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Abstract: Geothermal energy is a resource that has the potential for development in many countries
around the world. Despite its versatility and economic viability, this resource faces numerous obstacles that hinder its deployment and capacity for achieving a similar market share as other renewable
and clean energy sources. Both technical and non-technical barriers can be highly detrimental to
the implementation of geothermal projects. A social license to operate (SLO) is a tool that can help
the deployment of geothermal energy. As a new concept, SLO is little developed in the business
literature but is still being adopted in many industries. Its main challenges reside in its contextdependence and the lack of clear frameworks to utilize it. This paper introduces, in a first known
attempt, through a qualitative approach, a conceptual model of the social license to operate in the
geothermal energy sector. For its development, three case studies, working group discussion and
surveying were conducted in the framework of the H2020 funded CROWDTHERMAL project, which
aims to empower EU citizens for direct participation in geothermal projects through crowdfunding.
Findings of this paper also drew on existing general conceptual models of the SLO, and experiences
from other sectors that have developed their own SLO models. The paper contributes to a more
contextualized understanding of the social license within the geothermal sector and sheds the light
on practices and challenges that influence the acquisition and maintenance of SLO in geothermal
energy projects and initiatives.
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1. Introduction

with regard to jurisdictional claims in

With the increasing need to achieve the energy transition and mitigate climate change,
renewable energies have become a necessary alternative to conventional energy sources,
such as fossil fuels. While certain forms of renewable energy like solar and wind have
become increasingly popular, geothermal lags behind and faces a slow development,
despite its ubiquity and efficiency.
Geothermal energy is heat generated within deep Earth and stored throughout its
crust. This natural clean indigenous resource is available all around the globe, and its
concentration is highly dependent on the general geological context (greater concentrations
in hydrothermal systems in volcanic regions, at plate boundaries, lower concentrations in
thermal gradient in shallow levels). Geothermal resources can, thus, be harnessed either
for electricity production or directly used for heating, cooling, and hot water [1,2].
Compared to other alternative and renewable energies, one strength and uniqueness
of geothermal energy resides in its stability, power, low to no gas emissions, and the large
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spectrum of its applications, regardless of meteorological conditions [3,4]. According to
the Technology Roadmap for Geothermal Heat and Power, issued by the International
Energy Agency, geothermal energy could contribute by 2050 to about 3.5% of global
electricity production (~1400 TWh per year), avoiding a yearly ~800 Mt of CO2 emissions [5].
Moreover, geothermal energy proved to be a team player in the renewable energy mix,
with its capacity to provide and integrate hybrid configurations and, therefore, increase
energy security and efficiency [1,6,7]. However, despite its reliability and ubiquity, similar
to other resources, this alternative energy faces its own particular challenges, limiting its
deployment. These challenges include fundamental technical barriers, such as geological
certainty and accessibility, the high cost of development, and potential environmental effects
linked to practices such as induced seismicity, land changes, noise and sight pollution, gas
emissions, and soil subsidence [8–15].
Although technical barriers may hinder, to an extent, the implementation of geothermal projects (and this has given incentive to many initiatives to engineer new solutions and
mitigate environmental impacts [15,16]), the social barriers and perception of geothermal
energy remain a critical obstacle to its deployment, limiting its chances of financing and
securing support at different governance levels. This issue is not exclusive to geothermal
energy; in the context of the global energy transition and efforts to tackle greenhouse
emissions, approval of the implementation of renewable energies by the public is as important as their technological reliability [17–20]. Despite the large acceptance of renewable
energies as a concept, examples from various countries showed that public resistance
can be detrimental to the implementation of renewable energy technologies (RET) and
infrastructure [20–24]. This resistance was connected by social scientists, mainly to the lack
of understanding at the local level of renewable energy [25], which translates often into
opposition (manifesting among other things through the NIMBY (not in my back yard)
syndrome [26,27], a concept deemed too simplistic and not reflecting the complexity of the
different elements and factors leading to this resistance [28]). Among the other renewable
and clean energies, geothermal is yet one of the least understood by non-expert communities; therefore, more subject to skepticism from communities. Given its nature as a resource
that is harnessed from the subsurface, its perception from the public can easily be negative,
especially in the absence or lack of communication and awareness campaigns, incoherence
with local policies, and an unmatching purpose of the project [29]. Failing to socially engage
with the community and initiate a good quality dialogue upstream can quickly become
detrimental for the future of a geothermal project. In the light of these non-technical barriers
preventing deployment of this resource, and in the dawn of the geothermal decade [30,31],
aiming to reposition geothermal energy as a major player in the energy transition, an
increasing number of geothermal developers are realizing the importance of gaining social
support and maintaining it order to ensure the successful deployment of this resource and
achieve its legitimacy as a viable clean alternative solution in the new energy era we are
currently transitioning to. The process of building and maintaining this social support is
part of the ‘Social License to Operate’ (SLO) construct [32]. Given that SLO is relatively a
new paradigm and that the geothermal industry is still emerging, the lack of experience
and clear model, as well limited literature on the subject, contribute to maintaining this
challenge and, consequently, slowing down the overall progress of geothermal energy
deployment. Although SLO is a term mentioned across the industry [33], its understanding
is still abstract in the absence of a guiding framework.
Through this paper, we are seeking to explore the concept of the SLO, its potential
role in supporting geothermal energy deployment, and propose—in a first known attempt,
a conceptual model of the SLO in geothermal energy. This study is based on qualitative
research, performed within the CROWDTHERMAL [34] project framework, through surveying and working group discussions, involving different actors from the geothermal
field (geothermal developers, NGOs, and scientists).
This paper will begin by exploring the definition and general theoretical frameworks
of the SLO, through a comprehensive literature review. It is followed by an outline of
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the methodological approach followed in this research. The Section 4 explores at first
the definition of SLO in geothermal energy, then the conceptualization process of SLO is
presented, where we identify the stakeholders and their concerns (two key elements in
addressing SLO in terms of challenges and practices), including an analysis of the case
studies of this research. The second part of Section 4 will finally present the conceptual
framework of SLO in geothermal energy and associated mitigation strategies to address
stakeholders’ expectations.
2. Social License to Operate (SLO): A Literature Review
A social license to operate (SLO) is a multiscale, multilevel, intangible agreement
that represents an implied consent from affected stakeholders towards projects developed
by businesses or industries, independent from legal or statutory requirements [35]. This
theoretical construct emerged in the late 1990s in the mining industry [36] and has since
become ubiquitous in natural resources industries. Beyond the extensive research focus
on the application of this concept in the extractive industries, SLO is also used to an
increasing extent in other sectors, such as forestry, agriculture, blue economy, renewable
energy, and pulp and paper manufacturing [32,37–44]. An ethical concept, the SLO term
was deployed by the United Nations (UN) Guiding Principles on Business and Human
Rights (UNGPs) and the UN ‘Protect, Respect and Remedy’ Framework and was utilized
as grounds for responsible business conduct and a tool to broaden the concept of corporate
social responsibility (CSR) [45].
2.1. The Nature of SLO
Some studies classify SLO in two categories: instrumental and critical [38]. The
instrumental aspect of the SLO relates to its structure and components, particularly on
ways businesses or industries might achieve and maintain social and political trust and
legitimacy [38]. Indeed, although legal contracts for business operations are mandatory
for any development operations, those regulatory approvals do not necessarily equate to
social approval of the same activity [32]. A legal license is issued by a legal authority, while
a social license is perceived as something that must be earned from the community [46].
Besides, SLO is also a highly dynamic, changeable, and context-dependent concept [32]. It
is an ongoing process that runs through the entire lifecycle of a project [39] and varies in
construct and strength from one industry to the other [32].
SLO draws from concepts of corporate social responsibility [47] and has linkages with
concepts, such as sustainability and sustainable development [32]. In current diversified
and novel socioeconomic and environmental contexts, SLO has become an important
part of the discourse on resources extraction among academics, community engagement
practitioners, and industry executives, and the need to attain an SLO ranked in the past few
years as third on a list of the top ten industry challenges [48,49]. The SLO is also an ethical
construct, hence its critical nature. The social capital built around the SLO fosters the ethical
behavior of businesses. Indeed, businesses building community with various stakeholders’
groups, even when a shared vision is not possible, is what makes those stakeholder groups
partners in solving problems, rather than protestors, and makes, therefore, this consultative
process of ex-changing expectations, signaling priorities, and seeking amenable solutions
of material importance [50,51].
2.1.1. A Multilevel and Multiscale Construct
SLO is not restricted to local operations only, it also applies to multiple scales and
levels. Indeed, SLO can be examined within regional and national contexts, as well as at
the international level, in order to determine not only whether single operations hold a
social license with their community but also whether entire industries have earned their
social licenses from the broader public [32,52].
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2.1.2. SLO—A Trust and Legitimacy Tandem
The need for an SLO implies a growing pressure on businesses and industries to seek
and gain acceptance from stakeholders. According to some studies, decrease of public trust
in governmental institutions and the legitimacy of some environmental regulations are
correlated to the SLO necessity [38,39,53,54].
Indeed, strong public opposition can affect the success of a project, and the withdrawal
of an SLO can put an immediate halt to a development activity or project.
2.1.3. A Measurable Concept
Part of the conceptualization of an SLO includes indicators that help measure its levels.
These social metrics are connected to social engagement activities, aiming at enhancing
public knowledge, through communicating technical complex information to non-technical
stakeholders. Indicators vary, according to the social license framework, e.g., economic
legitimacy, socio-political legitimacy, institutional trust, and interactional trust are SLO
indicators. SLO is ideally measured at the beginning of the project, during the business
case phase, to establish a baseline, and then research is repeated periodically through the
other phases of the project. On the other hand, studies emphasized that SLO may vary
in their strength [55]. This variation reflects the different levels of social approval and
acceptance [47,56]. The distinction between approval and acceptance reflects the “two
levels of the SLO: the lower level being acceptance and the higher-level approval” [47].
2.2. How Is SLO Used and Acquired?
Since SLO is a relatively recent theoretical construct, a relatively small quantity of
systemic literature reviews has been dedicated to understanding its conceptual evolution
and implication for management practices [57].
Context-dependent by nature, SLO is usually obtained on a project or community
specific basis, as each situation and community are different.
The social license, in the context of a natural resource project, requires trust. As trust
legitimates—in a social license—decision processes, it is also the basis for and result of
good governance. Building trust and credibility with stakeholders requires continuous,
effective, and timely communication activities, as well as meaningful dialogue and ethical
and responsible environmental and social behavior [58].
Efforts to gain SLO start prior to the implementation of the project. Conducting social
studies is a first step for organizations to understand the social structure and be aware of
the concerns and perceptions of stakeholders.
Asmus [59] identifies three key issues that must be resolved when constructing an SLO:
1.
2.
3.

How is “the community” defined? Is there a strict geographical limitation to “community”, and are elected officials given greater or equal status to local citizens?
If there is a lack of consensus within the “community,” what process validates any
decision-making (i.e., a majority vote of the local governing body; a referendum)?
Third item. Absent a political process, what exactly represents an adequate level
of consent?

2.3. SLO Theoretical Frameworks
SLO can be developed through three frameworks, identified by Gehman et al. [60], in
an attempt to structure the SLO process, these structures are the: pyramid, triangle, and
three-strand models (Figure 1).
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zation procedure combined both the descriptive and interpretative approach to identify
the data. Thematic analysis approach contains six main steps; getting familiar with the
data, generating initial codes, searching for themes, reviewing potential themes, defining
and naming themes, and, finally, producing the report [75].
The analytical framework draws on the SLO-related theories, such as acceptance and
involvement. Moreover, reflections from the literature review and group discussions

shaped the further development of analysis structure. The developed framework recognizes that investigating SLO requires three categories; definitions/models, influencing factors and impacts, which can be seen in Table 1.
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Table 1. Analytical framework of SLO.
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Figure 5. SLO perception around natural resources industries (based on Hall et al., [32]).
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4.2. Conceptualizing SLO in Geothermal Energy—A CROWDTHERMAL Study
CROWDTHERMAL is a Horizon 2020 funded project, of which the central objective
is to empower the European public to directly participate in the development of geothermal projects, with the help of alternative financing schemes (crowdfunding) and social
engagement tools [34]. The CROWDTHERMAL consortium includes ten parties, with
the aim to shed light on social aspects, financial alternatives, and risk mitigation strategies for geothermal projects development. Within the project, there are three case studies
and several working groups operated, and one of them addresses the topic of the SLO.
The working group includes seven members from different geothermal sectors (private,
NGOs, research).
CROWDTHERMAL case studies involved in this work are aimed to provide an indepth understanding of the conceptualization of SLO. They are located in Spain, Hungary,
and Iceland. The selection of those three case studies was determined according to their
geothermal context and utilization, the range of the development stages, and cultural
values and perceptions of geothermal energy.
In the following section of this article, we explore the different constituents of the
SLO conceptual framework. Based on case studies, SLO working group discussions, and
prior stakeholders’ analysis in the framework of the CROWDTHERMAL project [78], we
identify (1) groups of stakeholders who influence SLO, (2) their issues and concern, (3) value
creation, and (4) classification of issues (tangible and intangible).
4.2.1. Stakeholders Identification
The focus on stakeholder and community support for geothermal (and other industrial) projects requires answering the following question—who “grants” the social license?
Identifying which stakeholders might influence SLO is a key challenge. In general, the
stakeholders identified to be most likely relevant to questions of SLO in the geothermal sector fall into two main categories. There is a core stakeholders’ group usually geographically
connected to the project, and another group broadly and indirectly connected to it.
From the CROWDTHERMAL stakeholder’s analysis [78], the stakeholders identified
through the case studies go under the following roles: initiators of the project, operators,
constructors, direct and indirect users, local authorities (municipalities, districts, regions,
provinces, and city & county councils, and other government tiers), financial investors
(e.g., private, EU funds), scientific communities (universities, research centers, geological
surveys), non-profits organizations (advocates for clean energy, environmental associations,
etc.), residents, multiplicators (media, tourism sector, word-to-mouth), and facilitators.
As SLO is a multiscale construct, geothermal stakeholders also occur at a broader scale.
Stakeholders differ from one place to the other and from one project to the other. However, Geothermal ERANET stakeholder analysis in 2013 identified geothermal stakeholders
at national level in several participating European countries. The broader stakeholders
group include:

•
•
•
•
•
•

Government institutions,
Academic institutions,
Power industry (important in some countries, where high-enthalpy resources are
already exploited or where a high potential is expected),
Industry, private companies,
Public,
Non-governmental organizations (NGOs).

4.2.2. Stakeholders’ Issues and Concerns
Addressing stakeholders’ issues and concerns is a crucial part in the process of establishing a successful SLO. It is important to acknowledge the potential of geothermal to
have both negative and positive effects. Geothermal energy development can create an
important shared value and positive impacts, as well as considerable negative impacts,
if not properly dealt with. It is, therefore, important to identify the negative aspects that
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4.2.3. Creation of Mutual Benefits
4.2.3.
of Mutual
Benefits
A Creation
crucial point
for positive
attitudes towards projects is indeed value creation and
addressing the economic value of sustainability. With the promises of cleaner and renewable
energy and more sustainable and climate-friendly living, comes the responsibility to bring
economic value to the stakeholders, especially to the local communities [84]. This aspect
can be pivotal in geothermal energy’s social acceptance and a strong and sustained SLO.
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4.2.4. Impacts: Tangible and Intangible
Unwanted physical effects of geothermal energy development projects may have an
impact on: (a) ecosystems (air, land, flora, wildlife, and surface and underground water); (b)
human health and safety from water and light pollution, noise, gas emissions, and induced
seismicity and (c) the economy (detrimental impact on some production activities, tourism,
and damages to crops and private properties) [85]. Moreover, landscape modifications
and alteration of natural features during project implementation processes often trigger an
opposition from the residents, which grows as the project proceeds, especially in areas with
resources suitable for geothermal-electric generation [15]. Consequently, geothermal energy
is increasingly labeled by the public as costly, polluting, and dangerous for people’s health.
Environmental factors can affect public acceptance of geothermal energy. Distinguishing between actual and perceived environmental risks is challenging in the communication
with the public. Below is a list of geothermal energy tangible impacts and their manifestation [30].
In Europe, the share of shallow geothermal systems (mostly Ground Source Heat
Pump (GSHP)) amounts to 66.5%, direct use 26.2% and electricity 7.3% (installed capacity).
Shallow (and low enthalpy deep) geothermal systems environmental factors include:

•
•
•

Risk of groundwater contamination;
Land subsidence and deformation;
Visual/noise pollution;
Deep high-enthalpy geothermal systems count the following environmental factors:

•
•
•

Emissions (degassing and blow-out) and non-condensable gasses (NCGs) (e.g., CO2 ,
H2 S, NH3 );
Induced seismicity and land subsidence among the major negative acceptance factors;
Visual impact and increased noise levels.

Moreover, when different energy options are available in the same area, opposition
to geothermal energy projects can be instrumentalized by parties to encourage the use of
energy sources other than geothermal. Indeed, geothermal energy is part of a whole new
energy market related to sustainability. The development of geothermal energy projects
can face fierce competition with other green/renewable energy industries, especially when
the latter are much more cost-competitive and easier accessible. Therefore, on an intangible
level, the context can be quite determinant, and taking into consideration potential conflicts
of interest is crucial. One more factor identified through the working group exchange is
the relevance of the resource utilization; indeed, the relevance of the application and the
scale of the utilization of geothermal energy is an influencing factor in supporting or not
a geothermal development project. According to the CROWDTHERMAL SLO working
group outcomes, when geothermal energy is not redeemed relevant by the communities
and stakeholders as a potential energy source, the chances to gain social approval and
support are minimal.
4.3. Conceptual Framework for SLO in Geothermal Energy
Defining who are the stakeholders, what their concerns and challenges are, and how
these can be addressed is fundamental. Through the proposed model below, we are
aiming to provide a comprehensive model that integrates correlated values through social
capital and engagement, SLO measurability, mitigation strategies to navigate the SLO
barriers. In doing so we seek to increase understanding of the interconnected parameters
influencing the SLO and to provide, thus, a more practical perspective to navigate SLO in
the geothermal energy sector (Figure 7).
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capital. Effective communication and awareness around mutual benefits increase indeed
the chances to raise a higher social capital and, therefore, create more acceptance around
projects developments.
Stakeholders: This part of the SLO model includes the two categories of stakeholders
(core stakeholders, and governance bodies & broader stakeholders). The core stakeholders
are the local communities, local authorities (e.g., municipalities, etc.), direct users, sci-
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entists/local universities, local NGOs, and all the directly impacted stakeholders. The
governance bodies and broader stakeholders are the communities and authorities at larger
scales (national, regional, international), indirect users, international funding bodies, larger
communities of practice/universities, NGOs.
The conceptual framework can include an additional component: Factors. These represent the other influential elements on the SLO acquisition, revision, and maintenance. They
include the needs of the stakeholders, especially the local communities and the relevance
of the proposed projects to those communities. Relevance of geothermal development
projects is intrinsically linked to the national (and also regional and international) strategic
energy utilization, and this may influence—sometimes in a domino-effect, decision-making
about moving forward with a certain project or not. Another linked factor is legal and
economic licenses. These can be considered both as factors and independent variables (as
per the SLO Three-strand model), which are recurrent in geothermal development projects.
These licenses can be indeed connected to the social license in a holistic approach—the
legal license comprises all regulatory permits and statutory obligations, while the economic license comprises demands of profitability raised by investors, lenders, managers,
etc. [60,86]. Environmental and financial risks are also factors which can arise at any stage
of geothermal projects and SLO. Competition and industry perception tend to be an omnipresent challenge and factor in approving geothermal development projects. Finally,
continuous dialogue is a crucial factor throughout all the processes, stages, and levels of
the SLO.
4.4. CROWDTHERMAL Case Studies: Challenges and Lessons Learned
4.4.1. Spain
The Spanish Case Study is the project “Edificio Arroya Bodonal” in Tres Cantos,
Madrid. It includes 80 houses powered by geothermal heat pumps and a ventilation system
with integrated heat recovery, providing heating, cooling, and domestic hot water (DHC).
The Arroyo Bodonal Cooperative (constituted in 2003), established the project with the aim
to develop residential buildings powered by sustainable energy and operating at a high
level of energy efficiency. The city of Madrid counts several similar cooperatives, which
chose geothermal heating and cooling systems to ensure the supply of renewable energy
and a high level of energy efficiency to the city’s buildings. The project operator reported
that the success of such initiative was mainly attributed to coherence between the initial
plan and the implementation process, fostering, therefore, the trust element between the
operator and the stakeholders.
“The commitment of the cooperative members allowed to take the project to the
end without making changes on it, despite the difficulties and the attempts to
modify it.”
Another reported parameter highlighted by the project operator was “the importance
of the figure of an expert geothermal consultant”, which helped establish credibility.
“Involving an expert or consultant with deep knowledge on geothermal and the
project itself as well as the minimum performance required, who is able to defend
and stand for cooperative members’ interests during the whole project was an
indispensable part of our project implementation process.”
According to the project operator, previous promoters missed a tool that guarantees
confidence and credibility in the geothermal project from the project stakeholders’ side (i.e.,
investors, financial entities, subcontracted companies). Therefore, the project followed the
Trias Energetica model [87], ensuring the sustainability of the entire residential block.
“As this model was the base of the whole project, the integration of the geothermal
system was immovable for cooperative members.”
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4.4.2. Hungary
The municipally owned District Heating Company of Szeged, SZETAV, supplies heat
and domestic hot water to 27,256 apartments (predominantly in 4–10 storey blocks of
housing projects) and 433 public buildings (schools, kindergartens, retail units) in Sze-ged,
Hungary—a city of 162,593 inhabitants near the Hungarian-Serbian-Romanian tri-border.
Since 2018, SZETAV and its partners have carried out the largest geothermal district heating
overhaul in Europe. When complete, the district heating in Szeged will be 60% less
polluting, its energy supply will be local, and its operation will be more economical.
Within the framework of the Szeged project 1700—2000 m deep thermal wells are
drilled in the Upper Town, in Odessa housing estate, in the northern part of the city, in
Tarján and in Rókus, to produce 70 m3 /h thermal water at 90 ◦ C. According to the plans,
with the help of deep geothermal energy a total of nearly 20 million m3 of natural gas would
be replaced with 600,000 GJ of geothermal energy per annum, reducing the greenhouse gas
load of the city of Szeged by 35,000 tons/year, improving air quality and security of supply.
The 70-million-euro development is funded from European Regional Development Fund
(ERDF) sources (under the KEHOP-Környezeti és Ener-giahatékonysági Operatív Program
(Environmental and Energy Efficiency Operative Programme in Hungary) scheme) and
private investments.
According to the project operator, despite the remarkably low risk of the project
(5 ◦ C/100 m geothermal gradient, 100 mW/m2 average heat flow and a 1500 m thick Upper
Pannonian aquifer), initial public concern was still high towards the developments and the
social license to operate a challenge to obtain. The reasons for complexity in obtaining the
SLO included a combination of technical, political, economic, and social factors.
“ . . . producing thermal fluids from and injecting them into the same aquifer
might be a sustainable practice, but with widely disseminated examples of failed
attempts at injection into Upper Pannonian sandstone, mitigating risks is critical
and both the construction and the operation of injection wells need to follow
strict protocols, and have to utilize state-of-the-art know-how to be successful
and to ease anxieties over such installations.”
“ . . . significantly increasing the production of the Hungarian-Serbian crossborder geothermal reservoir is a political and environmental issue, which needs
to be addressed from the aspects of diplomatic protocol on the one hand and
dynamic water-base monitoring on the other.”
“ . . . with utility costs of private households fixed by law in Hungary, changing
costs of primary energy do not affect heating bills. This results in the end-users
being uninterested in switching to renewable, as high investment costs will not
get balanced by lower heating bills. Thus, it becomes increasingly important to
highlight the environmental advantages of geothermal.”
“ . . . drilling 9 production and injection well-triplets and laying pipelines in a
densely populated city is a significant annoyance for inhabitants, and a major
technological and PR challenge during planning and execution.”
“This is our 6th geothermal District Heating (DH) project in the region: what’s
new this time is that Szeged is by far the biggest city in the region, and interactions
with the locals are frequent. In smaller towns, picking a well location away from
the houses was easy—this time we are literally 40–50 m away from 4-10 storey
buildings and we cause a lot of disturbance.”
The project operator indicated that more time, effort, and means should have been
dedicated early in the project, to involve the community in the process and, therefore, avoid
complaints and resistance from the local stakeholders.
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4.4.3. Iceland
The Icelandic case study is a project in its early stages. The goal is to develop a concept
for a community greenhouse in Húsavík, a small town in Northeastern Iceland. The project
has a geothermal aspect, which is to utilize the local geothermal district heating system to
heat up greenhouses to prolong the cultivation period. It also has a social aspect of engaging
the community to collaborate on the project, to engage different stakeholder groups, and
to foster and encourage innovation and entrepreneurship in geothermally-driven food
production. The general level of acceptance for geothermal in Iceland is particularly high,
the challenge is thus to maintain the interest of the relevant stakeholders in the long run.
This challenge is crystallized in the following quote from one of the developers of the
Icelandic case study:
“People are happy that something is happening in their society and are happy to
participate in discussions on the matter. I guess, in the next phase, when we start
to hammer out more precisely the project itself, it will be more difficult to keep
people’s engagement. We definitely learned about the importance of engaging
the community. That has been our biggest focus.”
4.5. Mitigation Strategies
4.5.1. Co-Production and Technical Solutions
Geothermal development is subject to the Environmental Impact Assessment (EIA)
directive. A regulatory decision-making tool, the EIA framework dictates the identification
and analysis of environmental stressors, and their inherent hazards and potential direct
and indirect effect on population, habitats, and living organisms (GEOENVI-H2020 Project).
Given the dynamic nature of geothermal projects, EIA processes are challenged to become
case-dependent and adopt an approach focused on the area where the project is developed rather than the standard structural approach. This means that EIA in geothermal is
processed at several stages of the project development.
The inclusion of stakeholders in this process can, therefore, become an opportunity
to help leverage the SLO and reach high levels of trust, as this incites co-management
and co-production processes and, therefore, strengthens co-ownership or psychological
identification and pride in collective achievements among stakeholders.
4.5.2. Intersections between SLO and Impact Assessment (IA)
SLO is gaining more attention from IA experts. In fact, SLO is sought after by IA communities as the concept presents several interesting opportunities [88]. Indeed, whether for
environmental, social, health, human rights, or other aspects to be assessed, SLO might inform or even change IA. Through the measurable indicators, SLO offers an important means
of operationalizing impact prevention and mitigation, particularly in the environmental
aspect. Strategic Environmental Assessments or SEAs provide an option for addressing
broader regional issues that might emerge in energy development projects. SEAs can be
used among other means as a mitigation tool of adverse environmental effects, a booster
of transparency and credibility towards strategic level decision-making, and supporting
planning and longer-term legal licensing.
4.5.3. Dialogue and Community Engagement
Qualitative studies in geothermal social perception show that engagement activities
are essential and should be included in all stages of the geothermal project’s development,
thus reflecting an approach that understands and responds to the dynamics within a given
region/area [83]. This approach is, therefore, case-dependent and cannot be standardized
to all types of geothermal developments everywhere in the world [89]. Community engagement, thus, needs to be a continuous process throughout all geothermal project phases,
including early stages [90], in order to ensure stakeholders’ informative and participatory aspects.
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The analysis of the inputs from the CROWDTHERMAL SLO working group related
to communication challenges and the importance of community engagement point to the
necessity to address stakeholders concerns not only on a technical level but also on a sociotechnical one, which covers the interaction between people and technical aspects related to
the project. Being aware of the social and cultural context, community engagement can be
tackled with the aim to build trust and create more cohesive stakeholders on a social level.
It would be characterized by a joint vision, shared values, intrinsic motivation, as well as
transparent and trustworthy communication.
Dialogue, on the other hand, represents the “interaction interface between the project
operator and the stakeholders, and it should be maintained at all stages of the project, even
when SLO is at its highest and full trust achieved” [48,75,91].
4.5.4. Negotiation and Politics
The absence of an SLO can lead to community resistance, which can create delays,
extra expenses, or reputational damage to the geothermal development projects and their
operators. Failures to secure an SLO may lead stakeholders to use formal processes
(e.g., environmental assessment processes) to block the granting of a legal license [50,92].
Moreover, the broader and more widespread the impacts of a project, the harder it is to be
granted and then preserve an SLO. Mediation processes are, therefore, crucial in the stage
where SLO is withheld or withdrawn. Negotiating with local regulators and communities
of practice [38], i.e., scientists, can be determinant in establishing legitimacy and addressing
the highly conflictive issues necessary in order to gain acceptance.
5. Concluding Remarks
The concept of the social license to operate (SLO) is context-dependent in practice and
in business ethics, strongly relates to corporate social responsibility. The co-existence of businesses and people within a community relies on the development of strong relationships
based on trust and mutual respect.
The general aim for a geothermal SLO, as an ethical concept, is to build bridges of trust
and transparency between the geothermal industry and communities and help support
the co-production process, as part of the efforts to create mutual benefits and social capital.
Being a domestic resource, geothermal energy has the potential of bringing a remarkable
value to the socio-economic fabric, especially in the context of the global energy transition.
From a practical perspective, the SLO is tied up with factors such as technological
developments, legal licenses, economic licenses, reputational risk, financial risk, leadership,
corporate social responsibility, and businesses’ core values. Lack or withdrawal of SLO can
put a project in jeopardy, despite the presence of a legal license and solid regulatory base.
Therefore, a strong and comprehensive approach is critical to obtain and maintain an SLO.
The deployment of geothermal energy is dependent on stakeholders’ acceptance [93], and
project shareholders are required to make geothermal development projects as participatory
and transparent as possible, especially with the current energy transition framework and
sustainability efforts [94]. Good quality dialogue, at all stages, is necessary to gain and
maintain the SLO and anticipate conflict. Our findings show that innovative participatory
financial schemes, such as the ones suggested in the CROWDTHERMAL project, can
support the co-production process and ease the financial risk related to geothermal projects.
Alignment of values is also fundamental, in order to build solid social capital, reach a coproduction level, and, with it, achieving trust, the ultimate boundary of the SLO. Sustained
value creation and tapping into mutual benefits can take geothermal energy a long way,
SLO being a thermometer of trust between geothermal operators and stakeholders. This
not only applies to specific projects and initiatives, but also to the industry as a whole.
To support the institutionalization of SLO concepts into practice, some recommendations can be derived for potential actions taken on the policy level. The described
conceptual approach points out the importance of SLO criteria as a principle public interest, in terms of an acceptable transformation. Thus, measures regarding the regulatory
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frame should also be used to encourage developers to invest more efforts in establishing
participatory activities on the local level and reaching an SLO. Looking at other infrastructures, such as wind energy projects or transmission lines, some significant developments
towards a broader and comprehensive public and stakeholder involvement can be observed over the last decade, both in planning participation and financial benefits (e.g., for
the case of local municipalities, e.g., the change of the renewable energy act in Germany
in 2021, regarding financial participation for residents and municipalities in wind energy projects). Learnings from these examples can be transferred and integrated into
geothermal SLO procedures.
Besides the regulatory frame, softer measures can also be taken. By defining the levels
of social sustainability as one criterion for public contracts or co-funding, depending on
the degree of fulfilling SLO criteria, the self-commitment from developers towards SLO
can be encouraged. For transparency and standardization, the achieved degree of SLO
criteria can be documented by a seal or a certificate (an example is the seal fair wind
project in the federal state of Thuringia, Germany). Finally, the diversity of geothermal
energy applications broadens the stakeholders’ spectrum, making its related SLO more
complex to analyze. More research is needed to better constrain the specificities of the
SLO in geothermal energy. In order to examine the possible additional or special variables
involved in the social license to operate in geothermal energy, a comparison of geothermal
projects in different geological/enthalpy and regional/cultural contexts, as well as different
systems, is recommended.
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Nomenclature
SLO
IA
DHC
RETs
NCGs
EIA
NGOs
DH
KEHOP
ERDF
GSHP
EU
CCS

Social License to Operate
Impact Assessment
Domestic Hot Water
Renewable Energy Technologies
Non-Condensable Gases
Environmental Impact Assessment
Non-Governmental Organizations
District Heating
Environmental and Energy Efficiency Operative Programme in Hungary
European Regional Development Fund
Ground Source Heat Pump
European Union
Carbon Capture and Storage
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UN
UNGP
NIMBY

United Nations
United Nations Guiding Principles
Not in My Back Yard
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