermal energy for each 

of the four proposed scenarios: Spain, EU, Canary Islands, and the agricultural sector. Source: Own 

elaboration. 

BLOCK 
SCENARIOS 1 2 3 4 

QUESTIONS MULTI ANSWERS SPAIN EU CANARY ISLANDS AGRICULTURAL SECTOR 

4 

What advantages would a 

greater development of 

low-enthalpy geothermal 

energy have? 

Local development 

Energy security 

CO2 emissions 

reduction 

Reduction of external 

energy dependence 

Energy cost reduction 

Figures A9–A11 

What advantages would a 

greater development of 

high-enthalpy geothermal 

energy have? 

Local development. 

Energy security 

CO2 emissions 

reduction 

Reduction of external 

energy dependence 

Energy cost reduction 

What advantages would a 

greater development of 

renewable mix energy 

have? 

Local development  

Energy security 

CO2 emissions 

reduction 

Reduction of external 

energy dependence 

Energy cost reduction 

Appendix C 

 

Figure A9. Advantages to the implementation of the low-enthalpy geothermal energy. Source: Own 

elaboration. 
Figure A9. Advantages to the implementation of the low-enthalpy geothermal energy. Source:
Own elaboration.Energies 2018, 11, x FOR PEER REVIEW  27 of 34 

 

 

Figure A10. Advantages to the implementation of the high-enthalpy geothermal energy. Source: Own 

elaboration. 

 

Figure A11. Advantages to the implementation of the mix renewable energy. Source: Own elaboration. 

Appendix D 

Table A5. Closed questions related to the situation of geothermal energy and other renewable 

energies in the context and proposed scenarios. Source: Own elaboration. 

SCENARIOS 1 2 3 4 

QUESTIONS ANSWERS SPAIN EU CANARY ISLANDS AGRICULTURAL SECTOR 

Do you think that further 

development of this technology 

(low- and/or high-enthalpy 

geothermal energy and/or energy 

mix with other sources of energy) 

would reduce its cost? 

Yes 

No 

DK/DA 

Figures A12–A19 

Do you think that the final 

consumer is becoming more 

demanding with the origin of the 

energy he (she) consumes? 

Yes 

No 

DK/DA 

Figure A10. Advantages to the implementation of the high-enthalpy geothermal energy. Source:
Own elaboration.



Energies 2018, 11, 3202 24 of 29

Energies 2018, 11, x FOR PEER REVIEW  27 of 34 

 

 

Figure A10. Advantages to the implementation of the high-enthalpy geothermal energy. Source: Own 

elaboration. 

 

Figure A11. Advantages to the implementation of the mix renewable energy. Source: Own elaboration. 

Appendix D 

Table A5. Closed questions related to the situation of geothermal energy and other renewable 

energies in the context and proposed scenarios. Source: Own elaboration. 

SCENARIOS 1 2 3 4 

QUESTIONS ANSWERS SPAIN EU CANARY ISLANDS AGRICULTURAL SECTOR 

Do you think that further 

development of this technology 

(low- and/or high-enthalpy 

geothermal energy and/or energy 

mix with other sources of energy) 

would reduce its cost? 

Yes 

No 

DK/DA 

Figures A12–A19 

Do you think that the final 

consumer is becoming more 

demanding with the origin of the 

energy he (she) consumes? 

Yes 

No 

DK/DA 

Figure A11. Advantages to the implementation of the mix renewable energy. Source: Own elaboration.

Appendix D

Table A5. Closed questions related to the situation of geothermal energy and other renewable energies
in the context and proposed scenarios. Source: Own elaboration.

SCENARIOS 1 2 3 4

QUESTIONS ANSWERS SPAIN EU CANARY
ISLANDS

AGRICULTURAL
SECTOR

Do you think that further development of
this technology (low- and/or
high-enthalpy geothermal energy and/or
energy mix with other sources of energy)
would reduce its cost?

Yes
No

DK/DA

Figures A12–A19

Do you think that the final consumer is
becoming more demanding with the
origin of the energy he (she) consumes?

Yes
No

DK/DA
Do you believe that the final consumer is
aware of the environmental, social and
economic benefits of clean
energy consumption?

Yes
No

DK/DA

Do you think that the initial investment
is greater due to the use of a
new technology?

Yes
No

DK/DA
Do you think that geothermal energy is at
a cost disadvantage with other renewable
energies of greater implantation?

Yes
No

DK/DA
Do you think that the current government
situation is an obstacle on the
implementation of this technology?

Yes
No

DK/DA
Do you think that companies are
increasingly aware of environmental
issues beyond purely economic ones?

Yes
No

DK/DA
Do you think that the institutions continue
to support fossil fuels and the creation of
cross-border energy networks to the
detriment of local renewable energies?

Yes
No

DK/DA
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Figure A15. Comparison between initial investment and the use of a new technology in the four
scenarios proposed: Spain, EU, Canary Islands, and the agricultural sector. Percentages in the graph
showed for Yes. Source: Own elaboration.
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Figure A17. Comparison between current government situation and the impediment to the
implementation of the geothermal energy in the four scenarios proposed: Spain, EU, Canary Islands,
and the agricultural sector Percentages in the graph showed for Yes. Source: Own elaboration.
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