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Abstract

Advances in new technologies and the desire to achieve a sustainable and safe energy
supply, enable communities to transition from conventional to renewable resources,
such as geothermal energy. Perception and acceptance amongst different audiences
have a high impact on the feasibility of energy projects, which is an important aspect
to analyze. For this reason, this study focuses on describing the level of awareness and
acceptance of deep geothermal energy within an educated segment of the popula-
tion in five European and American countries (Canada, Colombia, Chile, Belgium, and
France) at different stages of geothermal development. This study was conducted
through an online survey, which was targeted to post-secondary students and
professionals. Some of the most significant conclusions are: (1) there is a high degree
of awareness of geothermal energy among the respondents in Chile and Canada, a
medium level in Belgium and France, and a low one in Colombia; (2) there is a favora-
ble acceptance of a geothermal project in each country, even when hydraulic stimu-
lation is considered; (3) environmental aspects and community safety are the most
important issues that must be addressed to support a pilot geothermal project.

Keywords: Geothermal resources, Awareness, Questionnaire, Renewable energies,
Communities

Introduction

Population increase and industrial growth have generated a worldwide surge in energy
demand, which has historically been met by burning fossil fuels, generating greenhouse
gas (GHG) emissions, and making their reduction a global challenge (Karmaker et al.
2020). The use of fossil fuels increases the potential for global warming, and the altera-
tion of natural ecosystem processes (Mondani et al. 2017; Amin and Rahman 2019). In
the last decade, an increase in the concentration of GHG has been recorded. According
to the World Meteorological Organization (WMO), the concentration reached historical

values in 2016, with an atmospheric carbon dioxide (CO,) concentration growing at a
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record speed, showing the highest values in recent years (WMO 2019). The large emis-
sions of GHG, especially CO,, produced by anthropogenic activities and their influence
on climate conditions have become a major ecological and political challenge (Mondani
et al. 2017). One of the goals detailed in the United Nations Organization 2030 agenda is
to guarantee access to affordable, safe, sustainable and modern energy for all, in addition
to the adoption of measures to fight climate change and its effects (UN 2015). Renew-
able energies are an efficient and effective solution (Dincer 2000). They are considered
a promising and clean alternative worldwide, as they are produced from natural, non-
depleting sources, such as sun, wind, waves, water and Earth’s heat (Wiistenhagen et al.
2007; Lins et al. 2014; Owusu and Asumadu-Sarkodie 2016).

Among the renewable energies, one of the most sustainable options is geothermal
energy (Dincer and Acar 2015). According to IPCC (2012), the global technical potential
for electricity generation by means of geothermal energy is estimated at 200 GW. The
geothermal capacity installed worldwide in 2018 was 13.33 GW, of which 1.65 GW were
in Latin America (Mexico, Guatemala, El Salvador, Nicaragua, Costa Rica, Honduras,
and Chile), 2.55 GW in United States, 2.96 GW in Europe, 4.44 GW in Asia, and 0.67
GW in Africa, and 1.05 in Oceania (IRENA 2019). Goldstein et al. (2012) estimated that
future geothermal deployment can meet between 2.5 and 4.1% of the global electricity
demand, and about 5% of heating and cooling needs by 2050. Use of deep geothermal
energy sources was initially limited to specific areas with favorable conditions: having
a heat source, a recharge mechanism, and an accessible depth, among others (DiPippo
2012). Technological advances such as EGS facilitate the use of geothermal energy in
areas where these conditions are not met. The use of hydraulic stimulation, one of EGS’s
existing techniques in addition to chemical and thermal stimulations (Watanabe 2016),
to improve the permeability of geothermal reservoirs began with the Hot Dry Rock con-
cept put forward at Los Alamos (New Mexico, USA) in the 1970s (Olasolo et al. 2016).
Dickson et al. (2004) additionally indicated that the direct use of heat is possible with the
implementation of techniques to ensure permeability and circulation of fluids. EGS is
projected to be an important technology to the global growth of geothermal energy. The
International Energy Agency (IEA) forecasted a global geothermal production of 140—
160 GW in 2050, with a 60% share provided by EGS (IEA 2011). Such systems have been
studied with field experiments throughout the world in different geological environ-
ments (Palacio-Villa et al. 2020), for example, the Fenton Hill project in the United States
(Reiter et al. 1976), Soultz-sous-Foréts in France (Cuenot et al. 2008), Basel in Switzer-
land (Wyss and Rybach 2010), Grofs Schonebeck in Germany (Huenges et al. 2006), Par-
alana in Australia (King et al. 2009), Ogachi in Japan (Kaieda and Ogachi 2012).

Although geothermal energy is seen as a promising source of renewable energy, its
development is constrained by several challenges, most notably social resistance (Ber-
tani 2016). Acceptance problems in different social sectors, lack of knowledge and nega-
tive perceptions can affect the development of energy technologies (Dowd et al. 2011).
However, considering the local community as an obstacle to be overcome may not pro-
vide an adequate basis for building trust. In this sense, developers or promoters of geo-
thermal projects should generate a relationship with stakeholders that is not one-way
(Vargas et al. 2020).
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It is important to understand that technology, society, and governance are interre-
lated, since a change in one is likely to affect the others. Therefore, their interdependen-
cies impact the acceptance of change and technology by society, an aspect that plays an
important role in the evolution of new energy developments. As expressed by Jasanoff
(2004), the relationship between science and technology has a common value, i.e., sci-
ence generates an impact on society and society impacts science. Entrepreneurs, scien-
tists, and policymakers working in the field of new energy technologies are constantly
finding new reasons to involve the public in innovation (Jugend et al. 2020). Energy
research should focus on problem-oriented, interdisciplinary, and socially inclusive
studies (Sovacool et al. 2015; Lennon et al. 2019).

Citizen participation can help to prevent, or at least anticipate, possible future con-
troversies, to provide ideas for new and better products and services, and to increase
the openness and transparency of scientific and technological developments, which is a
prerequisite for a trust relationship between different actors (Meller et al. 2018). Involve-
ment of citizens has also demonstrated that they can be proactive and come up with
interesting suggestions, such as including energy and environmental issues in educa-
tional programs, from elementary school to universities (Pellizzone et al. 2015). One tool
that enables the connection between different actors involved in the development of a
project is the communication of the environmental issues and energy technologies that
shape public opinion, change policies, and affect our world (Dowd et al. 2011).

Implementing appropriate communication strategies on energy transition projects,
such as geothermal energy, can have a positive or sometimes negative impact on the way
those projects are understood and accepted or not. It is important to communicate tech-
nical and scientific content in an effective way, making the relevant information as easy
to understand as possible. Moreover, the proper time should also be selected: communi-
cation strategies must be implemented before starting any kind of energy development.
For example, Volken et al. (2018) identify that in the communication processes on new
technologies, acceptance can increase or decrease: in Switzerland, geothermal energy
acceptance decreased with increasing knowledge, probably upon learning about acci-
dental impacts, such as induced seismicity that occurred in the past (Héring et al. 2008).

In contrast, the study presented by Carr-Cornish and Romanach (2014) shows a posi-
tive change in perception when participants acquired information and knowledge on
the subject, noting that the change in attitude is evident even when it comes to con-
cerns related to groundwater pollution or induced seismicity. The study by Pellizzone
et al. (2017) conducted in Viterbo, Italy, revealed that the perception of renewable
energies including geothermal energy is positive and optimistic, but, like Carr-Cornish
and Romanach (2014), indicated that when the construction of a geothermal project
is considered in the immediate environment, the favorable perception of the affected
population decreases, giving rise to the phenomenon known as "Not in my backyard".
Acceptance is complex and varies according to the proximity of the geothermal power
plant to the communities, which is identified as a relevant factor to be considered from
the early stages of any project. Thus, acceptance represents an important value in the
implementation of new technologies such as geothermal energy. In fact, in seven Euro-
pean countries (Hungary, Italy, Macedonia, Poland, Romania, Serbia, and Slovakia),
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geothermal resources have been exploited below their real potential due to a low or total
lack of public acceptance, among other reasons (Kepiriska and Kasztelewicz 2015).

The discussion of geothermal projects in different social sectors is generally based on
environmental, economic, and political aspects (Meller et al. 2018). Moreover, the media
have also a crucial role on this discussion, depending on how they present deep geo-
thermal energy to the public, as analyzed by Stauffacher et al. (2015), who highlighted
the requirement of transparency and diligent monitoring of communication and pub-
lic engagement. There are multiple factors that affect opinion on geothermal energy,
such as contamination of groundwater, sustainability of water resources, uncertainty on
reversibility, seismic activity, cost—benefit ratio, level of knowledge about the technolo-
gies, dissemination channels, the integration of various actors in project planning and
public consultation exercises, among others (Dowd et al. 2011; Carr-Cornish and Roma-
nach. 2014; Chavot et al. 2018).

In this context, through the research project IGCP636Y "Unifying international
research forces to unlock and strengthen geothermal exploitation of the Americas and
Europe" of the UNESCO’s International Geoscience Program (IGCP), an online survey
was conducted to explore the perception of geothermal energy among people with a sci-
entific background and high education level in Canada, Colombia, Chile, France, and
Belgium (the five countries leading the IGCP636Y project). The International Geosci-
ence Programme (IGCP) started in 1972 and fosters international scientific cooperation
in geosciences. Among other aspects, its mission includes promoting sustainable use
of natural resources, such as hot deep fluids and heat stored in the subsurface which
provide geothermal energy. IGCP projects focus on global issues of geosciences within
these five themes: Earth Resources, Global Change, Geohazards, Hydrogeology, and
Geodynamic. The project IGCP636 belongs to the first topic, and it is currently on its
second phase 2020-2025. The objective of this survey was to explore and describe the
general attitude toward geothermal energy of the participants. This survey represents
the first stage of a future analysis that can involve different sectors of society, and thus
describe and explore the social acceptance of geothermal energy in different countries.
The relevant results obtained from this survey are discussed in this paper.

Overview of geothermal resources in the surveyed countries

A short overview of geothermal resource characterization and potential is provided in
the following sections for each country included in the survey. To better understand
the results of the public survey, a state of geothermal development was assigned to each
country studied. Early (exploration activities), moderate (some geothermal heat and/or
power plants in operation or demonstration projects) and advanced (several commercial
heat or power plants) development statuses are the proposed categories to classify the
development in each country.

Considering the current context of the geothermal industry and/or exploration
studies conducted in each country, as detailed in the following sections, an advanced
level of development is assigned to France, moderate to Belgium, Canada, and Chile,
while an early development is appointed to Colombia. These countries are there-
fore case studies that are representative of all development stages, giving a complete
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overview of geothermal development in different situations across Latin America,
North America, and Europe.

Canada

Geothermal energy in Canada is used primarily for heating and cooling purposes,
with over 103,523 geothermal heat pump systems having shallow ground heat
exchangers installed across the country, totaling an estimated 1449 MW of heating
capacity and 11,111 TJ of annual energy use (Raymond et al. 2015). However, there
is currently no commercial exploitation of deep geothermal resources for electric-
ity production. Exploration of deep geothermal resources has been conducted since
1973, with the identification of several strategic points, including the Meager Creek
geothermal area, 160 km north of Vancouver, where deep wells were drilled during
the 1980s for the purpose of carrying out tests (Jessop et al. 1991). New geothermal
exploration projects are now ongoing in sedimentary basins, for example target-
ing deep resources in Saskatchewan. The state of deep geothermal development in
Canada can be classified as moderate, where activities are mainly focused on deep
resource evaluation and drilling for exploration purposes. The estimated maximum
energy potential for the most promising geothermal resources in the deepest parts of
the Canadian basins is 150 kJ/kg (Majorowicz and Grasby 2019). Although the deep
geothermal industry is not mature, it shows a promising outlook.

Colombia

The studies of geothermal resources in Colombia began in the 1970s (Arango et al.
1970). However, geothermal exploitation has not yet been developed since Colom-
bia has limited technical and scientific capacity for the development of geother-
mal resources and the areas of interest are located in isolated volcanic zones (Mejia
et al. 2014). The only geothermal exploration well in Colombia (Nereidas 1) was
drilled in 1997 on the western flank of the Nevado del Ruiz Volcano, and could not
reach the predicted depth of 2000 m because it suffered a strong deviation (Mon-
salve et al. 1998). Colombia has a great potential for the exploitation of geothermal
energy, thanks to its strategic location within the fire belt, which allows different ther-
mal manifestations to be seen throughout the country (Moreno-Rendén et al. 2018).
Projections indicate that the geothermal potential on the Nevado del Ruiz volcanic
complex is 50 MW. In addition, the binational geothermal project Tufiio—Chiles—
Cerro Negro that is being developed on the borders of Colombia and Ecuador pre-
sents an estimated potential of 138 MW (Mejia et al. 2014), which is evidence of the
geothermal potential of the country. Colombia can therefore by characterized as an
early development stage country, since only exploration studies have been conducted
(Alfaro 2015) and knowledge and expertise are still limited. Nevertheless, the national
development plan 2018-2022 mentions the introduction of a geothermal regulation
framework and all the actors involved in its creation (Colombian National Planning
Department 2019), opening doors to the development of this type of resource.
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Chile

Chile’s geothermal exploration started between 1921 and 1922 with exploration cam-
paigns led by Larderello’s Italian technical team, which drilled two wells, one 70 m deep
and the other 80, in the Antofagasta region (Lahsen et al. 2015). Exploration of geother-
mal resources was subsequently suspended until 1968. Between 1968 and 1976, geologi-
cal, geochemical, and geophysical information were collected in the Surire, Puchuldiza,
and El Taito geothermal fields (Procesi 2014). In addition, exploratory wells were drilled
to evaluate the feasibility of the areas for electric energy production (Morata 2004). The
geothermal potential that can be exploited in the country is approximately 2100 MW
for the 2017-2050 period, with 600 MW in 2017-2030 and 1500 MW in the following
period of 2031-2050 (Chilean Ministry of Energy 2018). Enel Green Power together with
the National Petroleum Company built the first geothermal plant called Cerro Pabell6n
with a capacity of 48 MW distributed in two units (Jorquera 2017). In 2016, a national
survey about energy was conducted in Chile (Chilean Department of Energy 2017) and
the results indicate that around 30% of the Chilean population knows about geothermal
energy as a source of electricity; moreover, among those who are aware of this type of
energy, 70% agree with the construction of geothermal power plants. Chile is then con-
sidered at a moderate geothermal development stage.

Belgium

The first well for geothermal exploration in Belgium was drilled in 1975 (Hoes et al.
2013). The current geothermal exploitation in the Mons area is entirely dedicated to
heat production and district heating. With a temperature of approximately 70 °C, three
pumping wells provide heating energy to hospitals, public buildings and businesses. In
2017, the installed capacity was 8.1 MW. The use of geothermal energy in the Mons
region is expected to increase in the coming years (Scharff 2019). Several wells were
exploited in the chalk reservoir of Flanders, for heating swimming pools and fish farm-
ing, but these operations have been stopped. Another project is currently being com-
pleted in the north, near the city of Antwerp (Richter 2018). The Balmatt project is the
first experience of deep geothermal energy production in Belgium combined with heat
generation. The research organization VITO is building the Balmatt heating plant; three
deep wells have been drilled between 2016 and 2018 and to improve the understanding
of the reservoir, a more detailed analysis was started, using data gathered from those
three wells (Lagrou et al. 2019). A faulted area in the Campine Dinantian limestone
deposit is the target at a depth of 2.8—-3.8 km (Loveless et al. 2014). Belgium can be con-
sidered to be at a moderate geothermal development stage.

France

Geothermal development in France is expected to grow using ground source heat
pumps as well as geothermal district heating, with an estimated installed thermal capac-
ity of 345 MWt (Vernier et al. 2015). France is one of the leading European countries
in geothermal district heating. French power plants are located in Guadeloupe and in
Alsace, at Soultz-sous-foréts. The power plant Bouillante, in Guadeloupe, consists of
two units: a double-flash unit operating since 1986 and a single-flash unit inaugurated in
2004. They produce 15 MW, which represents about 5% of the island’s electricity supply
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(Bouchot et al. 2010). The power plant has the potential to be expanded by 30 MW for a
total capacity of 45 MW by 2021 (Richter 2016). The Soultz EGS pilot plant in northeast-
ern France has been connected to the grid since the beginning of 2011. This plant, which
is part of an innovative European research program based on EGS technology, was ini-
tiated in 1987 by the Bureau de Recherches Géologiques et Miniéres (Genter 1990).
Moreover, the geothermal heat plant in Rittershoffen inaugurated in 2017 is the first
geothermal heat plant worldwide for industrial uses. It is a model for the energy transi-
tion, and together with the EGS power project in Soultz-sous-Foréts, it demonstrates
that deep geothermal energy can be developed almost anywhere, powering and heating a
cleaner, more sustainable Europe (Mouchot et al. 2018). France can be considered to be
at a high geothermal development stage.

Research methods

In the framework of the IGCP636Y UNESCO project led by the University of Medellin
(Colombia), and in collaboration with the Institut national de la recherche scientifique
(INRS) (Canada), Andean Geothermal Center of Excellence (CEGA) (Chile), Uni-
versité de Mons (Belgium), Université de Rennes (France), and Bureau de Recherches
Géologiques et Miniéres (BRGM) (France), a survey of 15 questions was conducted, with
six of them discussed below. The remaining nine questions were related to general top-
ics associated with other renewable energies, and not specifically to geothermal energy,
which is why they are not presented here. The countries chosen are a function of the
project collaborators. The survey aimed to explore the opinion of the respondents on
deep geothermal energy and its possible development, including the eventual use of
hydraulic stimulation as a feasibility mechanism.

Questionnaire design

The survey was available in English, Spanish, Dutch, and French, with a qualitative
approach, and formulation to accommodate the respondent’s desire to answer or not,
including the option to select "I do not know—I prefer not to answer". Two descrip-
tive texts were provided as background information to answer two of the six questions
discussed in the article (Additional file 1: Appendix A). The first text was used to sup-
port the question: “What is your opinion of the use of geothermal energy for electric-
ity production in your country?” Deep (high enthalpy) and shallow geothermal energy
(low enthalpy) were differentiated in this first text. The second text was used to explain
that hydraulic stimulation is sometime required in geothermal projects to improve the
permeability of the rock and thus increase the feasibility of a project for electricity gen-
eration. The following question was asked: “If hydraulic stimulation is required, what is
your acceptance of the development of a pilot geothermal energy project in your coun-
try?”. The texts were designed in a clear and simple way so that technical details or words
used did not influence the answers of the respondents (Additional file 1: Appendix A).

Data collection

The survey was built on the QuestionPro platform and shared through emails, social
media, dissemination at geothermal conferences, bulletins from the CEGA in Chile and
BRGM in France. The respondents were mainly people having a high level of education,
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with a completed or ongoing university education. Because of the methods used to share
the survey, it is likely that a part of the respondents has a background in engineering
and/or geoscience fields, or is somewhat familiar with those areas, which facilitates
their understanding of the survey. This part of the population is relevant, regardless
of whether it is representative or not to the views of the general public, since it is the
group of the professional stakeholders, according to Fung (2006). Sharing the survey
online was the best option to achieve the goal of this study with the available project
resources, although some segments of the population could not be represented among
the respondents. This survey has therefore been considered an exercise to establish the
basis for a future survey that can evaluate the social perception in each of the countries,
with responses representative of the whole society.

This survey was based on a previous study conducted by Malo et al. (2015) in the prov-
ince of Quebec (Canada) and the main differences were: (1) the translation to different
languages, since the survey conducted in Quebec was done in English and French; (2)
the dissemination method, since the survey conducted by Malo et al (2015) was coordi-
nated by a professional company, Leger, a Canadian Institute specialized in surveys; (3)
the coverage, since the work conducted by Malo et al. (2015) presented a local approach
(Quebec province). The survey conducted in Quebec was designed by the market
research and analytics Canadian company Leger that pre-tested the questionnaire with
a selected number of respondents to ensure its internal logic and smooth operation. The
analysis described here is therefore based on a well-founded structure and well-designed
survey. The average time required to complete the survey was 9 min.

Sample

The survey was distributed at the end of 2016 for approximately 4 months. The responses
received were filtered to consider only those that were given by people enrolled in a uni-
versity program or that already completed it, in order to select the same segment of pop-
ulation in each country. In total, 1063 responses have been therefore considered for the
analysis described here and they are distributed as follows: Belgium 150, Canada 258,
Colombia 249, Chile 193, and France 213. All the results analyzed here are related to
multiple-choice questions. Demographic information was queried at the beginning of
the survey to verify the respondents’ fit into the segment of population considered in this
study, based on the highest education program in progress or completed by the respond-
ent. To check if the responses to the survey were statically representative of the popula-
tion in each country in terms of gender, one question about gender was included in the
survey. In general, the sample reflects more or less the distribution in the population of
each country (Table 1). In terms of age, the most represented range is 31-50 years for
Canada, Belgium, and France, while it is 17-30 years, for Colombia and Chile.

Additionally, the age ranges of respondents are shown in Table 2.

Results

The answers to the questions of the survey analyzed here are presented in this section.
The results on the acceptance of deep geothermal energy to generate electricity, with
and without hydraulic stimulation, are presented together to compare how the accept-
ance percentage changes if EGS technology is considered (Table 3).
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Table 1 Percentage distribution of respondents by gender

Percentage distribution by gender

Canada

Colombia

Belgium

France

Female Male Female Male

Female Male Female Male Female Male

Whole country 50.3 49.7 509 49.1 49.2 507 517 483
Respondents to this survey 46.6 534 507 493 44 453 432 56.8
Table 2 Percentage distribution of respondents by age

Age Percentage
Colombia 17-30 49.5

31-50 37.3

51-80 132
Chile 17-30 558

31-50 339

51-80 103
Canada 17-30 254

31-50 55.1

51-80 19.5
Belgium 17-30 337

31-50 449

51-80 215
France 17-30 21.2

31-50 534

51-80 255

Table 3 Acceptance of geothermal energy for electricity generation, with and without

hydraulic stimulation

Strongly agree
and Somewhat

Strongly disagree
and Somewhat

1 do not know/I
prefer

agree disagree not to answer
1 Acceptance of deep geo-  Belgium 79.49 12.82 7.69
thermal energy to gener-  3nada 84.81 1148 3.70
ate electricity (without )
mentioning hydraulic Colombia 84.72 11.35 393
stimulation) Chile 96.46 2.53 1.01
France 78.34 15.21 6.45
2 Acceptance of deep geo-  Belgium 62.82 2244 14.74
thermal energy consider- 5444 77.41 1556 704
ing, eventually, the use )
of hydraulic stimulation Colombia 69.43 25.76 4380
Chile 86.87 1061 253
France 60.37 28.11 11.52
% difference 2-1 Belgium — 1667 9.62 7.05
Canada — 741 4.07 333
Colombia  —15.28 1441 0.87
Chile —9.60 8.08 1.52
France — 1797 12.90 5.07

Page 9 of 21
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Description of main issues related with energy production

As a result of the question “What are the main issues related to energy production in
your region?’, environmental impacts and the development of renewable energies
appear to be the main concern in each of the countries surveyed, except for Chile, where
respondents attribute the type of resource used as the second most important aspect
(Fig. 1). The type of resource used to produce energy and the cost of energy produc-
tion are the third and fourth topics selected for Canada, Colombia, Belgium, and France,
while achieving energy diversification, energy supply and energy independence appear
to be of lesser importance among the respondents.

Self-assessed level of knowledge

Based on a self-assessment, respondents expressed their level of knowledge about geo-
thermal energy. Figure 2 shows the results obtained from the population surveyed start-
ing from a qualitative scale that gradually increases from "Never heard" to "Very well",
with the option of answering the question or not. The results show that for the respond-
ents in Chile and Canada there is high knowledge with 79 and 64%, respectively, for the
answers "Well" and "Very well". France with 49% and Belgium with 44% present greater
knowledge than Colombia with 35%, but less than Chile and Canada. It is important to
note that, except for Colombia with 9%, only less than 3% of respondents indicated they
have never heard about geothermal energy. These results show that the respondents in
Chile and Canada are very familiar with geothermal energy, while in France and Belgium

they have an average knowledge and in Colombia a low level of knowledge.

Acceptance of geothermal energy production
In relation to the acceptance of geothermal energy production, respondents were asked
on a qualitative scale from "Strongly disagree" to "Strongly agree", with the option of

Among the followingissues related to energy, what are the two most
importantin your region?
30%

25%

m The type of resource used to produce
energy
W Renewable energy development
20%
Environmental impacts
B Achievement of energy diversification
15%
Cost of energy
Energy efficiency
10%
Energy supply
m ® Energy independence
5% i

Canada Colombia Chile Belgium France

Fig. 1 Description of main issues related with energy production
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France 3 6

Chile 1 3

Colombia

©
-
7}

Canada 1 3

Belgium 2 10

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Never heard Slightly ®™Somewhat M Fairlywell ®WWell ®VeryWell mIdon'tknow/ | prefer not to answer

Fig. 2 Knowledge about geothermal energy

France 0 4

Ch”e 11.—
Colombia 2 2
Canada 1 3

Belgium 2 2

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly disagree ™ Disagree M Slightly M Slightly agree M Agree M Strongly agree ®1don't know/ | prefer not to answer

Fig. 3 Acceptance to produce geothermal energy

answering "I don’t know/I prefer not to answer", about their level of acceptance of geo-
thermal energy production in their country. It is shown that the respondents in each
country indicated a high level of acceptance for "Strongly agree" and "Agree", where
Chile shows a higher level of acceptance compared to the other countries with a per-
centage between "Strongly agree" and "Agree” of 92%, followed by Canada with 78% and
France, Belgium and Colombia with 71, 72, and 66%, respectively (Fig. 3).

Page 11 of 21
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Acceptance of deep geothermal energy to generate electricity, with and without hydraulic
stimulation

Questions with respect to this subject were accompanied with an explanatory text
(Additional file 1: Appendix A). The focus of the questions was to explore the acceptance
of a geothermal project for electricity generation, with and without the use of hydraulic
stimulation. After the first explanatory text about the difference of geothermal energy for
electricity generation and heating production, the respondents show high acceptance,
with a minimum value of 79.49% for Belgium and a maximum of 96.46% for Chile. After
the description of hydraulic stimulation applied to geothermal reservoirs, a decrease in
the acceptance was observed, with a maximum reduction for France of 17.97% and mini-
mum for Canada of 7.41%. It is also important to mention that the respondents showed
insecurity with respect to the implementation of geothermal energy requiring hydraulic
stimulation, but they are not inclined to accept or deny its acceptance, that is, impartial-
ity increases (Table 3).

Conditions that should be satisfied to support a geothermal pilot project

Figure 4 shows the conditions that must be met to improve acceptance of geothermal
pilot projects. A pilot project is an initial small-scale implementation to prove viability
of a larger deployment. In the context of power generation, pilot-scale projects are dem-
onstrating technologies that use specific sources to provide safe and reliable operation
of the plant, engineering data, and confidence in the design and construction of future
installations. Pilot plants may become commercial-scale power operations at particu-
larly favorable locations (National Research Council 2010). Among the most important
issues identified are guarantees for the conservation of the landscape and protection of
the environment, guarantees in terms of the safety of personnel and of the communi-
ties close to the plant, and information and consultation with the community on the

70%

M Guarantees of power plant and neighboring

60% community public safety
b

M Neighboring community compensation
50%

Guarantees of landscape and environment

protection
40%

Guarantees of job preservation or new
employment opportunities
30%

Information, concerted actions, and
dialogue with the local community

20%
Project conducted by public entities
(government, university....)
10%
B No matter the conditions, | will not support
this kind of project
0w M (™ [ | | - Al I s 0

Canada Colombia Chile Belgium France

Fig. 4 Conditions that should be satisfied to support a pilot geothermal project
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activities carried out in the territory. It is important to bear in mind that the least impor-
tance was given to financial compensation to the community and to guarantees for the
preservation of employment or for new employment opportunities.

Discussion

The respondents were asked to self-assess their degree of awareness about geothermal
energy and to express their opinion and perception about energetic issues, acceptance of
geothermal energy for electricity production, and implementation of a pilot project with
and without the use of hydraulic stimulation. The selected segment of population has,
in general, a medium/high awareness about geothermal energy. Therefore, this exercise
indicates that outreach activities should address the remaining segments of the popula-
tion. In the following subsections, each topic is separately discussed, following the same
order used to describe the results in the previous section: (1) issues related with energy
production; (2) self-assessed level of knowledge; (3) acceptance of geothermal energy
production; (4) impact of hydraulic stimulation, and (5) conditions that should be satis-
fied to support a pilot geothermal project.

The highlights of this study can be summarized as follows: (1) this exercise pro-
vides the first attempt to explore the geothermal perception of a segment of population
in countries belonging to different development categories; (2) in general, highly edu-
cated people have a medium/high knowledge of geothermal energy and may contribute
to develop knowledge-sharing mechanisms throughout the whole society, and (3) out-
reach activities that should be implemented to foster geothermal development have to
address specific segments of population.

In the analyzed countries highly educated people show higher awareness about geo-
thermal energy than what is indicated by studies that are representative of the whole
population (Carr-Cornish and Romanach 2014; Pellizzone et al. 2017). Likewise, in the
five countries there is a growing interest in promoting the use of geothermal resources,
such that joint studies are useful to share experience and policies.

The main differences are associated with the local economic, social, politic, and energy
background. In the literature, there are no publicly available studies that compare the
perception of geothermal energy in areas belonging to different development conditions
as done here, with countries from Europe, North and South America. However, it would
be hard to quantitatively compare the answers to this survey if the respondents lived
in completely different scenarios. In addition, the development of a geothermal project
is site-specific and must be adjusted to the needs of local stakeholders (Benighaus and
Bleicher 2019). Furthermore, it can have an opposite outcome within the same country,
as shown by Yasukawa et al. (2018) in Japan. Therefore, this study focuses on a qualita-
tive analysis of similarities and differences that provides an interesting insight into geo-
thermal perception for a specific segment of the population.

Description of main issues related with energy production

Energy is seen as a critical factor in providing prosperity for a modern society, but, on
the other hand, is a potential source of environmental damage (Wadstrom et al. 2019).
Therefore, there is a close relationship between the production of electricity and envi-
ronmental impacts, which is determined by sources used for its production. Sources of
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electrical energy such as fossil fuels, water resources and nuclear fuel are associated with
an environmental cost, such as GHG emissions, rigorous procedures for long-term stor-
age of nuclear waste or degradation of aquatic ecosystems. These factors, together with
the high dependence of Chile on fossil fuels (O’'Ryan et al. 2020), of Colombia and Can-
ada on hydroelectric energy (Gémez and Navarro 2018; CER 2020), and of France and
Belgium on nuclear energy, make up a critical panorama in environmental aspects and
explain the strong concern of respondents about the environmental impacts associated
with electricity production. Along the same line, the future development of renewable
energies, which are presented as a tool to fight the main environmental aspects asso-
ciated with electricity production (Owusu and Asumadu-Sarkodie 2016), is the second
most important issue identified in the results (Fig. 1).

The results obtained can also be interpreted considering the specific context of some
of the countries. In Chile, there was a serious electricity crisis that required rationing in
1998 and 1999, and subsequently, there was a significant increase in the cost of power
generation in 2007 and 2008, which showed that Chilean installed capacity was not suf-
ficient and that the entire energy system was weak, since it depended mainly on imports.
Looking at the “Achievement of energy diversification” response option, France has the
highest percentage (7.5%), among all the countries analyzed, perhaps because nuclear
energy in 2015 represented 78% of electricity generation, the highest share worldwide
(IEA 2017), indicating that people would like to switch to other kind of energy sources,
considering all the issues related with nuclear power generation. Energy efficiency, sup-
ply, and independence can be analyzed together in Belgium. The obtained responses
can be affected by the risk of electricity shortage experienced during the winters pre-
ceding this survey and explained by technical problems and the temporary closure of
some nuclear power plants. This feeling can be exacerbated by the government decision
to close all nuclear power plants by 2025 (IEA 2016), affecting the energy matrix of the
country, where 49.9% of the energy, in 2017, came from nuclear power (FEBEG 2020).
If nuclear power plants are closed by 2025, there will be an impact on the economy:
energy imports will be required, and cost will be affected. Therefore, this can explain
why respondents are interested in the issue of energy independence.

In addition, it is important to highlight that the cost of energy is one of the main issues
raised in these countries. It can be related to the need to develop renewable energies,
since they should have a lower end-user cost than conventional fossil fuels-based energy,
as demonstrated by the ongoing competitiveness of the mature renewable power gen-
eration technologies—hydropower, bioenergy and geothermal, together with a contin-
ued improvement in the competitiveness of solar and wind power technologies (IRENA
2020).

Self-assessed level of knowledge

The level of knowledge of geothermal energy is addressed here from a general viewpoint,
considering both low and high enthalpy systems. Therefore, the results to this question
are described from a general perspective. Although there is a limited overall understand-
ing associated with geothermal energy for general public (Cataldi 1999), Fig. 2 shows a
medium-high level of knowledge, except for Colombia, where a lower level of knowl-
edge is shown.
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In Chile, a study conducted by Vargas (2018) about a community near the Villarrica
volcano in the Araucania region suggests that there is a low level of understanding of
the technology involved in geothermal energy production. At the same time, the Chilean
national survey conducted in 2016, indicates that around the 30% of Chilean population
is aware of geothermal energy as a source of electricity (Chilean Department of Energy
2017).

In Canada, Malo et al. (2015) indicated that the population in the Quebec province has
a low level of knowledge about surface and deep geothermal energy.

The panorama in Europe is not different to what is happening in Canada, Chile, and
Colombia with respect to the level of knowledge: according to the European Geothermal
Energy Council (Reith et al. 2013), the levels of information and awareness about the dif-
ferent technologies, in particular geothermal energy, can be qualified as low.

Colombia presents the lowest knowledge, which may be related to the level of early
geothermal development. It is important to note that the Colombian Association of Geo-
thermal Energy (AGEOCOL) has created different events to disseminate information on
geothermal energy, which began in December 2016 with the first national geothermal
energy meeting (RENAG) held in Bogot4, just after the implementation of this survey.
This could explain the low degree of awareness about geothermal energy recorded.

The results of this survey contrast with the general level of knowledge indicated by the
studies mentioned here, except from Colombia. The results strictly apply to a specific
group of the population, mainly constituted by persons with post-secondary education.

Acceptance of geothermal energy production

The level of knowledge of a given technology is not necessarily proportional to its
acceptance. Therefore, a question was established to better explore the acceptance of
geothermal energy production. This is based on the concept that the social acceptance
of geothermal development is not simple (Allansdottir et al. 2019). The results of the
question indicate (as presented in the section “Description of main issues related with
energy production”) that the acceptance of geothermal energy by people who completed
the survey is high for all countries, even though the acceptance of a technology is not
easy to address from a social perspective. The moderate—high acceptance shown by the
respondents may also be associated to the general awareness of global warming and cli-
mate change, as well as the importance of a diversified energy matrix, which are topics
frequently mentioned in the news and scientific community. It seems that an intuitive
or technical knowledge of general or specific aspects of geothermal energy allows peo-
ple to associate geothermal systems as a technology that opens the door to the energy
transition. However, this result is specific for this type of population and it should not
be generalized. In fact, there is limited evidence that more informed individuals show
higher acceptance of low carbon technologies, and in some cases the effect can even be
the opposite (Volken et al. 2018; Dubois et al. 2020). Although some studied indicated a
correlation between knowledge and acceptance, others reveal that the levels of support
were independent of levels of awareness (Devine-Wright 2007). Moreover, acceptance
varies for each specific project and area of implementation, but a good public informa-
tion campaign can help communities to correctly understand the different challenges
of the project (Colla et al. 2020). In general, the acceptance of new energy technologies
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has been investigated by different scientific disciplines, but a coherent overview is still
missing (von Wirth et al. 2018). It is therefore worth conducting specific case studies,
such the survey described here focused on geothermal energy, to increase the range of
available experiences that can be analyzed and compared to foster the development of
renewable energies.

Acceptance of deep geothermal energy to generate electricity, with and without hydraulic
stimulation

The question about the acceptance of geothermal energy for electricity generation,
indicating a maximum value for Chile with 96.46% and a minimum for Belgium with
79.49%, showed the consistency of the respondents with the answers presented in the
previous sections. In contrast, in Chile, the national survey conducted in 2016 and cov-
ering all population segments indicated a lower acceptance (Chilean Department of
Energy 2017), confirming that the acceptance varies with the population segment inves-
tigated. When evaluating geothermal electricity production with hydraulic stimulation,
the results showed a decrease in all countries, with a maximum decrease of 17.97% for
France and a minimum of 7.41% for Canada. It is notorious that hydraulic stimulation
techniques generate an impact or have a great relevance in the acceptance of the peo-
ple surveyed, since it can be confused with hydraulic stimulation processes for shale
gas extraction. Hydraulic stimulation for geothermal energy has been compared by the
public with techniques implemented in hydrocarbon exploitation and associated with
fracking (Biello 2013; Sun et al. 2017). This tendency can generate what is defined a con-
troversy spillover, particularly a technology spillover in this case, as observed in the case
of Switzerland (Cuppen et al. 2020). Therefore, in several regions of France, there are
people who are opposed to hydraulic stimulation for geothermal energy since they point
out the risk caused by technology used to facilitate water circulation in the rocks (Meng
and Ashby 2014; Chavot et al. 2018). Even though there is a decrease in the acceptance
of high enthalpy energy with the implementation of hydraulic stimulation, the accept-
ance is above 50%, with a minimum of 62.82% in Canada and a maximum of 87.81% for
Chile, indicating that for the public surveyed geothermal energy has fair acceptance.

Conditions that should be satisfied to support a pilot geothermal project

The implementation of a new energy technology, such as geothermal, is limited by com-
munity acceptance of its development. To narrow the gap between energy development
and acceptance, several conditions must be met to enable communities to support pilot
projects. In this case, the public surveyed has selected some aspects that they believe
should be satisfied. The aspect that is highlighted as most important is the guarantee of
environmental protection, which has been a common factor in the acceptance of geo-
thermal studies (Carr-Cornish and Romanach 2014; Chavot et al. 2018), since the rela-
tionship between electrical energy and environmental impacts has resulted, in recent
years, in the acceleration of climate change. Therefore, in the implementation of new
technologies, a balance must be achieved between electrical production and the envi-
ronment, and aspects such as the contamination of water resources must be minimized,
while appropriate long-term monitoring must be ensured. The second aspect selected
by the respondents reflects the need to guarantee the safety of the communities living
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close to the plant. In this regard, Bustaffa et al. (2020) described that, although geother-
mal energy is considered a clean and sustainable energy source, its use as for any other
kind of energy generation, could produce an impact both on the environment and on
the health of the communities living close to the power plants. Some geothermal plants,
depending on their technology and on the geological characteristics of the reservoir, can
generate gas emissions, such as hydrogen sulfide, hydrogen, ammonia, and volatile met-
als, among others. However, it is important to highlight that these emissions are gener-
ally lower than those generated by other energy sources (Bosnjakovi¢ et al. 2019), that
they can be mitigated with appropriate technologies (Baldacci et al. 2005), and that
binary power plants do not generate emissions (DiPippo 2012). Involving communi-
ties in geothermal projects can improve their position in the acceptance of geothermal
energy. Although this survey has been carried out for a specific sector of the society,
the answers are consistent with the results of other work focused on social acceptance
(Carr-Cornish and Romanach 2014; Malo et al. 2015; Pellizzone et al. 2017). Therefore,
environmental aspects, citizen participation, and the integration of social objectives
should be a central focus in the implementation of geothermal energy.

Conclusions

An online survey conducted in Canada, Colombia, Chile, Belgium, and France is used
as a tool to explore and characterize geothermal energy awareness and acceptance in
a social segment primarily constituted by people with post-secondary education. Data
were collected without any restriction to people who may answer. As a result, only
respondents with high-level education were selected and considered for the analysis.
The available participants for this research project were somewhat limited as the Ques-
tionPro platform could be left open only for 3 months; reminders to invite the public
to fill out the survey were regularly sent, but there were no tools to directly contact the
respondents. Being an online survey, only the connected portion of the population could
be reached. The acceptance and awareness of a technology can be based on the under-
standing of technical aspects or it can just be intuitive. In this survey both facets are
considered and are not differentiated, since they both represent the knowledge of the
respondents. The acceptance and awareness of geothermal energy have to be analyzed
considering the current specific energy context of each country, as context changes may
affect future perception.

Chile and Canada are the countries where the surveyed population shows a high
degree of awareness of geothermal energy, while France and Belgium are characterized
by a medium level and Colombia by a low one. These results are strongly dependent on
the public segment selected for this survey, since, if the whole population is considered,
a different scenario can be obtained, as shown by the Chilean National Energy Survey
conducted in 2016 (Chilean Department of Energy 2017). France and Belgium have sim-
ilar behavior and trends in percentages for all questions, while several differences can be
observed when comparing North and South American countries. In general, the results
of this survey show that there is a strong acceptance of electricity generation from deep
geothermal resources, although this acceptance decreases when hydraulic stimulation is
required. Nevertheless, a positive assessment is still observed in all countries.
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The positive acceptance of geothermal energy identified in the social segment sur-
veyed in these five countries can contribute to unlocking new geothermal resources
or to increasing their current utilization, depending on the current development at
each site. However, since the results presented here do not fully characterize com-
plete social acceptance given that the respondents are not representative of the whole
society, site-specific outreach and education programs may be required for any new
geothermal project. Awareness campaigns can be organized for different sectors of
the society to provide basic guidelines to foster geothermal development, since geo-
thermal energy is generally not widely known.

Based on this first experience, a new questionnaire involving different sectors of the
society to evaluate the acceptance of geothermal energy can be envisioned. This future
study can be conducted in a greater number of countries, limiting the responses to
the identified target population. Countries belonging to the “1 GW geothermal coun-
try” club can be compared to those with incipient geothermal development. This kind
of study can be used to establish guidelines to work with the communities, providing
discussion opportunities for the growth of this energy source worldwide based on the
experience of those sites where geothermal power generation has been successful.
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