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Preface

Keywords Geothermal energy * Public engagement * Social aspects
Energy transition

Genesis of the Book

Once upon a time, the scientist or the innovator conducted experiments in the lab,
and shared results, models, and theories with other experts before presenting them
to the whole society. The white coats were the unquestioned leading actors of
techno-scientific development and the place of research and innovation was first of
all the laboratory. In this context, the public was not part of the process of research
and innovation. The public «could chose to learn the results of the laboratory
sciences or remain indifferent to them, but it could certainly not add to them,
dispute them, and even less contribute to their elaboration» (Latour 2004, p. 17).

Today the story has changed place, protagonists, and narrative. The public has
become a major actor in the techno-scientific realm. This is not only because
citizens pay taxes and want to have a voice on how public money are invested (“no
taxation without representation” becomes here “no innovation without representa-
tion”, Latour 2004) but also because citizens are end users of scientific and tech-
nological developments, making their views and needs extremely important—we
would say founding—in the innovation process, also from the innovators per-
spective. Moreover, key enabling technologies (KET) such as information and
communications technologies (ICT), 3D printing, and distributed energy resources
(DER) are encouraging experiences of civic codesign, bringing social intelligence
directly into the innovation process and fostering the development of bottom-up and
frugal innovation.

The key role of the public is particularly important for energy technologies and
energy transition, dealing with the so-called trilemma of (1) climate changes,
(2) energy security, (3) energy justice (meaning here as socioeconomic challenges
and inequalities, see also Chilvers and Longhurst 2016). Energy-related issues are
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characterized by high levels of complexity and thus require a sustained and rea-
soned public dialogue. First, “they bring into play multiple interconnected elements
combining technical, behavioural and institutional issues” (Pidgeon et al. 2014);
second, they have different scales of analyses (local as well as global); third, the
level of uncertainty and/or ignorance, for instance to our energy and climate future,
is high. Finally, research on energy and climate is not happening in a closed site, as
the laboratory may be, but across the entire planet.

The complexity of the energy issue, and the transitions towards a low carbon
future, brings into play a complex system of values and of powers, requiring a
continuous, alert, public scrutiny. The debate about the connection between energy
transition and democracy is becoming lively and several actors (academic, pro-
fessional, civic groups, decision makers) are suggesting new frameworks to reshape
the discussion around and the governance of our energy future. This is because the
energy system—and the way it is organized—has profound implications on indi-
vidual and social dimensions such as happiness, freedom, equity, welfare, and due
process (Sovacool et al. 2015), becoming a matter of values, social justice,
democracy, and power (Stirling 2014). The distributed nature of renewable energy
sources (RES) requires a profound change of infrastructures and in the economical
and political organization of our society, which is currently based on a fossil-fuel
centralized system. The current situation is often described as “carbon lock-in”
inertia, meaning that in order to introduce alternative energies we need a process of
technological, social and institutional co-evolution (Lehman et al. 2012).

In this framework, the development of participative governance in the energy
realm is becoming a pressing issue and geothermal energy makes no exception.
Understanding the behavior of social and political actors and facilitating and enabling
public participation in the energy transition are described as two key actions towards
the strengthening and the acceleration of the energy transition in the European
Strategic Energy Technology Plan (see Annex IV: Research and innovation actions,
Part IV: cross-cutting aspects).” At a global level, at the 2Ist Meeting of the
Conference of the Parties of the United Nations Framework Convention on Climate
Change in Paris, a coalition of 38 countries and over 20 development and industry
partners joined forces in the Global Geothermal Alliance (GGA), a platform for
enhanced dialogue and knowledge sharing within the constituency as well as for
coordinated action to increase the share of installed geothermal electricity and heat
generation worldwide.” In September 2017, the governments reaffirmed their com-
mitment to work together to identify and implement measures that will significantly
increase the speed of geothermal energy development around the world, under the
terms of the Florence Declaration promoted by GGA.?

Thttps://www.sintef.no/globalassets/project/eera-ccs/ir—annex-i-_-part-iv—detailed-contributions-
from-the-stakeholders—v2014-10-20.pdf.

Zhttp://www.globalgeothermalalliance.org/.

3http://www. globalgeothermalalliance.org/assets/pdf/Florence_Geothermal_Declaration_September
2017.pdf.
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Considering the old habit of humankind to make use of hot fluids naturally
flowing at surface for heating, cooking, healing purposes, there should be no doubt
that the use of geothermal energy is ancient. Thanks to technological optimization,
the geothermal energy applications widened in number of use and scale. But there
were two main applications that marked the uplift of geothermal energy as a global
energy source: the production of electrical power, tested and proved in Tuscany
(Italy) in 1904 and then launched at the industrial level on 1913, and the geothermal
district heating, whose concept was born in Boise (Idaho, USA) on 1890 and
adopted in Reykjavik (Iceland) in 1930. Both geothermal electrical power and
geothermal district heating can be considered as important revolutions in the energy
field and are among the first attempts to not rely solely on fossil fuels for two of the
most demanding energy demands, e.g., electricity and residential heat.

Such a pioneering past of geothermal energy among renewable energies is not
only unknown to most people, but, in a certain way, it represents a disadvantage.
After a golden age in the 1970s and 1980s, with a jump in technological devel-
opment and production similar to what we see now in solar and wind technologies,
the interest in geothermal energy declined in parallel to oil price reduction.
Geothermal technology was considered mature and it did not receive attention and
research funding for about two decades. Moreover, those early brave attempts and
consequent technological development were pursued with a trial-and-error logic, in
years when environmental concerns were minimum, monitoring was based on
opinions more than on data, and numerical simulation and effect forecast were
partial. Some negative effects of the early deployment, also due to the wild, and
often inconsiderate approach in some areas, and the lack of baseline data for
environmental assessment remain impressed in the geothermal Curriculum Vitae.

To assist the current energy transition to low carbon technologies, any energy
source, including geothermal, is under the critical lens of environmental groups and
citizens living in the surroundings of operative or proposed energy plants. The
geothermal sector is under public scrutiny and needs to proceed in a sustainable and
responsible way. Geothermal plants, in operation or planned, have faced opposition
in various countries. The matter goes beyond the technical issues, and requires
social science studies and public engagement.

Such a topic is relatively new in geothermal practice, and still very restricted in
literature but geothermal energy is well positioned in number of scientific publi-
cation in social related topics with respect to other energy sources. It seems that the
geothermal sector pays more attention to social issues than other technologies, as
shown by the results of a preliminary analysis, synthetized in Table 1. Searching in
ScienceDirect” the number of papers related to various energy technologies and, for
comparison, to leading topics of public interest (genomics and geo-engineering) in
the last decade (2008-2018) we found that, in general, social science and public
engagement represent a very minor part of the technology-related literature (as also

‘A leading search engine of peer-reviewed scholarly literature with over 3800 journals and more
than 37,000 book titles.
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Table 1 Results of a desk research in ScienceDirect in the timeframe 2008-2018.

Technology Number of publications | Social/Total rate %

Energy Total 387,437 0.14
Social related issues 528

Geothermal Total 4666 0.43
Social related issues 20

Solar energy Total 26,422 0.06
Social related issues 17

Wind energy Total 11,486 0.37
Social related issues 43

Biomass Total 52,159 0.12
Social related issues 61

Nuclear energy Total 11,329 0.23
Social related issues 26

Hydroelectric Total 1064 0.28
Social related issues 3

CCS Total 4777 2.22
Social related issues 106

Genomics Total 31,641 0.04
Social related issues 14

Geo-engineering Total 142 4.23
Social related issues 6

We searched articles containing—in keywords, in abstract or in title—the word “geothermal”
together with one of the following: “public engagement” or “social aspects” or “public perception”
or “social acceptance”. Data Source: Science Direct 2008-2018

highlighted in Sovacool 2014). Within this restricted domain, geothermal energy
scores third for rate of social topic over the total number of publications, after
geo-engineering and carbon capture and storage (CCS) technologies.

Beyond a still scarce presence of social studies accompanying energy research
and innovation, it is also important to stress that scholars consider public engage-
ment from different perspectives, e.g., behavior change, social acceptance, public
consultations, activism—as the emergent social movement “energy democracy”
(Burke and Stephens 2017)—grassroots innovation, that results in a rather frag-
mented and inhomogeneous picture. This is also the case for public engagement
with geothermal energy as it is fragmented and underexplored both in terms of
conceptual frameworks and in policy making and energy governance. Our tentative
approach to this issue is to consider the engagement of the public not only as
consumers (becoming prosumers in the case of distributed renewable energy
technologies) but as codesigners and as citizens.

When contacting our colleagues across the globe to ask for their interest in
contributing to the book Geothermal Energy and Society, we told them that the
book would have been focused on the social issues connected to geothermal energy.
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At a first sight, this book could be described as something building bridges between
different disciplines (i.e., earth sciences, engineering, and social sciences) and
actually the interdisciplinary approach of this book is evident starting from the
multidisciplinary expertise of the authors of the volume. However, as you are going
to understand from the following chapter, the ambition of this book goes a little bit
further than linking separated fields of study and/or different countries in the globe.
By adopting a systemic approach, our goal is to focus on the interaction between
the energy and the society realms as an emerging disciplinary domain in itself,
contributing to the development of new tools for a participated governance of
geothermal energy (and for energy innovation).

How This Book is Organized

This book is composed of two main sections or blocks, as described by Fig. 1. The
first block introduces to the main topics treated by the book, so that readers will be
able to understand the whole content of the book regardless of their background.

Geothermal terminology and technology is briefly explained in Chapter “General
Introduction to Geothermal Energy”, with some detail regarding environmental
aspects. Chapter “Policy and Regulatory Aspects of Geothermal Energy: A
European Perspective” describes policy and regulation adopted in Europe and
regarding geothermal applications, as a proxy of global inhomogeneous situation
and complexity. The point of view of geothermal energy companies is described in
Chapter “Business Strategies in Geothermal Energy Market: A Citizens-Based
Perspective”, where the Corporate Social Responsibility approach is described,
while Chapter “Geothermal Energy and Public Engagement” expands the per-
spective to incorporate any societal actor in the process of technological innovation.

Basics and p|Chapter5 p|Country p| Conclusions
Generals Case Studies

Chapters 1-4 Toward Public |Chapters 6-16
; Engagement ]

Fig. 1 Book’s structure
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Fig. 2 Global distribution of geothermal applications (heat producing countries in red, electricity
producing countries in yellow. Stripes indicate production of both heat and electricity). Countries
described in our case studies are highlighted by purple pins. Data Source Lund and Boyd 2015,
Bertani 2016

Chapter “Drawing the Picture: Public Engagement Experiences as Tools
Towards an Emerging Framework™ introduces the readers to the second block,
where country Profiles with case studies from eleven countries around the Globe are
presented. These chapters have been written following a common framework, so
that analogies and peculiarities of each country can be easily retrieved.

The eleven cases described in this book, although partial with respect to the
many countries using geothermal energy (Fig. 2), refer to cases of large geothermal
production and potential and/or to extensive social engagement studies and policies.

The final chapter, conclusions, attempts to bring together all the country profiles
and cases studies by comparing and contrasting what kinds of public engagement
mechanisms and processes were put in place; what and who prompted social sci-
entific research on geothermal energy and society in that particular country; what
were the results and if and how they were implemented in policymaking for energy
innovation and finally levels of knowledge about geothermal energy of the general
public. From this synthesis, we attempt to derive input into policymaking and to
propose steps towards an action plan for the future.

We hope you will enjoy the book as we enjoyed organizing, reading, and
analyzing it. We are happy to have had the occasion to include so many case studies
in a book, and we are sure that many will discover something new in the following
chapters, either in the details or in the comparison of the different cases.

The multi- and interdisciplinary approach of the book will be evident proceeding
with the reading. We believe that it will result in a mutual learning process and will
help to build a framework for researchers, operators, and policymakers.
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Summary

This book explores the diverse aspects of the relationship between the technological
harnessing of geothermal resources and the societies and local communities in
which these developments take place. The responsible use of geothermal energy
can help with mitigating the effects of climate change and contribute to the
development of a renewable and sustainable energy mix in the transition toward a
low-carbon society. As with all other developments in the energy sector, a sustained
societal dialogue is essential as society plays an active role in either accelerating or
preventing the development of new energy technologies. This volume introduces a
theoretical framework for a social scientific approach to the field and represents the
first tentative collection of empirical case studies on geothermal energy and society
from across the globe. It is organized in two sections. The first section is intro-
ductory to the issue of geothermal energy and the related policy and societal
aspects, and is followed by a selection of eleven case studies constituting the second
section. A conclusive chapter brings together the various contributions and sets out
the lessons learned for this sector.

The book will be of interest to researchers from a range of disciplines involved
with questions relating to energy and society.
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General Introduction to Geothermal M)
Energy Checkfor

Adele Manzella

Abstract This chapter describes geothermal energy as a source of renewable
energy, its use in the production of heat and electricity, and the main applications
and technologies. Geothermal energy is the thermal energy stored underground,
including any contained fluid, which is available for extraction and conversion into
energy products. Electricity generation, which today produces 73.7 TWh (12.7 GW
of capacity) worldwide, usually requires geothermal temperatures of over 100 °C.
For heating, geothermal resources that span a wider range of temperatures can be
used in various heat applications such as; space and district (and cooling, with the
appropriate technology), spas and swimming pools, greenhouses and soil, aqua-
culture ponds, industrial processes and snow melting. The geothermal heat pro-
duced worldwide is 164.6 TWh, with a capacity of 70.9 GW. Geothermal resources
are immune from weather and seasonal variations, and can produce a base-load
(continuously) or adapt to the energy demand, providing a flexible and “smart”
renewable energy source. To guarantee a sustainable use of geothermal energy, the
consumption rate should not exceed the generation rate, so that the heat removed
from the resource is replaced within a similar time scale, and geothermal plants
typically produce energy below a certain level. In addition, any impact on the
environment should be controlled, mitigated and managed. Any non-sustainable use
of geothermal technologies can create a misperception of geothermal energy and
social resistance to geothermal development.

Keywords Geothermal energy - Technological applications + Environmental
performance - Economic aspects

A. Manzella (D<)

National Research Council, Institute of Geosciences
and Earth Resources, Via Moruzzi 1, 56124 Pisa, Italy
e-mail: manzella@igg.cnr.it
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2 A. Manzella

1 Introduction to Geothermal as a Source of Energy

The term “geothermal” refers to the thermal energy stored beneath the surface of the
solid Earth. This energy is huge, and derives principally from planetary and geo-
logical processes. Our planet has been slowly cooling since its formation, and this
primordial heat moves from the Earth’s interior towards the surface, where it dis-
sipates. Geological processes, and in particular the decay of long-living radioactive
isotopes contained by crustal rock minerals, add to this continuous release of heat.
Depending on the geological conditions, the amount of heat released at the Earth’s
surface varies from place to place and over time. On average, the amount of heat
that is released from the interior through a unit area in a unit of time, known as the
Earth’s heat flow, amounts to 57 mW/m? in the continental crust and 99 mW/m? in
the oceanic crust (Barbier 2002). If we were able to use all such heat, we would
meet any energy demand. However, this is not possible since the energy is too
dispersed.

The term geothermal energy refers to the portion of the Earth’s thermal energy
that we can access, bring to the Earth’s surface, and use for our purposes.

The continuous release of heat produces a general decrease in temperature from
the inner part of the planet toward the surface. Since we access the underground
from above, we tend to think of the temperature as increasing as we go deeper.
The geothermal gradient, i.e. the variation in temperature with depth, depends
on the heat flow and thermal conductivity of the rocks. The highest values,
40-80 °C km ™', are observed in volcanic areas or where the crust is particularly
thin and hot, e.g. in mid-oceanic ridges or where magma is close to the surface
(Arndt 2011). In subduction zones or stable continental areas, the gradient is the
lowest possible, on average around 20-30 °C km™ .

At the surface there is, however, a very limited but important portion of
underground that is influenced by the outer temperature. Within a depth of a few
meters, the ground is affected by seasonal changes in air temperature, and the
gradient fluctuates correspondingly. Just below this depth, the ground temperature
is essentially stable and the same as the average air temperature, which is the effect
used in cellars for storing food and wine. Further below, the “planetary” geothermal
gradient takes over (Fig. 1).

Technologies that take advantage of the thermal stability of the shallow
underground for heating and cooling purposes are defined as shallow geothermal
technologies. Technologies developed to access great depths to retrieve and use
temperatures above the annual mean air temperature are referred to as deep
geothermal. The threshold between these two general realms has been thinning over
time, with hybrid technological solutions that optimise the energy production.

Water as a carrier of heat is mostly used to extract energy from underground. As
the crust is highly fractured and thus permeable to fluids, surface water, essentially
rainwater, penetrates at depth and exchanges heat with the rocks. The warm or hot
water circulating in the underground rocks is reached by wells and extracted, and
their heat used. Large production requires access to a large quantity of heated water
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Fig. 1 Temperature variation with depth: shallow distribution, with seasonal changes and thermal
stability (an example from the northern hemisphere, mid latitude condition) (left); average
(30 °C km™") and actual temperature gradient as could be recorded in geothermal wells (right)

that circulates in hydrothermal reservoirs, however new technologies are expanding
this concept, and currently geothermal energy does not rely solely on hydrothermal
reservoirs.

Section 2 describes various technologies that have been designed to optimize the
extraction and concentration of energy, and to use the heat in various processes and/
or to generate electricity. Section 3 investigates geothermal as a renewable energy,
in the sense that it is continuously generated underground. Renewability does not
automatically imply sustainability, i.e. the ability to be sustained, which is linked
more to the scope of geothermal technologies.

2 Technologies for Heating, Cooling and Electricity
Production

For centuries of geothermal surface water was used for heating and therapeutic
purposes, or for extracting elements and minerals. In the last hundred years,
geothermal technologies have revolutionized this concept. Today, depending on the
temperature of the fluid, geothermal waters are used for many different applications,
including electricity generation, which is the most important use of
high-temperature geothermal resources (usually higher than 120 °C).

2.1 Heating and Cooling Production

Geothermal energy can be employed directly as heat without further conversion
into other types of energy. The heat demand represents a significant share of the
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final energy consumption for space heating, especially in cold countries, as well as
for agricultural and industrial processes. Geothermal heat production could meet the
demand simply by providing fluids at the required temperature. After extraction
from the ground, fluids are directly circulated in the heating system or, more
frequently, exchange heat with clean water through a heat exchanger. Geothermal
fluids are then re-injected into the subsurface in a typical doublet or triplet system
(as in Fig. 2).

The main types of geothermal heat production technologies are used for space
heating and cooling (including heat pumps), bathing and swimming (including
balneology for therapeutic purposes), agricultural (greenhouses and soil heating),
industrial processes (food and drink preparation being the most common), and
aquaculture (mainly fish farming).

Geothermal technologies mainly involve the optimal location, access and
extraction of fluids from the ground, managing the heat exchanger and the heat
production as a function of heat demand, and reinjecting the fluid into the ground.
Any interference with other aquifers, and extensive cooling of the original,
geothermal aquifer have to be avoided. Geothermal systems are usually capital

Re-injection
well

Production
well

Fig. 2 Doublet-Triplet system used for heating purposes. Production well in red, injection well in
blue. A third well, in brown, can be optionally used for injection and production, alternatively
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intensive, the main costs being the initial investment in production and injection
wells, and down-hole pumps. Operating expenses, however, are lower than con-
ventional systems, considering that the energy source is free of charge and pro-
duction can be adjusted to the energy demand.

The most important thermal application of geothermal energy is for district
heating, where a doublet-triplet system is added to a district heating system (Fig. 2).
The operation temperature is usually in the range of 70-90 °C, and entails
accessing a depth of 1-3 km.

The agricultural applications of geothermal fluids, usually at an operational
temperature of a few tens of °C, consist of a plant-growing temperature control in
open fields (seldom used) and greenhouses. Soil heating is provided by burying thin
pipelines where warm fluids are circulated. Greenhouse can be heated by the forced
circulation of air in heat exchangers, hot-water circulating pipes or ducts located in
or on the floor, finned units located along the walls and under benches, or a
combination of these methods.

Geothermal heat can be used in animal husbandry, in particular in aquaculture,
in the controlled breeding of aquatic forms of life. The size of the installation
depends on the temperature of the geothermal source (usually a few tens of °C), the
temperature required in the fish ponds, and the heat losses from these ponds.

Industrial applications mainly include process heating, evaporation, drying,
distillation, sterilization, washing, de-icing, and salt extraction. Other minor
applications for the bottling of water and carbonated drinks, production of paper
and vehicle parts, oil recovery, food processing and milk pasteurization, leather
industry, chemical extraction, CO, extraction, laundry use, pulp and paper pro-
cessing, and borate and boric acid production have also been reported. The oper-
ational temperature spans a large range, from a few tens up to 100 °C.

The described way of using the fluids at the required temperature, known as
passive or “free” heating and cooling (H&C), is one of the most environmental
friendly forms of H&C available, and the basis of most thermal uses of geothermal
energy until recently. However, the passive use has a limitation: it must adapt to the
temperature of the natural groundwater available, which is not always what we
need. Thanks to improvements in absorption machines and heat pumps, which are
readily available on the market and are able to heat and cool the fluids efficiently,
geothermal applications are becoming increasingly flexible. Geothermal or ground-
source heat pump (GSHP) systems mostly exploit groundwater or ground-coupled
temperatures, also at a shallow depth (10-200 m depth). The associated heat pump
systems exploit the physical property of fluids to absorb and release heat when they
vaporize or condense, respectively, and move heat from a space (to keep it cool),
discharging heat at higher temperature (heating mode). Common air conditioning
systems work this way and exchange heat with the external air. If a specific reverse
system is installed, the heat pump system may be used for both heating and cooling.
In GSHP the refrigerant fluid exchanges heat with the ground or the water extracted
from the ground.

GSHP systems used in shallow geothermal application for heating and cooling
take advantage of the stable temperature throughout the year at shallow depths. In
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the cold season the ground has a higher temperature than the air temperature, and
the heat exchange is more efficient than with traditional, air-air heat pumps. With
the right technology, the process can be reversed, and the heat pump can also work
as a refrigerator in the hot season, using the cool temperature of the ground to chill
the space. By combining doublet-triplet systems for fluid extraction at deep depths
with geothermal heat pumps, numerous technical options are possible, ranging from
the supply of heat and cold to single houses to providing heat to whole cities or
areas through large district heating networks. Heat pumps require electricity, whose
cost must be considered in the total balance, but provide the main advantages. First
of all, GSHP systems are much more efficient than usual air source heat pump
systems, since the heat source has a temperature closer to the required one. In
addition, the combination of GSHP to deep geothermal technologies, increases the
temperature of the produced fluids and contributes to the flexibility of the system,
making the geothermal production potentially possible in any place.

At the 2015 World Geothermal Congress, 83 countries were reported to be using
geothermal energy for thermal uses with overall installed capacity of 70.3 GW and
a total production of 58.7 EJ (Lund and Boyd 2015). Globally, the main share of
installed thermal potential is for geothermal heat pump systems (55%), bathing and
swimming including balneology (20%) and space heating (15%, of which 89% is
for district heating), while greenhouses, open ground heating and agricultural
drying amount to 5%, and aquaculture, industrial processes and de-icing to 4%.

There are numerous elements to consider in the cost estimate of a geothermal
system for thermal application which are often more complicated than for other
forms of energy. Plant installation and operating costs need to be evaluated care-
fully before a geothermal project is launched. The overall cost depends on the
resource (amount of heat, fluid discharge rate, depth to drill), the cost of installation
and operation, the tariffs and incentives available, the price of other available
energy sources, the plant efficiency, and the load time. The cost varies widely
depending on the application (Table 1). District space heating levelized costs (i.e.
the ratio between the cost of generating an asset through its whole lifetime and the
energy produced) range from US$45/MWh to US$85/MWh, and costs of heating

Table 1 Investment costs and calculated levelized cost of heat (at discount cost of 10%) for
various thermal applications

Heat application Investment cost Levelized cost of heat
US$2005/kWh US$2005/GJ

Space heating (building) 1660-3940 28-77

Space heating (district) 570-1570 15-38

Greenhouses 500-1000 9.3-16

Uncovered aquaculture ponds (fish farming) 50-100 8.6-12

GSHP (residential and commercial) 940-3750 19-68

Based on data from: IPCC 2012
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greenhouses vary between US$40/MWh and US$50/MWh (IEA 2011). IPCC
(2012) estimates of costs are more comprehensive (Table 1), however still with a
large margin of uncertainty, due to the lack of measuring standards and a complete
dataset.

2.2 Electricity Production

Most power plants produce electricity through a generator activated by turbines
rotated by a flux of steam. Fossil fuel plants boil water for steam, whereas
geothermal power plants use steam produced from or heated by underground hot
fluids. There are three main types of technology (Fig. 3).

In dry steam plants, which are used when geothermal fluids are in a vapour state
when they reach the surface, the steam is piped directly from underground wells to
the power plant, where it is moved into a turbine/generator unit. Fluids can be in a
total vapour state already in the reservoir, which is rare, or derive from a mixture of
liquid and vapour in the reservoir which, due to the pressure drop caused by the
well, totally vaporize before reaching the surface. The fluids used in these plants
have temperatures above 250 °C and the average size of dry steam plants is around
45 MW. After expanding in the turbine, producing kinetic energy which drives a
generator to produce electricity, the vapour is sent to a condenser and cooled by
spraying cooling water (wet coolers). The cooling water and condensed steam are
then mixed and pumped directly to injection wells. The geothermal fluid in dry

. N\ R N
Turbme/Genzrator Power o grid Dry steam Turbme/Genzrator Bower to grid Flash steam
Steam power plants power plants

Steal
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Condenser&
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Production Injection
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well
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Fig. 3 Simplified flow diagram for dry steam (top left), single flash (top right), binary-cycle
(bottom left) and combined-cycle (bottom right) geothermal power plants
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steam plants is then partially lost in the atmosphere and partly condensed and
reinjected.

In the flash steam systems, the fluid produced at the surface, after the pressure
drop, is only partially vaporized (or flashed, thus the name). In this case, the liquid
phase is separated from the vapour and the latter is sent to the turbine, while the
liquid is reinjected back into the subsurface together with the condensed fluid
obtained from the wet cooler as in dry steam plants. Flash steam plants reinject most
(60-90%) of the geothermal fluid. Depending on the thermodynamic condition of
the fluids, it may be economical to obtain, by pressure changes, a second and
sometimes even a third flash from the separated fluid, producing more steam from
its boiling. Flash steam technology generally uses fluids with temperatures above
180 °C. Plants have an average size of 30, 37 and 90 MW for single, double and
triple flash technologies, respectively.

In binary cycle technologies were originally applied to produce electricity from
fluids at lower temperatures (as low as about 110 °C). In binary plants the
geothermal fluid exchanges heat with a working fluid, usually an organic fluid with
a low boiling point and high vapour pressure at low temperatures compared to
steam. The working fluid is vaporized in a heat exchanger and sent to an axial flow
turbine, after which it is cooled and condensed, and the cycle begins again. The
geothermal water is totally re-injected into the ground. This closed-loop technology
attracts increasing interest, since it guarantees both production flexibility and a
minimum interaction of geothermal fluids with surface environment. The main
drawback is its efficiency, i.e. the ratio between the net electricity produced and the
energy input, which is lower than for other technologies, being around 12% for
steam plants (flash and dry) and between 2 and 10% (from 80-90 to 160-200 °C
resources) for binary systems.

Today, global power production has a total capacity of 12.7 GW (IRENA 2018).
Single flash power plants are most commonly used for geothermal power, com-
prising 41% of the installed capacity globally, dry steam follows at 22% and double
flash ranks third at 21% of the globally installed capacity. Lastly, binary constitutes
12% of globally installed capacity (Bertani 2016). The remaining 3% of power
plants are triple flash, flash/binary hybrid, and other geothermal technologies. The
annual electricity generation reached 80.9 terawatt-hours (TWh) in 2015 (most
recent data), amounting to approximately 0.3% of global electricity generation
(IRENA 2017).

The upfront cost of geothermal power production plants is high, and varies
depending on the phase of the project (Fig. 4).

The cost varies considerably and generally depends on the geology of a country
or region, the quality of the resource (e.g., temperature, flow rate, chemistry), and
the infrastructure in place. IEA (2011) estimates a cost ranging from US$2.8 million
to US$5.5 million per MW, for a reference plant of 50 MW installed capacity.
IRENA (2017) reports costs for geothermal power plants ranging from US$1.9
million to US$5 million per MW, with binary plants typically more expensive than
direct dry steam and flash plants. The investment cost breakdown of utility scale
geothermal power development shows variable figures (e.g., data from Iceland in
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Fig. 4 Risk and cost development during the various phases of geothermal electricity production.
Modified from Gehringer and Loksha 2012

Table 2 Investment costs reported for Europe (Data Source: Gehringer and Loksha 2012) and
Indonesia (Data Source: IRENA 2014)

Gehringer and IRENA
Loksha 2012 (%) 2014 (%)
Power plant construction 35 42
Drilling (exploratory, production, injection wells) 35 23
Steam gathering system, interconnection, early 30 35
development (including exploration costs),
miscellaneous and infrastructure

Gehringer and Loksha (2012) and from Indonesia in IRENA (2014), summarized in
Table 2). In the case of low temperature or deep resources, or low productivity per
well, the drilling quota may increase significantly. IRENA (2017) assessed the flash
and binary plants in Europe and found that roughly 55% of the total installed costs
corresponds to the power plant and other infrastructure, while exploration, drilling
and field development costs amount to 20% for flash plants and 35% for binary
plants.

Risk analysis is a key topic in renewable energies, which, in contrast to fossil
fuel electricity production, requires large upfront investments but low operational
and management capital. Since investments have to be made before the systems
become operational, from the investors’ point of view the risk is higher, and as a
consequence, the rate of return of their investment increases. The resulting
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Fig. 5 Levelized cost of electricity produced by renewable energy sources and comparison with
fossil fuel cost range. Modified from IRENA web page (https:/irena.org/ourwork/Knowledge-
Data-Statistics/Data-Statistics (Accessed Mar 2018))

increased upfront cost is often crucial for geothermal energy, which to the usual
uncertainty of a plant construction, adds the risk of not finding the expected
resource before drilling the first wells, i.e. before spending almost one third of the
total cost of the plant. The risk levels in the various phases of geothermal projects
are depicted in Fig. 4.

Since geothermal energy is constantly provided, geothermal has a base-load
production, and the Capacity Factor (CF, i.e. the actual produced energy with
respect to the full capacity energy) is much higher than for other renewable ener-
gies. The resulting Levelized Cost of Energy, i.e. the ratio between the cost of
generating an asset during its whole lifetime and the electricity produced, is
comparable to or lower than other energy sources (Fig. 5).

2.3 Combined Applications and Hybrid

In order to improve energy efficiency, some plants combine different technologies.
For example, in most flash plants, the steam frequently exits the turbine at tem-
peratures that are suitable for other uses. Some power plants combine dry or flash
steam technology with a binary cycle to produce electricity from what otherwise
would be wasted heat (Fig. 3). Hybrid power plants combine the stand-alone type
of geothermal power plant with a different heat source, e.g. concentrating solar
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power or biomass, to increase the temperature of the geothermal fluid and, there-
fore, produce more power.

Another important way to improve efficiency and optimize the economic profile
of geothermal projects is by using various applications for the combined production
of power and heating and/or cooling (CCHP, Combined Cool, Heat and Power).
Various projects in Europe (e.g. in Bavaria, Germany) and around the world pro-
duce both heat for district heating and power, and CCHP is expected to increase,
especially in Europe and other areas with by a high population density.

The sequential operation of geothermal heat by integrating different technologies
that use progressively lower temperatures, known as cascade applications, has also
been applied in various places, and is expected to be developed further in the near
future, since it improves energy efficiency and provides benefits to the local
community. Typical examples are the combination of power or district heating
plants with greenhouses or fish farming projects, or also with hydrotherapy and
therapy centres, such as the famous Blue Lagoon in Iceland.

2.4 Technological Frontiers and Future Perspectives

Today the global installed capacity of geothermal energy amounts to about 60 GW
worldwide with shares of 18, 26, and 56% for power generation, thermal appli-
cations, and ground source heat pumps (GSHP), respectively. Lead markets for
geothermal energy are in America, Europe and Asia (Sigfusson and Uihlein 2015).
However, this constitutes only a minor part of the geothermal potential, as esti-
mated in many countries. To obtain a full and responsible deployment of
geothermal potential, technologies need to be improved and new ones developed in
order to reduce costs and increase the performance of geothermal projects. Research
and innovation are thus focused on optimizing technologies for improving heat
extraction from underground and increasing energy production, while reducing the
risk of drilling without reaching commercially-viable geothermal resources.

Since most of the geothermal potential is heat stored in rocks whose permeability
does not allow enough water to flow through them to produce hot water, many
projects are aiming to overcome this limitation. This is achieved by improving
permeability by enlarging or re-opening natural fractures between the production
and injection wells, usually through hydraulic and chemical stimulation, i.e.
pumping water and chemical additives, and also inserting special materials called
proppants to prevent these fractures from closing again when the injection pressure
is reduced. This approach, which requires further technological development to
become economically productive, would increase the share of geothermal energy
used enormously. The technology is known as EGS (Enhanced or Engineered
Geothermal Systems) or Petro-thermal (in some European countries), and requires
validation and deployment, cost reductions, and better performance.

While achieving cost-competitive electricity generation from EGSs is a
long-term goal, in the short term, research and demonstration projects will move the
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industry along the learning curve toward technological readiness. Once technical
and economic challenges for EGSs have been overcome, or when other methods of
exploiting hot rock resources become available (e.g. without fracturing the under-
ground bedrock), geothermal deployment could be pursued wherever rock tem-
peratures and other underground properties would provide energy at a sufficiently
low cost. This would mean that advanced geothermal systems could be deployed
wherever there is a demand for electricity and heat.

Another important goal of research and innovation in geothermal energy is the
development of thermal energy storage underground. By this technology the heat
captured and stored in thermal banks in the summer can be retrieved efficiently in the
winter. The Underground Thermal Energy Storage (UTES) concept goes beyond
geothermal energy and considers, for example, the storage of thermal energy
co-produced by solar sources or waste heat from industrial processes. Heat storage
efficiency increases with scale; thus, this advantage is most important in commercial
or district heating systems. This concept, used to date mostly at shallow levels, is
currently being expanded to include deep aquifers and large thermal storage in order
to optimize the response to the high demand for thermal and waste heat.

Future perspectives have been presented by IEA (2011). The estimated global
geothermal electrical power installed capacity by 2050 amounts to 200 GWe,
including 100 GWe hydrothermal electricity capacity and 100 GWe from EGSs.
This latter technology is assumed to become commercially viable soon after 2030.
This power production is expected to prevent around 760 megatonnes (Mt) of CO,
emissions per year worldwide. Most of this increase is expected to happen in Pacific
Asia, mainly Indonesia; the East-African Rift Valley; Central and South America;
as well as in the United States, Japan, New Zealand, and Iceland.

The estimated global sum of annual geothermal heat use by 2050 amounts to 5.8
EJ (about 1600 TWh thermal energy), excluding energy from ground-source heat
pumps and assuming full use of the potential of CHP generation via EGS tech-
nology. Under these assumed conditions, the use of heat from deep rock formations
should theoretically become possible wherever rock temperatures and the properties
of the underground allow energy to be sold at a sufficiently low price. The largest
potential for geothermal heat is found in regions with a high heat demand: Europe,
China and North America.

3 Environmental Aspects for a Sustainable Use
of Geothermal Energy

3.1 Environmental Issues

The exploitation of geothermal energy may have an impact on the environment.
The degree to which geothermal exploitation affects the environment would seem to
be proportional to the scale of its exploitation and the depth of the resource.



General Introduction to Geothermal Energy 13

Shallow geothermal systems can easily avoid environmental impacts by adapting
the most elementary precautions. The most critical potential risk is thermal pollu-
tion, when the boreholes are incorrectly located or the rate of extraction is too high.
The first effect of an incorrect design is, however, the low efficiency of the plant, for
which there is usually a technical solution. Electricity generation in binary cycle
plants and heat production have a very limited environmental footprint because the
fluid extracted from underground is totally reinjected after the heat exchange at the
surface. The effects are potentially greater in the case of steam and flash power
production systems, where part of the fluid is released in the environment, but can
be kept within acceptable limits. The following description essentially refers to
geothermal energy deployment from deep resources, and involves potential prob-
lems for both power and heat production.

Any modification to the environment must be evaluated carefully, in compliance
with the regulations (which in some countries are very severe), but also because an
apparently insignificant modification could trigger a chain of events whose impact
is difficult to fully assess beforehand. For example, a mere 2-3 °C increase in the
temperature of a body of water as a result of discharging the waste water from a
utilization plant could interfere with and damage its ecosystem.

The most perceptible effect on the environment is derived from drilling, whether
the boreholes are shallow for geoexchangers or deep for producing and injecting
wells. Installing a drilling rig plus the accessory equipment entails constructing a
drilling pad and access roads with an impact on the surface morphology of the area
and possible damage to local flora and wildlife. In the case of fluid blow-outs from
the wells, a problem related only to high temperature and pressure resources, fluids
can pollute the surface water and air. This can be solved by blow-out preventers,
where high temperatures and pressures, and aggressive chemicals are anticipated.
During flow-tests, undesirable gases may be discharged into the atmosphere, but
only for a very limited time. Noise can be annoying, but drills can be equipped with
silencers. The best solution, in fact, is to avoid being too close to urban areas and to
keep the drilling time as short as possible. The impact on the environment caused
by drilling is temporary, and mostly ends once drilling is completed.

Installing pipelines that transport the geothermal fluids, and the construction of
the utilization plants, may also affect animal and plant life as well as the surface
morphology. The landscape is modified, although in some areas the network of
pipelines criss-crossing the countryside and the power-plant cooling towers have
become an integral part of the panorama and are indeed a famous tourist attraction
in many geothermal areas. Power plants can have interesting designs, as in some
Italian areas, or be partially hidden by vegetation (usually outside the facility to ease
maintenance).

Exploiting deep, high temperature geothermal resources, especially in volcanic
and magmatic areas, may lead to environmental problems. Some geothermal fluids,
such as those used for district-heating in Iceland, are freshwaters, however this is
very rare and deep geothermal fluids (steam or hot water) often contain gases such
as carbon dioxide (CO,), hydrogen sulphide (H,S), ammonia (NHs), methane
(CHy), and trace amounts of other gases, as well as dissolved chemicals whose



14 A. Manzella

concentrations usually increase with the temperature. For example, sodium chloride
(NaCl), boron (B), arsenic (As) and mercury (Hg) are a source of pollution if
discharged into the environment. The wastewater from geothermal plants also has a
higher temperature than the environment and therefore constitutes a potential
thermal pollutant. Geothermal fluids, however, can be treated and the chemicals
separated. Various processes can be adopted to reduce gas emissions, e.g. for
hydrogen sulphide. Carbon dioxide may also be present in the fluids used in the
geothermal power plants, although much less CO, is discharged from these plants
than from fossil-fueled power stations (see Fig. 6).
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estimates’ within the terminology of lifecycle assessments presented in this report refer to avoided
emissions. Unlike the case of bioenergy combined with CCS, avoided emissions do not remove
GHGs from the atmosphere
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Wastewater is also a potential source of chemical pollution, although the
low-to-moderate temperature of the geothermal fluids used in most thermal appli-
cations generally contains low levels of chemicals and the discharge of spent
geothermal fluids is seldom a major problem. Spent geothermal fluids with high
concentrations of chemicals such as boron, fluoride or arsenic found in deep high
temperature fluids should be treated and re-injected into the reservoir, or elements
extracted for mineral use. To prevent discharge into surface waters after cooling, the
waters can be cooled in special storage ponds or tanks to avoid modifying the
ecosystem of natural bodies of waters (rivers, lakes and even the sea).

The extraction of large quantities of fluids from geothermal reservoirs reduces
pore pressure and the land surface may tend to subside and gradually sink. This is
an irreversible phenomenon, a slow process distributed over vast areas. Over a
number of years, the lowering of the land surface may reach detectable levels, in
some cases in the order of a few tens of centimetres and even meters, and should be
monitored systematically. In fact, Wairakei in New Zealand registered a 4.5 m
localized subsidence between 1964 and 1974; water-dominated systems such as
Wairakei subside more than vapour-dominated systems. Subsidence is controlled
by topographic monitoring by high-resolution GPS remote control. Subsidence is
prevented or mostly reduced by re-injection of spent fluids.

The withdrawal and/or re-injection of geothermal fluids may trigger or increase
the frequency of seismic events in tectonically active areas, such as those close to
plate boundaries where high temperature geothermal areas are located. In these
areas, the injection of fluids tends to release the accumulated tectonic stress. These
small events, most of which are detected by specific instruments, have increased in
number. Correlation studies in geothermal areas operated for many decades have
shown, however, that the magnitude of events has not increased with respect to the
maximum magnitude registered so far.

The exploitation of hydrothermal resources has never triggered a major seismic
event, and is unlikely to do so in the future. EGS demonstration projects and
hydraulic stimulations, however, have been associated, in some cases, with seismic
events felt by the local population and leading to damage. Various research projects
are currently focused on this aspect, and fluid injection underground is usually
carefully monitored. Protocols for seismic alert management are set up at the
beginning of projects.

The noise from the occasional vent discharge associated with operating power
generation geothermal plants is not negligible, although normally acceptable. At the
power plant, the main noise pollution comes from the cooling tower fans, the steam
ejector, and the turbine ‘hum’. The noise generated in thermal applications is
usually negligible.

The sustainable development of geothermal energy implies that it is produced
and used in a way that is compatible with the well-being of future generations and
the environment. Shortall et al. (2015) have reviewed these aspects, and proposed a
comprehensive assessment framework for geothermal energy projects, taking into
account environmental as well as economic, social and policy aspects.
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3.2 Environmental Performance

Geothermal energy is generally not affected by the weather or seasonal variations,
therefore producing almost constantly unlike some other renewable technologies
whose power and heat production varies over time.

Geothermal heat pumps can reduce energy consumption by up to 44% compared
to air source heat pumps and up to 72% compared to electric resistance heating with
standard air-conditioning equipment. The use of geothermal heat not only increases
the share of green energy and reduces air pollution emissions, but in the long term,
it also contributes to the energy efficiency of the plant since it forces the heating
system to reflect the true temperature level required by the process.

When considering the lifecycle, the geothermal environmental performance is
among the best, also in comparison to other renewable energy sources. The
greenhouse gas (GHG) emissions released by geothermal power plants, as reported
by IPCC in (2012), are among the lowest of all energy sources (see Fig. 6). Since
heat and electricity production from geothermal energy does not require combus-
tion, the overall emission rate is particularly low. This applies to all heating and
cooling applications and most power production. The only apparent exception is
related to the use of geothermal fluids which are naturally rich in gases, as in some
areas with high temperature resources. In these cases, although the gases do not
derive directly from industrial processes and are fewer than for any fossil fuel
energy (apart a few exceptions as related to the best natural gas technologies), there
has been some recent debate in Europe. Additional lifecycle assessments will be
necessary to clarify the matter.

4 Conclusions

Geothermal energy has been used for centuries for heating and therapeutic pur-
poses, and for one century in large scale plants, however many barriers still hinder
its potential. Some of the technologies are still immature, in particular for EGSs.
The limited amount of research and innovation funds in the sector, with respect to
other energy sources, have led to many demonstration projects where technologies
are still under development. This means that the costs, although relatively low, have
increased in the last few years, unlike for many other renewable energies (Fig. 4).

Stable, long-term research funding is necessary.

The mitigation of investment risks requires new policies, for instance providing
long-term stable policy schemes, financial risk-sharing and clarity on grid pro-
cesses, and improving the structure and quality of the public administrative system
and permit procedures. Reducing the risk perception of investors, along with a
reduction in technical risks and the development of more efficient technologies, is
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the only way to reduce overall costs and create the condition for a complete
deployment of geothermal potential, while contributing to energy efficiency.

Finally, the general public know very little about geothermal energy. There is
currently no detailed, complete and uniform data collection, nor is there a standard
method for measuring production, especially of heat and cool, comparable to and
compatible with the production from other energy sources.

Geothermal plants may have both a positive and negative impact on the envi-
ronment, but a sustainability assessment framework is still lacking. The little
information available on geothermal energy makes it difficult, especially for the
general public, to evaluate the pro and cons of geothermal energy in terms of
different sites and technologies, and to compare geothermal with other energy
sources.

This lack of knowledge is one of the main reasons for the increasing debate on
geothermal plants in many countries in the last few years. Moreover, there has been
little engagement with the public, as social studies are still very limited in the
geothermal sector and public involvement in geothermal development is still in its
infancy in many countries.
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Policy and Regulatory Aspects ®)
of Geothermal Energy: A European T
Perspective

Philippe Dumas

Abstract The objective of this chapter is to introduce the complex and evolving
policy and regulatory framework relevant to geothermal energy in Europe. The
analysis covers both shallow and deep geothermal technologies producing electrical
power, heat, cold and hot water. It has a focus on the European Union
(EU) legislation and its implementation. Indeed, nowadays it results difficult to fully
understand the legal system for geothermal energy in a given European country
without some acquaintance with the overarching EU framework. To this end, it may
be useful to clarify some preliminary principles governing the relations between the
EU and its member states. The competences between the two levels are defined in
the Treaty on the Functioning of the EU. In areas like energy and the environment,
where the competence is shared, the EU can legislate when its action is considered
to be more effective than the action taken at national, regional or local level. In the
framework of the functioning of the European Economic Area, EU rules can apply
to Iceland, Norway and Lichtenstein. Additionally, they can also apply to other
countries (e.g. Switzerland, Turkey) through bilateral agreements. National com-
petences can be further devolved to regional and local authorities depending on the
degree of self-governance in each country. The chapter is organised as follows: the
first section provides an overview of the EU climate and energy framework; Sect. 2
takes a closer look at the key legal issues for the sector and a brief presentation of
the most common mechanisms put in place for supporting geothermal energy;
finally, Sect. 3 presents the future energy regulatory framework currently under
discussion.
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1 Energy Policies: The European Dimension

The first European and National policies were to secure the energy supply by
establishing a coal market managed at European level. Together with an industrial
policy on steel, the objective was to relaunch the European economy after the
second world war. On top of the need of energy security of supply, the second
dimension was to provide affordable prices for the consumers, especially the
industry and the agriculture. When the European Coal and Steel Community
(ECSC) was launched in 1952, the energy mix was quasi uniquely based on fossil
fuels: essentially coal and oil, and operated by national public utilities. Together
with biomass, geothermal energy was one of the first renewable energy sources
being developed: 120 MWe was already installed in Italy at that time.

Until the seventies, the European and National policies on energy and the energy
mix remained nearly similar. But with the oil shocks, the dimension of security of
supply took another road with the need to have local production and fuels. The
main energy sources picked up for decreasing coal and oil imports were nuclear for
electricity and gas for heating. The increase in the electricity consumption led also
the European countries to organise better their electricity markets with two con-
sequences: an electrical grid development and its management. It is also during this
period that some countries started to develop geothermal district heating systems:
Iceland, France, Hungary. Geothermal exploration started to be more supported
during this period in particular by national policies in Italy, France and Germany.
These activities led to an early geothermal data compilation in the “Terrestrial Heat
Flow in Europe” (Cermak and Rybach 1979). Later, a European Commission ‘Atlas
of Subsurface Temperatures in the EC’ was published in 1980 for nine member
states (Haenel 1980), completed 2002 by an updated version of the ‘Atlas of
geothermal resources in Europe’ covering all European countries (including Russia)
(Hurter and Haenel 2002).

The period 1980-1990 has seen the same development in the energy sector than
for the rest of the economy. The achievement of the European internal market
established first an internal market for electricity and gas, then its liberalisation by
several packages of legislation aiming at opening these markets at national level. It
was complemented with an energy research policy, by the launch of the European
program for research and development (the FP), and later the Strategic Technology
Plan (SET-Plan). The eighties were also the time were the geothermal heat pumps
started to be installed in Europe.

The climate policy at International, European and national level started really
with the establishment of the United Nations Framework Convention on Climate
Change (UNFCCC) in 1992 and the adoption of the Kyoto protocol five years later.
The objectives of decreasing greenhouse gas emissions in Europe have been mainly
transformed in the launch of the Emissions Trading Scheme (ETS) and of regula-
tions for promoting renewable energy sources (RES).

The first piece of European legislation was the directive for promoting RES
electricity, then one for promoting RES in the transport sector. But the adoption of
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the climate and energy package in 2007 with 2020 targets has allowed the real
development of RES in all European countries, including in the heating and cooling
sector. It was the first one tackling the issues of climate and energy together with
objective in terms of greenhouse gas (GHG) emission reduction, energy efficiency
improvement and development of RES.

The 2020 package includes several pieces of legislation impacting the
geothermal sector: Renewable energy directive, Energy Performance of Buildings
Directive, Energy Efficiency Directive.

The development of renewables brought some challenges for the entire energy
system and the sector coupling between electricity, heating and cooling and
transport. New regulations have been adopted to answer these challenges in terms
of building regulations, subsidies and competition rules, standards etc. On the
energy efficiency side, the regulations on eco-design and labelling together with the
CEN standards complete the legislations. Regarding financial public support to
renewable energy sources including geothermal, The European Commission adopt
state aid guidelines to ensure compliance with European competition rules.

To sum up, the changes in the energy sector in the last 50 years can be sum-
marised in three elements:

Firstly, the reconnaissance of the non-sustainability of the previous energy mix
with three components:

— Power sector fuelled by nuclear (since the 70s) or fossil fuels
— Heating sector supplied by fossil fuels
— Transport based on fossil fuels.

Secondly, a Europeanisation of the energy files through the competences given
in the EU Treaties, and the different energy packages of legislations notably on
liberalisation of electricity and gas.

Thirdly, a change of paradigm from a centralised system to a local and regional
system with a “democratisation” of the energy sector and a security of supply
ensured at national level (with less imports).

1.1 The Liberalisation of the Energy Markets

During the 1990s, the European institutions decided several measures to achieve the
internal market. In the energy sector, most of the national electricity and gas
markets were still monopolised. It was agreed to open these markets to competition
gradually. Firstly, the EU decided to distinguish clearly between competitive parts
of the industry (e.g. supply to customers) and non-competitive parts (e.g. operation
of the gas and electricity networks). It also allowed third parties to have access to
the infrastructure. Thirdly, measures to remove market barriers were adopted.
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The first liberalisation directives in the energy sector were adopted in 1996
(electricity) and 1998 (gas). The second wave of liberalisation directives on energy
markets was adopted in 2003. The third legislative package for an internal EU gas
and electricity market was adopted in 2011.

Although significant progress has been made on opening electricity and gas
markets, competition between energy market actors is slow to take off. Electricity
and gas markets still remain largely national and highly concentrated. Although we
notice more and more electricity markets coupling at regional level, the
cross-border trade is relatively little.

This liberalisation in the energy sector should even more open the door to new
developments in the geothermal power and heat markets.

1.1.1 The Case of State Aid

Financial support granted by Member States may distort competition in the energy
sector because it could unfairly strengthen the position of companies that benefit
from it vis-a-vis their competitors. This is why the general principle of the EU law
foresees a prohibition of State aid. However, exceptions exist in the environmental
area. State aid can provide incentives to reach the EU climate targets. This is why
they can be eligible when attributed to RES.

1.2 The EU Climate and Energy Policies: The 2020
Package

The choice of the energy mix is done by the member states but energy policy is
becoming increasingly a competence of the EU institutions. It is the response to
critical supra-national issues such as climate change and security of supply that
made the development of a more comprehensive EU energy policy indispensable.

To contribute to the global efforts to mitigate climate change the EU has the
objective of reducing greenhouse gas (GHG) emissions by 80-95% by 2050
compared to 1990 (European Council, October 2009). These objectives have been
translated in 2007 by an EU agreement on the 2020 targets, the 20-20-20 goals, that
are:

(1) Reduction of at least 20% in GHG emissions compared to 1990 levels;
(2) 20% of the final energy consumption to come from renewable sources;
(3) Improvement of energy efficiency by 20% compared to 2007 projections.

A set of legislations have been adopted in the package:

(1) Directive on the promotion of the use of energy from renewable sources (2009/
28/EC), setting national binding targets until 2020;
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(2) Directive on energy performance of buildings (2010/31/EU), setting minimum
requirements for new and refurbished buildings;

(3) Directive on energy efficiency (2012/27/EU) promoting renovation and energy
savings through obligations and behavioral changes;

(4) Directives on eco-design requirements (2009/125/EC) and energy labelling
(2010/30/EU), promoting efficiency of products.

1.2.1 The First Renewable Energy Directive (2009)

The Directive 2009/28/EC (RES Directive) is designed to ensure the achievement
of the 2020 renewable energy targets. It addresses a number of key barriers for the
deployment of geothermal such as lack of a widely accepted definition of
geothermal energy, removal of administrative barriers, spatial planning, and certi-
fication of small-scale shallow geothermal installers. Moreover, it translates the EU
target into legally binding national targets. In addition, the directive requires gov-
ernments to submit national renewable energy action plans (NREAPs)' including a
qualitative analysis relating to the planned policy measures and quantitative anal-
ysis showing sectorial targets and projections for each technology in electricity,
heating and cooling, and transport. For the calculation of the RES share in the
heating produced by a heat pump, a methodology was adopted. It allows for
accounting the contribution of electric heat pumps, including geothermal heat
pumps, towards the renewable energy targets.

Looking at the status of the geothermal market today and its trends between
2010 and 2020, Tables 1, 2 and 3 show installed capacity for geothermal electricity
and geothermal heat production. The information for the year 2010 and the pro-
jections until 2020 are the ones provided by member states in their NREAPs. The
latest data available (2015 data for geothermal power and 2014 data for geothermal
heat) come from Eurostat and EGEC.

1.2.2 Buildings and Energy Efficiency Legislation

At EU level, a series of measures have been adopted to improve the energy per-
formance of buildings and products and to integrate renewable energy into new
buildings and existing buildings subject to major renovation. The most relevant
measures having a potential positive impact on geothermal heating and cooling
technologies are:

e Directive on energy performance of buildings (2010/31/EU);
e Directive on energy efficiency (2012/27/EU);

"https://www.eea.europa.eu/data-and-maps/figures/national-renewable-energy-action-plan.
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Table 1 Trends 2010-2020
and status 2015 in geothermal
power installed capacity in the
EU (MWe)

Table 2 Trends in
geothermal heat production in
the EU (ktoe)

P. Dumas

2010 2017 2020
Italy 754 915.5 920
Germany 10 38.19 298
Greece 0 0 120
France 26 17.1 80
Portugal 25 333 75
Hungary 0 3.35 57
Spain 0 0 50
Ireland 0 0 5
Czech Republic 0 0 4.4
Croatia N/A N/A 10
Slovakia 0 0 4
Belgium 0 0 35
Romania 0 0.05
Austria 1 1.2 1
EU 816 1008.29 1627.9

Based on data from: National Renewable Eenergy Action Plans,

EGEC (2018)

2010 2014 2020
Germany 57.1 91 686
France 98.2 125.7 500
Hungary 98.4 124.5 357
Italy 139.3 129.6 300
Netherlands 7.6 359 259
Poland 13.4 20.2 178
Slovakia 5 4.2 90
Greece 16 11.7 51
Austria 20.5 19.4 40
Portugal 1 1.3 25
Slovenia 26.3 30.9 20
Czech Rep 0 0 15
Croatia 6.8 10.7 15.7
Spain 16 18.8 9.5
Bulgaria 32.7 334 9
Belgium 2.1 1.4 5.7
Lithuania 23 0.9 5
Romania 22.1 25.1 80
UK 0.8 0.8 0
Denmark 2.5 2 N.A.
Cyprus 0.8 1.6 N.A.
EU 568.9 689.1 2630.2

Based on data from: EUROSTAT SHARES 2014, National

Renewable Energy Action Plans
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Table 3 Trends in production of geothermal heat pumps in selected EU member states (ktoe)

2010 2014 2020
UK 21.7 56.6 953
Sweden N.A. 803.3 815
France 217.1 261.6 570
Italy 442 70.8 522
Germany 246.2 334 521
Netherlands 52.1 81 242
Denmark 56.2 71.8 199
Hungary N.A. N.A. 107
Greece N.A. N.A. 50
Spain N.A. 16.4 40,5
Slovenia N.A. N.A. 38
Austria N.A. N.A. 26
Slovakia N.A. N.A. 4
Romania N.A. N.A. 8
Finland N.A. 133.8 N.A.
Czech Republic 26.5 41.8 N.A.
Estonia N.A. 21.1 N.A.
Poland 3.1 8.4 N.A.
Hungary N.A. 5 N.A.
Luxembourg N.A. 0.5 N.A.

Based on data from: EUROSTAT SHARES 2014, National Renewable Energy Action Plans.
Countries not reported in the table have not reported the breakdown of heat pumps by source

e Directives on eco-design requirements (2009/125/EC) and energy labelling
(2010/30/EU).

The Table 4 below displays the main measures related to geothermal in build-
ings, taken by these three directives and their respective timetable.

Directive 2010/31/EU (EPBD) requires member states to set primary energy
requirements for new and existing buildings undergoing major renovation. These
requirements are to be reviewed every 5 years and should be calculated through a
cost-optimal methodology taking into account certain elements, including the
thermal characteristics of a building. For new buildings, high-efficiency alternative
systems, including geothermal heat pumps and district or block heating or cooling,
need to be assessed before construction starts. In addition, the EPBD looks to the
future and introduces in EU law the ambiguous concept of ‘nearly zero-energy
building (NZEB)’, which is ‘a building that has a very high energy performance,
whose very low amount of energy required should be covered to a very significant
extent from energy from renewable sources produced on-site or nearby’.

These provisions are linked with the RES Directive, according to which member
states have, in their building regulations and codes, or by other means of equivalent
effect, require the use of minimum levels of RES in new buildings and existing
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Table 4 Main measures and timetable related to geothermal in buildings

Date Provision

Since 2014 Member States to renovate each year an average 3% of the public building
stock owned by central governments (Article 5 Energy Efficiency
Directive)

Since 2015 Member states to introduce, where appropriate, measures to set minimum

levels of RES which should be used in buildings or equivalent supporting
measures (RES Directive) and intermediate targets for improving the
energy performance of new buildings (Art. 9.3 (b) EPBD)

Since 2015 Energy label for brine-to water heat pumps A++ to G introduced
(substituted by a new label ranging from A+++ to D in 2019)

31st December All new buildings owned or occupied by public authorities shall be nearly
2018 zero-energy buildings (Art. 9.1 EPBD)

31st December All new buildings (including private buildings) shall be nearly zero-energy
2020 buildings (Art. 9.1 EPBD)

buildings undertaking major renovation. As a result of the above member states
have laid down their own detailed NZEB definition.

This is complemented by the Directive on energy efficiency. It establishes a set
of binding measures to help the EU reach its 20% energy efficiency target by 2020.
Under the Directive, all EU countries are required to use energy more efficiently at
all stages of the energy chain, from production to final consumption. Several
measures in this directive allow the development of geothermal energy. In partic-
ular, EU countries can opt to achieve their savings through means such as
improving the efficiency of heating systems.

Relevant to geothermal heat pump technology only are both the ecodesign and
energy labelling regulations. Ecodesign aims to improve the energy and environ-
mental performance of products throughout their life cycle, while energy labelling
requirements aim to providing citizens with information about the environmental
performance of products. New ecodesign requirements and energy labels for space
heaters and combination heaters entered into force in September 2015. An energy
label for brine—to water heat pumps is established in two phases: the first entered
into force in 2015 ranges from A++ to G, while a second ranging from A+++ to D
will be introduced in 2019. As geothermal heat pump is amongst the few tech-
nologies to achieve the highest class, this instrument has a significant potential to
increase awareness about the technology in Europe.

1.2.3 The Climate Instruments

The EU Emission Trading System (ETS) was set up in 2005. It is the world’s first
and biggest international emissions trading system, accounting for over
three-quarters of international carbon trading. The EU ETS works on the ‘cap and
trade’ principle, with a carbon market. A cap is firstly set on the total amount of
selected greenhouse gases that can be emitted by installations covered by the ETS.



Policy and Regulatory Aspects of Geothermal Energy: A European ... 27

The cap is reduced over time to progressively reduce total emissions. Within the
cap, companies receive or buy ETS emission allowances which they can then trade
with one another. They can also buy limited amounts of international credits from
emission-saving projects in third countries.

The EU Emissions Trading Systems covers electricity and industrial installations
above 20 MW, and those not covered by the ETS are buildings, services and small
industries, and land use, land-use change and forestry (LULUCF). National targets
for GHG emissions reduction in non-ETS sectors are then also set to cover emis-
sions from these areas.

1.3 The European Energy Union

In 2015, the European Commission has reorganised all the EU actions in the field in
a framework strategy towards the establishment of a ‘resilient Energy Union with a
forward looking climate policy’. The strategy is being built around the following
five dimensions:

(1) security, solidarity and trust: diversifying Europe’s sources of energy and
ensuring energy security through solidarity and cooperation between EU
countries;

(2) a fully integrated internal energy market: enabling the free flow of energy
through the EU through adequate infrastructure and without technical or reg-
ulatory barriers;

(3) energy efficiency: improved energy efficiency will reduce dependence on
energy imports, lower emissions, and drive jobs and growth;

(4) decarbonising the economy: the EU is committed to a quick ratification of the
Paris Agreement and to retaining its leadership in the area of renewable energy;

(5) research, innovation and competitiveness: supporting breakthroughs in
low-carbon and clean energy technologies by prioritising research and inno-
vation to drive the energy transition and improve competitiveness.

This new dimension for the energy policies should set the frame for having an
energy system approach in the climate and energy package 2030 and in the Energy
Roadmap 2050.

2 Key Regulatory Issues on Geothermal

A geothermal system is developed in several phases. As illustrated in Fig. 1, a
simplified way to classify the different steps of a deep geothermal project is as
follows: (a) exploration; (b) resource development; (c) construction; (d) commis-
sioning and operation.
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Fig. 1 Phases of a deep geothermal project. Modified from: GEOELEC (2013, p. 41)

Each of these phases requires one or more permits and the compliance with a
range of national and local rules. The whole set of rules should be as transparent
and balanced as possible in order to ensure, simultaneously, the sustainable use of
the resource, confidence in the technology, and investment security. Several studies
(GEOELEC 2013; GEODH 2014; REGEOCITIES 2015) have assessed the most
relevant regulatory issues affecting the geothermal sector, which can be classified as
follows: (a) definition, classification, and resource ownership; (b) licencing and
authorisations; (c) sustainability; (d) spatial planning and (e) access to the grid. The
following sections provide a brief analysis for each of them.

2.1 Definition, Classification, and Resource Ownership

The definition, classification, and ownership of the geothermal resources affect
many key aspects of regulation in this field. In Europe, Directive 2009/28/EC (RES
Directive) provides a legally binding definition according to which ‘geothermal
energy’ means energy stored in the form of heat beneath the surface of solid earth
(Art. 2). Geothermal is therefore to be considered as a renewable energy source of
its own kind and any national or local regulation should be in line with the above
overarching definition. In practice, however, geothermal resources are still defined
in a several ways: as mineral, water or groundwater, heat and, more rarely, as a sui
generis resource.

Besides that, a classification between different types of resources could be useful
for determining the regulatory approach to the various categories of geothermal
systems, especially with the objective of simplifying the administrative procedures.
A single depth limit may be used at national level to define and differentiate
geothermal resources depending on country specific geological conditions, e.g. in
France since 2015 simplified procedures for shallow geothermal projects between
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10 and 200 m depth have been adopted. Deep geothermal resources could also be
defined as occurring below depths of 300-500 m and shallow resources as those
located above the chosen threshold. In this regard, the RES Directive refers to
‘shallow geothermal’ only in relation to training and certification, but does not
propose any further distinction. Without an EU-wide approach, member states
classify geothermal resources in very different ways.

Another basic but essential legal issue is the resource ownership definition. Three
situations can be found in the EU. The first is when the geothermal resource belongs
to the state which grants licenses and permits for its use. This is the case in most of
the European countries with plants in operation and it seems to be the most desirable
option to have security of investments for project developers. A second case, more
typical of common law systems, is when the resource belongs to the owner of the
surface area; this could lead to competition in the same area, where multiple owners
are concerned. The third and the most problematic case is found in some juvenile
markets where there are no specifications about ownership. Traditionally, a first
come—first served approach is in place, unless priority is given by law to a specific
use. The licensing procedures are coming from historical national regulations of the
underground in particular the mining code. European standards on resources clas-
sification could help geothermal market actors to report their resource to regulators
and financial actors but the discussion has just started. An international debate is also
taking place to define geothermal resources worldwide.

2.2 Licensing and Authorisation

The licencing or authorisation procedure is established by national, and sometime
regional, decision-makers. In the geothermal sector a true license provides exclu-
sive rights within a certain area and for a given time period, thereby ensuring
investment security. Additionally, a licencing regime tends to clarify issues such as
who is eligible to obtain a permit, who are the licencing authorities, how many steps
and the time the process involves, the exact time period for which a license can be
obtained and extended, if royalties are required, and under what parameters.

The type of permits a project developer must obtain and the respective proce-
dures to follow depend primarily on the definition and classification of geothermal
resources (see Sect. 2.1 above). Being an underground resource, the administrative
procedures relevant for geothermal stem from a long history in mining and are in
many cases part of a wider legal framework intended for coal, hydrocarbons, etc. In
the vast majority of European countries, the licencing regime for deep geothermal
consists in a two-step process requiring an exploration and a production license. In
addition, a number of other permits could be required during these two phases. As
we shall see in the next Sect. 2.3, these permits allow the public authorities to
ensure that the project is performed in a safely and environmentally sound way and
fulfils all public participation and consultation requirements.
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While the licensing regime is a key enabler for the geothermal business, it should
however be very well regulated. As a matter of fact, in some countries the right to
use the geothermal resource is not clearly exclusive, while in other cases complex,
long, and sometimes unnecessary procedures represent a significant non-technical
barrier for geothermal developers. Delays, for example, can provoke uncertainty
and lead to higher risks due to which investors require higher returns. For a
capital-intensive technology, a one stop-shop process is desirable for each phase of
the project.

In this regard, the RES Directive aims to improve the legal framework for RES
projects. To break with the past, Art. 13 requires member states to streamline and
rationalise the administrative procedures and to clearly define and coordinate the
respective responsibilities of national, regional and local administrative bodies.
A good practice in this sense for shallow geothermal systems is found in France.

2.3 Sustainability and Environmental Projects

Negative environmental impacts associated with geothermal energy are minor,
especially if compared with conventional fossil fuels and nuclear power plants in a
lifecycle analysis. As a matter of fact, a geothermal plant is located right above the
resource and does not imply mining, processing, transporting the fuel over great
distances, and combustion. Furthermore, the visual and land use impact can be
negligible. However, as for every industrial activity, some potential and adverse
effects exist such as some forms of gaseous emissions, induced seismicity, ground
subsidence, noise during the construction phase, and temperature anomalies in the
subsurface and the groundwater. These potential impacts vary depending on the
geological settings as well as on the size and type of application. In all circum-
stances they can be avoided thanks to sound practice, technology developments,
and compliance with environmental regulations.
For the geothermal sector, the most relevant EU directives are the following:

e Directive 2011/92/EU on the assessment of the effects of certain public and
private projects on the environment (EIA Directive)’;

e Directive 2001/42/EC of the European Parliament and of the Council of 27 June
2001 on the assessment of the effects of certain plans and programmes on the
environment (SEA Directive); and

e Directive 2000/60/EC establishing a framework for Community action in the
field of water policy.

2As amended by Directive 2014/52/EU.
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2.4 Spatial Planning and Grids

The planning of local infrastructure plays an important role for geothermal heating
and cooling systems. For example, the very technical feasibility of a geothermal
heat pump system may depend on the interaction with underground infrastructure
such as parking areas and communication and transport systems. For this reason, it
is essential to know the position and the dimensions of this infrastructure to avoid
undesirable interference and ensure that the systems can be installed in the planned
position for a long period of time. Here, local rules in terms of underground
planning play a very important role.

Regarding new geothermal district heating systems, it is the rigidity of local
plans for heating and cooling, which once implemented are difficult to alter, that
may represent a significant barrier. For this reason, the RES Directive recommends
member states to encourage local and regional administrative bodies to include
heating and cooling from RES in the planning of city infrastructure (Art. 13). This
provision has resulted in some positive changes, for instance in Italy where
Legislative Decree 28/2011 imposes on municipalities with more than 50,000
inhabitants the requirement to draft district heating development plans. In this
regard, it should be mentioned a requirement from Directive 2012/27/EU (Energy
Efficiency Directive or EED) to carry out comprehensive assessments and a
cost-benefit analysis of the potential for the application of high-efficiency cogen-
eration and efficient district heating and cooling as a basis for sound planning (Art.
14). When a potential for the construction of the related infrastructure is identified
and its benefits exceed the costs, adequate measures to accommodate its realisation
should be put in place. It is still to be seen, however, whether the actual imple-
mentation of the above provisions can concretely have an impact on the develop-
ment of geothermal energy as a renewable and efficient source for district heating.

2.4.1 Grid Access

For geothermal power, grid connection and access is the last key step before
remuneration. Given the former monopolistic structure of the electricity market,
grid connection and access for new and especially renewable power plants has not
always been obvious. This is why there is a need for clear and non-discriminatory
rules: the RES Directive addresses this issue by requiring priority or guaranteed
access to the grid for renewable electricity (Art. 16). This provision is comple-
mented by a similar guarantee awarded to high efficiency cogeneration in the EED.
As a result, member states may set rankings between and within different types of
renewable energy and high efficiency cogeneration (Art. 15). The above provisions
constitute specific legislation for the connection and dispatching of electricity
generating installations and complement Directive 2009/72 (Electricity Directive),
which sets the general rules for the electricity sector in the EU.
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2.5 State of Play and Evolution of National Incentives

The level and type of support instruments for geothermal energy vary depending on
the application, the market maturity as well the geological settings and the acces-
sibility of the resource. For geothermal electricity, the main support is in terms of
operating aid.

The instrument of the feed-in tariff, a fixed and guaranteed price paid for each
kWh produced, is considered the most attractive financial incentive for a project
developer. As a matter of fact, the costs of capital for RES investments observed in
countries with established tariff systems have proven to be significantly lower than
in countries with other instruments that involve higher risks for future returns on
investments. In the EU, however, the new State aid rules for projects in the field of
environmental protection and energy (EEAG) for the period 2014-20 are phasing
out feed-in tariffs in favour of more market-based incentives such as feed-in pre-
mium, i.e. a bonus on top of market price. This mechanism, depending on how it is
designed, tends to increasingly expose renewable electricity producers to market
and prices signals. For geothermal, it has already been adopted in France, Germany,
and the UK.

Policy makers need to set the type and level of support according to the maturity
of the technology and of the market. However, only a limited number of European
countries support geothermal electricity effectively. In some cases, the level of
support appears to be much lower than the one given to other renewable tech-
nologies at the same stage of maturity, and many countries do not support
geothermal electricity at all.

Substantial support to some renewables, often overcompensating their real cost
and bringing about windfall profits, has led to a reduction of costs in these tech-
nologies. For this reason, there is more and more support for mechanisms such as
feed-in premium schemes that expose renewable electricity producers to market
signals, i.e. the price of electricity. Against this background, it should be high-
lighted that this support was very much focused on some technologies and that most
geothermal power plants have been running without support for decades. As only a
handful of geothermal projects have received operational aid over the last five
years, it seems therefore premature to talk about the need for more market-based
mechanisms or even phase-out financial support for geothermal electricity as EGEC
described it Fig. 2.

Furthermore, the standard rule of the EEAG foresees that from 2017 this
financial support should be allocated via a technology-neutral bidding process open
to all technologies regardless of their maturity. Such a development may signifi-
cantly increase uncertainty for less developed and more capital intensive tech-
nologies. This is the reason why the following derogations apply if duly justified by
member states:

e Feed in tariff may be possible for demonstration projects;
e Member States may set-up technology-specific bidding to ensure diversification,
and take into account different levels of maturity into account;
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Fig. 2 Support schemes for geothermal adapted to market maturity. Source EGEC (2018)

e Support may be granted without bidding if the Member States demonstrates that
this would result in underbidding or in low project realisation rates.

An alternative way to provide operating support to renewable electricity is
through the instrument of a quota system, which is a legal obligation on energy
supply companies to purchase a specified amount of renewable energy. This
instrument is used in Flanders (Belgium) and Romania and remains unchanged by
the new state aid rules.

As far as geothermal heat projects are concerned, public financial support is
more fragmented and is mainly allocated through grants covering part of the higher
upfront investment cost compared to conventional technologies. In many member
states, especially from Central and Eastern Europe, these funds largely stem from
European Structural and Investment Funds in support of the EU energy and climate
objectives in the least favoured regions.

Some variations in terms of instruments to support geothermal heat projects is
observed, for instance:

e grants combined with tax or VAT incentives (e.g. France and Belgium) or with
soft loans (e.g. Germany) with a guaranteed interest rate below market levels
and with favourable repayment time;

e tax incentives only;

e alternative instruments offered at the same time, as it is the case in Italy with
grants (Conto termico) or tax incentives (Ecobonus) for building renovation.

e operating aid similar to a feed-in tariff system like in the UK and, embedded in a
multi-sectorial tendering scheme, in the Netherlands. Operating aid in the heat
sector results, however, more complex and less popular compared to the power
sector.
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Fig. 3 Risk and cumulative investment during the project progress. Modified from: GEOELEC
(2013, p. 50)

While of extreme importance traditional financial incentives may not always be
sufficient, especially for deep geothermal projects. Most of the investment falls into
the high-risk phase of the geothermal project (Fig. 3). While the project is being
developed, the required budget changes successively. And with increasing effort in
exploration, more and more knowledge about the resource is acquired and the risk
of failure decreases accordingly.

The bottleneck of many geothermal projects is that in most cases ‘debt financing
by banks is possible only following the completion of the long-term flow tests’.
Furthermore, due to the limited practical geological knowledge in some regions,
also private insurers consider the operation to be too risky. Under those conditions,
a feed-in premium or a soft loan do not guarantee alone the successful financing of
a project. This barrier is a common issue and has been successfully overcome in
France and The Netherlands where governments have taken action to set a
public-private risk mitigation facility. As markets develops and costs decrease, in
the medium-term the private sector should be able to manage project risks, thereby
enabling a sustainable long-term development.

3 The Future Energy Regulatory Framework
2030 and 2050

In 2012, the European Commission released a long-term energy roadmap for 2050
aiming at presenting different scenarios for decarbonising the sector in view of a full
decarbonisation of the economy. The roadmap pursued the objective of reducing
greenhouse gas emissions by 80-95% by 2050 compared to 1990, as set by the
European Council in October 2009. As regards to the energy sector, this means
minimum 85% energy—related CO, emission reductions by mid-century.
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For the mid-term period, Head of States and Governments decided in 2014 to
have a new climate and energy package covering the period 2020-2030.

3.1 The Next 2030 Climate and Energy Package

A new framework was adopted by EU leaders in October 2014, with the following
three key targets for the year 2030:

(1) At least 40% cuts in greenhouse gas emissions (from 1990 levels);
(2) At least 27% share for renewable energy binding on the EU level only;
(3) At least 27% improvement in energy efficiency binding on the EU level only.

Beyond the targets, the European Commission introduced in November 2016 a
set of directives and regulations to support the ambition of its climate and energy
policies. The Clean Energy Package comes to update the current regulatory
framework, with a goal of preparing the transformation the European energy system
and streamlining EU climate and energy policies. The main pieces relating to the
Climate and Energy framework are:

e The Proposal for a recast Renewable Energy Directive (replacing DIRECTIVE
2009/28/EC);

e The Proposal amending the Energy Efficiency Directive (amending
DIRECTIVE 2012/27/EU);

e The Proposal for a Governance Regulation (which replaces the whole existing
planning and reporting framework);

e The Proposal amending the Energy Performance of Buildings Directive
(amending DIRECTIVE 2010/31/EU);

e Proposal for a regulation and a directive on the internal market for electricity
(notably replacing DIRECTIVE 2009/72/EC).

The proposal for a Governance Regulation aims at streamlining planning and
reporting requirements for EU Member States in order to comply to the Paris
Agreement framework at to reduce the administrative burden of Climate and
Energy policy. It replaces several legislative texts to define National Energy and
Climate Plans for Member States for the period between 2020 and 2030, and to set
up the reporting obligations for the period.

The Governance Regulation defines how Member States will plan and develop a
vision on their energy systems for the long-term. Currently being discussed, there
are many uncertainties regarding the outcome of the text. It has however some
potential to contribute to the development of geothermal energy by favouring an
integrated planning of the Energy system across the 5 dimensions of the Energy
Union (further detailed in Sect. 1.3 above):
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(1) security, solidarity and trust;

(2) a fully integrated internal energy market;
(3) energy efficiency;

(4) decarbonising the economy;

(5) research, innovation and competitiveness.

These different pieces of legislation are being discussed between Member States
and the European Parliament. An agreement on all these policy dossiers is planned
for 2018 in order to be implemented before the end of the 2020 period.

One key point under discussion regards the targets and their ambition:

(1) the reduction in greenhouse gas emissions (from 1990 levels) should be at least
40%;

(2) the share for renewable energy should be binding on the EU level, with a target
to be decided of at least 27% or 35%, or between these figures;

(3) improvement in energy efficiency should be binding on the EU level, with a
target to be decided of at least 27% or 40%, or between these figures.

4 Conclusions

The EU has set a long-term goal of reducing greenhouse gas emissions by 80-95%,
when compared to 1990 levels, by 2050. The Energy Roadmap 2050, published in
2011, explores the transition of the energy system in ways that would be compatible
with this greenhouse gas reductions target while also increasing competitiveness
and security of supply.

An ideal future energy scenario should envisage a coherent energy mix in the
three energy sectors: electricity, heating and cooling, transport. Such a perspective
should allow to have a decarbonised energy sector based or nearly fully based on
RES. It would provide energy to all at affordable prices to consumers. It would
allow to mitigate costs of the energy transition taking into account the full costs for
the society. Based on a regional and local energy systems, citizens would decide the
energy system and the security of supply would be guaranteed.

The key ways to achieve this ideal scenario are:

(1) continue the decarbonisation of the power sector, still far to be reached, towards
more variable and flexible RES and with a mitigation of the system costs;

(2) accelerate the fuel switch in the heating and cooling sector towards more RES,
this sector is lagging behind, need to have a new design of the market;

(3) decarbonise the transport sector as far as possible notably with more e-mobility.
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Abstract The development of geothermal energy can be hindered by both tech-
nical and socio-economic issues. Technical issues are associated with the intrinsic
characteristics of geothermal energy and the ways in which is exploited, whereas
socio-economic ones arise from the interplay between companies and stakeholders,
affected to some extent in the development of geothermal energy. In this contri-
bution, we analysed possible determinants of the relationship between companies
and citizens. On the one hand, citizens represent a key stakeholder for energy
companies that want to develop a geothermal energy facility. On the other hand,
they represent the potential end users of technology providers’ products.
Accordingly, geothermal energy companies and technology providers are called
upon to take action for involving citizens and overcome the related tensions with
them. In particular, geothermal energy companies need to face social acceptance
issues when developing geothermal energy facilities. In order to achieve a better
understanding of these issues, we have analysed suitable strategies and practices
from the Corporate Social Responsibility (CSR) perspective, which is becoming a
common reference point for geothermal energy companies that need to manage
stakeholders’ involvement. Technology providers, instead, aim at fostering the
adoption of geothermal energy systems at building level. In order to investigate the
related dynamics, in this chapter we present an analysis of the most popular pro-
motion and risk sharing strategies and practices that are in place among geothermal
players. Among such strategies and practices, two themes emerged as key blocks
for citizens’ involvement: information and trust. By comparing CSR, promotion
and risk sharing strategies and actions, we provide energy companies and tech-
nology providers with some suggestions to achieve local acceptance of geothermal
facilities.
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1 Current Socio-economic Challenges in the Geothermal
Energy Sector

The Paris Agreement, entered into force on 4th November of 2016, represents one
of the most important milestone of a process—initiated at the Conference of Rio in
1992—aimed at progressing towards a sustainable model of development. In par-
ticular, the Agreement foresees 175 parties—174 countries and the European Union
—taking responsibility to reduce greenhouse gas emissions caused by the con-
sumption of fossil fuels, limiting the increase of temperature below 1, 5 °C (UN
2016). Such commitment towards climate change mitigation is necessary because
the energy industry is still highly dependent from fossil resources. As an example,
the International Energy Agency (IEA) reports that in 2016 around 80% of the total
energy produced derived from fossil fuels—i.e. oil, natural gas and coal—with an
amount of emissions of 34,000 million tons of CO, (IEA 2017). Besides energy
efficiency, renewable energies sources (RESs) are expected to play a major role in
the pursuit of ambitious greenhouse gas reduction targets of the Paris Agreement.

Past researches confirm the presence of a wide public support for renewable
energy technologies (RETs) (Hall et al. 2013). RETs are considered low-emissions
sources of energy, able to foster widely diffused energy production as well as local
and global greenhouse gas and pollution reduction (Karytsas and Theodoropoulou
2014b). In 2011, a study at European level shows that 84%—or higher—of
European citizens support solar, wind and hydroelectricity (Eurobarometer 2011).
In a similar study in Canada, such percentage is even higher, with 90% of support
for the same types of renewable energies (Insightrix Research Inc 2011; Hall et al.
2013). Despite such support, citizens are still often reluctant to accept renewable
energy facilities in their so called “backyard” (Hall et al. 2013), because the
adoption of new energy technologies is frequently associated with losses of land-
scape and lifestyle (Ekins 2004; Hall et al. 2013). Such concerns related to RETs
have often been overlooked by policy makers and energy companies, relying on the
assumption that RETs adoption is generally driven by economic benefits and on the
awareness that taking active part in fighting global-scale issues—e.g. through CO,
emissions reduction and climate change mitigation—is socially responsible.
However, citizens usually are more prone to adopt RETs in order to gain a direct
economic benefit and to avoid (perceived) negative impacts at the local scale,
favouring an egoistic perspective over the altruistic global-oriented one.

Among RESs, geothermal energy has been characterised by various local issues
in the past. While geothermal energy is a programmable source of energy because it
is not affected by weather conditions such as solar and wind energy, it raises
complex local issues from different perspectives—i.e. technical, financial and
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socio-economic ones (Kubota et al. 2013). Technical and financial issues are under
the direct control of the energy companies, which can design technical solutions
and financial instruments to develop and manage geothermal energy facilities.
Instead, socio-economic issues are not under direct control of the energy company
since they affect and involve external stakeholders. As an example, socio-economic
issues are often raised by information asymmetries between citizens and energy
companies, which usually withhold information for competitive purposes. In fact,
information accumulated during the exploration phase represent an important part
of the competitive advantage gained with respect to competitors. The unwillingness
to disclose some kind of information can lead to losses of citizens’ trust towards
geothermal energy companies, creating the perception of danger and sharpening
citizens’ oppositions. For these reasons, geothermal energy companies need to
develop appropriate strategies and actions—information campaigns, trust building
activities, etc.—aimed at considering citizens’ perspective and their involvement.
An important instrument to address challenges associated with stakeholders’
management is Corporate Social Responsibility (CSR). The majority of CSR def-
initions share two basic ideas: companies have responsibilities not limited to the
mere seeking of profits or legal compliance, and such responsibilities apply not only
to shareholders but also to stakeholders (Swaen and Chumpitaz 2008). Accordingly,
corporate actions and strategies leaded by the principles of CSR are able to bring
together themes such as labour rights, environmental protection, financial perfor-
mance and sustainable development, taking into account needs and expectations of
a plurality of stakeholders. The adoption of CSR practices is generally considered a
suitable approach to create trustworthy relationships and consolidate communica-
tion channels for preserving geothermal energy acceptance.

Besides large geothermal energy plans, small-scale renewable energy tech-
nologies (S-RETs) represent a sub-category of RETs able to replace fossil fuels in
the production of energy, reducing greenhouse gas emissions and pollution
(Hyysalo et al. 2017). With no exceptions, S-RETs are affected by market diffusion
issues. Among S-RETs, shallow geothermal energy (SGE) systems are a perfect
example of a technology that is in the early market stage, despite its high potential.
In fact, SGE systems can be installed almost everywhere, to provide heating,
cooling and domestic hot water (Karytsas and Theodoropoulou 2014a). However,
their development struggles to take off. Technology providers have often used a
tailor-made approach to promote SGE systems and induce citizens to purchase
these solutions because of their high performance. Such an approach includes the
provision of a lot of technical information regarding the system sizing, the best
machine to be used according to the results of the underground explorations, etc.
All this information has spread among citizens a perceived complexity of these
systems, which has resulted into the amplification of citizens’ perception of
inability to control the installations (Yun and Lee 2015). Thus, only recently
technology providers have started developing new marketing approaches aimed at
promoting SGE systems as a standardised technology that does not require par-
ticular capabilities and knowledge to be run. These solutions aim at reducing the
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perceived complexity, involving citizens in the purchase and fostering SGE systems
development.

While citizens’ personal characteristics—such as perception of control over the
system functioning, attitude towards the S-RETs, etc.—can influence SGE systems
adoption, technology-specific characteristics like the high installation costs if
compared to traditional alternatives can represent another discouraging barrier.
Thus, promotion strategies and actions alone cannot ensure SGE systems adoption.
Technology providers need to build trustworthy relationships with citizens, giving
appropriate guarantees on technology reliability while reducing the initial invest-
ment cost. Risk sharing mechanisms—in which the technology provider covers the
initial costs, while guaranteeing mutually profitable performance standards—can be
a suitable solution to create trustworthy relationships with citizens.

These examples support the thesis of Yun and Lee (2015), who affirmed that
socio-economic aspects are “more important than technical “ones” in persuading
people to adopt” both S-RETs and RETs. This means that there is a need for
companies to consider the central role of local stakeholders and potential users in
the process of fostering geothermal energy technologies. This poses new questions
on how energy companies and technology providers can effectively push deep and
shallow geothermal energy development through the adoption of suitable
stakeholder-centred strategies and actions.

2 Corporate Social Responsibility (CSR) and Citizen’s
Involvement: The Role of Trust and Information
in Deep Geothermal Energy

Information asymmetries and trust towards the (geothermal) energy company
represent two potential issues that can impair the social acceptance of geothermal
energy facilities at the local level.

Information asymmetries are often caused by energy companies that want to
protect their competitive advantage, since information gathered during the explo-
ration phase are a valuable asset. On the one hand, they represent the informational
basis upon which geothermal energy companies evaluate the technical and eco-
nomic feasibility of the geothermal energy facility. In fact, the information gathered
in the exploration phase is used to map the underground, understand opportunities
and potential risks, and predict the performances of the geothermal field—in terms
of expected MWh extractable from the underground, evaluating its economic
profitability in the long-term. On the other hand, the information is very expensive
to obtain. Usually, approximately a quarter of the total investment is absorbed by
the exploration phase and another quarter is needed for the drilling phase. This
means that nearly half of the planned investment needs to be done before knowing
with certainty if the expected production outcome can be reached, thus guaranteeing
the economic viability of the project. Accordingly, energy companies are reluctant



Business Strategies in Geothermal Energy Market ... 43

to share the information gathered in the exploration phase, because they want to
avoid losing the advantage they have gained with respect to competitors.

Unfortunately, since geothermal exploitation is frequently questioned about
environmental impacts, the unwillingness to disclose information can be seen—
from the citizens’ perspective—as a symptom of geothermal energy companies’
lack of interest towards the protection of the natural environment as well as the
attention to the local socio-economic dimension. In fact, in name of protecting their
competitive advantage, energy companies do not even share information regarding
their operational activities, such as information on underground water composition,
air pollution, etc. In some citizens’ view, by concealing specific information, energy
companies can also exploit unsustainably natural resources, focusing just on
maximising their profits and minimising their costs. This means that energy com-
panies are expected to hide technical information, trying to concentrate their local
strength while remaining the main repository of know-how. By doing this, energy
companies can impede the coming of new entrants in their business and prevent the
creation of local synergies, which are considered a threat—instead of an opportu-
nity—to the pursue of company’s interests. Such opportunistic behaviours are
guided by the business-as-usual competitive rules, which means that firms should
only seek for their self-interests and obtain short-term competitive advantage
through information asymmetries (Rizzi and Frey 2014). By doing this, firms
pursue the interests of a part of their shareholders, without considering the other
stakeholders affected by companies’—internal and external—activities. Contrarily
to this view, there are various management theories that stress the importance of the
adoption of a multi-stakeholder perspective, in which cooperative solutions and
pro-active approaches create the basis of long-term planning capacity and growth
(Rizzi and Frey 2014).

Stakeholder theory is one of the most relevant theories that guide companies—
and in this case geothermal energy companies—in taking an active role in their
relationships with stakeholders. Stakeholder theory states that “a company has a
responsibility toward all those who contribute directly or indirectly to its life close
or afar. [...]. Concerned parties include suppliers, customers, employees, investors
and the local community” (Freeman 1984; Swaen and Chumpitaz 2008).
Stakeholder theory reverses the perspective of the business-as-usual, by underlying
the importance of including all stakeholders’ needs into company’s strategies as
well as operational practices. Adopting this theory, the company can avoid
opportunistic behaviours towards other stakeholders—and simultaneously towards
the society and environment at large—, strengthening positive relationships and its
reputation. The stakeholder theory is often operationalised through the implemen-
tation of Corporate Social Responsibility (CSR) best practices. CSR is a “concept
whereby companies integrate social and environmental concerns in their business
operations and in their interaction with stakeholders” (European Commission
2001). This definition underlines the effort that companies should make in con-
sidering their impacts on society and the environment, while increasing ethics in
business practices (Matten and Moon 2008: p. 405; Hur et al. 2014; Moncrieff
2015; Ruggie 2008; Utting 2005; Benites-Lazaro and Mello-Thery 2017). In doing
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so, companies should “take into account the demands and expectations that emerge
from their stakeholders” (Sachs and Ruhli 2011; Scherer and Palazzo 2011;
Suchman 1995), seeking “community acceptance” or ‘“social legitimacy”
(Benites-Lazaro and Mello-Thery 2017). Following the stakeholder theory per-
spective, CSR best practices—that range from international standards like SA 8000
and ISO 26000, and voluntary reporting initiatives, like the Global Reporting
Initiatives (GRI) and UN Global Compact—allow companies to assume their
responsibilities towards society and the environment—by including ethics in their
practices—, while simultaneously accounting for the needs of their stakeholders. In
past decades, companies have just partially changed their business models, limiting
the adoption of CSR to the inclusion of some social and environmental targets in
their businesses from a top-down perspective (Du et al. 2011; Sidhoum and Serra
2017). Despite that, today’s companies have more awareness that their approach to
CSR should become also “interested in the way they interact with stakeholders”
(Sidhoum and Serra 2017), which implies additional efforts for actively involving
them. In fact, even though led by ethical principles, companies-focused unilateral
CSR practices may not reflect stakeholders’ expectations and concerns, and they
can result ineffective. Consequently, the introduction of stakeholders’ needs and
expectations within companies’ strategic and operational CSR objectives is today
increasingly done, privileging bottom-up approaches.

Among energy companies’ stakeholders, local citizens are of primary impor-
tance. In fact, social acceptance issues that impair geothermal energy facility
development often derive from information asymmetries and lack of trust between
energy companies and local citizens. Citizens’ informational needs could be sat-
isfied by creating ad hoc strategies and actions aimed at aligning energy companies’
behaviours and stakeholders’ needs. In fact, an approach in which energy compa-
nies listen to the requests of information from the stakeholders prior to disclose
information and give account for their behaviours is desirable, since it would
communicate not just that the exploitation of the natural resources is carried out
without any harms for local citizens, but could also prevent uncontrolled amplifi-
cation of fears. This kind of information sharing activities has been proved to be
beneficial in terms of citizens’ opinion about geothermal energy. For example,
Carr-Cornish and Romanach (2014) reported the positive effect of the provision of
information to citizens through focus groups. They found significant changes in
citizens’ opinion, becoming more prone to accept and use geothermal energy for
their energy consumption. Adopting effective CSR strategies thus require an active
involvement of citizens in a two-ways communication channel, in which energy
companies and citizens work together to understand each other and develop
strategies and actions for mutual benefit. As an example, the multinational energy
company ENEL applies instruments such as stakeholders’ map, priorities matrixes
with combined priorities of both the company and local citizens, and actions plans
to structure its citizens’ involvement strategies and activities in the short, medium
and long-term (ENEL 2016). In the ENEL case, the priorities matrixes represent the
core instrument, since their fulfilment is the result of a continuous process of mutual
understanding of needs and development patterns between the company and local
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citizens (ENEL 2016). Scientific meetings, public debates, bilateral meetings with
parties’ spokespersons represent only few examples of possible occasions in which
the mutual understanding process can take place. Besides establishing lively
communication channels, partnerships could be another effective way to put CSR
into practice. In fact, energy companies can engage and empower local actors in the
business development process, instead of jealousy retaining their know-how.
Energy companies’ collaborative strategies and actions have been proved to be
beneficial for the geothermal sector’s long-term growth (Rizzi and Frey 2014).
A typical example is the integration of related business, e.g. district heating net-
works, greenhouses, food industry dryers, spa and fitness centres. etc. as multipliers
of employment opportunities that depend on a sustainable use of geothermal
resources. In fact, they can lead to “catalysing positive attitudes towards geothermal
development and boosting the search for technology improvements” (Rizzi and
Frey 2014). As a consequence, revisiting the business goals from the standpoint of
the search for appropriate CSR practices can usefully offer the basis of the
«cultivation» of the relationship between energy companies and citizens—and local
stakeholders at large—, resulting in an increased technology acceptance as well as
an increased energy companies’ support.

Such collaborations and partnerships seem to depend more on the organizational
culture than on the technical characteristics of the specific project. Not surprisingly,
worldwide empirical evidence is drawn from the evolution of explicit and public
corporate discourses. Top managers increasingly recognise the importance of
involving and cooperating with local communities as a driver for competitive
advantage. As an example, Li Huaizhen—President of the worldwide investment
group China Minsheng Investment Corp.—affirmed that “Once you have done your
bit—fulfilled your social responsibilities and formed a community with shared
interests, with local people—they will welcome your projects and provide huge
support. So, a company’s own interest and the social value it provides are closely
connected. In fact, this is also a kind of investment, and it always brings return”
(PWC 2016: p 16). Even though belonging to a very different sector as compared
with the energy sector, Li Huaizhen implicitly introduces one of the most important
outcomes of CSR strategies and actions: the definition of trust among parties as a
strategic corporate goal. In fact, welcoming and support of projects are dependent
from the creation of shared interests with local people, connecting company’s own
interest and the social value it provides. As stated by Morgan and Hunt (1994), the
existence of values that the parties share and think are appropriate and important is
the fundament of trust, and drives mutual benefits. To say it with the words of the
PWC’s report (2016) “[...] when there is a high level of trust in a company, it
drives business performance by attracting new customers and retaining existing
ones. A high level of trust also makes employees more committed to staying with the
company, partners are more willing to collaborate and investors more prepared to
entrust stewardship of their funding. Consequently, those organisations that can
build trust seem to garner significant benefits”. In the geothermal energy setting,
the removal of information asymmetries—through a mutual understanding process
—can allow citizens and energy companies sharing what they both think is
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important, and establish a trustworthy relationship. Past studies highlighted how
citizens’ trust—and its various conceptual dimensions—towards energy companies
and institutions represent a key factor for the acceptance of geothermal energy
facilities. Pellizzone et al. (2017) highlighted the “pivotal role” of trust in cases of
technology development. In particular, trust related to competences—towards the
energy companies—, and trust related to values—a social trust towards institutions
—both emerged as crucial for the acceptance of geothermal energy facilities
(Pellizzone et al. 2017). Similarly, Carr-Cornish and Romanach (2014) underlined
the importance of trust towards energy companies and institutions in the perception
of benefits deriving from the development of geothermal energy facilities: when
increasing trust, the perception of benefits becomes stronger. Moreover, trust has
been proved to be crucial for energy companies’ legitimacy and reputation. In their
research, Rizzi and Frey (2014) found that failures in energy companies’ legiti-
mation across communities can be attributable to their opportunistic and untrust-
worthiness behaviours.

In sum, adopting a CSR perspective not only removes information asymmetries
—through citizens’ involvement—and increases geothermal acceptance, but also
increases trust among parties, making energy companies become a privileged
industrial partner in the local context. In that, energy companies can benefit from a
twofold advantage: they anchor their business model both to tangible (e.g. natural
resources) and intangible (e.g. know-how, relations, etc.) assets (Rizzi and Frey
2014), which can be durable and not easy to imitate. Thus, such practices strengthen
energy companies’ competitive advantage, since it becomes harder for competitors
to access or gain similar relational resources (Rizzi and Frey 2014).

3 Promotion Communications, Risk Sharing Mechanisms
and Citizen’s Involvement: The Role of Trust
and Information in Shallow Geothermal Energy

Management of trust and information complements technical issues not only for the
exploitation of deep geothermal energy sources, but also for the development of
shallow geothermal energy projects.

In the last decade, technological innovation in renewable energy generation has
led to the growing awareness among citizens of technologies for decentralised
energy generation (Van der Schoor and Scholtens 2015). S-RETs are becoming
increasingly affordable for a large part of the population, and their adoption in
private buildings—such as houses, commercial buildings, etc.—is rapidly
increasing (Yu and Lee 2015).

Among the various S-RETs that citizens can adopt, shallow geothermal energy
(SGE) systems represent a valid alternative. Low enthalpy—or shallow—geother-
mal energy is an “ubiquitous and environmental friendly renewable energy
resource” (Bleicher and Gross 2016), that uses the difference of the temperature
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between the surface and the underground to provide heat, cold and domestic hot
water for buildings (Bleicher and Gross 2016). Even if SGE systems can be very
efficient and can effectively contribute to the reduction of buildings’ energy con-
sumption, their diffusion is still at an early stage. In the attempt to foster the
adoption of SGE systems, early technology providers have targeted citizens by
using a tailor-made approach, so as to find the best fit between the technical design
and the site-specific conditions, such as flows of heat and water underneath the
surface. Unfortunately, the adoption of a tailor-made approach, which is reasonable
from a technocratic perspective, has not been successful with respect to promotion
strategies. In fact, early technology providers’ promotion strategies were based on
communications assuming that the possession of accurate information is a guarantor
of wise judgement and precursor of decisions “taken both in the person’s and
society’s best interest” (Ajzen et al. 2011). Consequently, technology providers
overwhelmed the potential users—i.e. citizens—with abundant information, aiming
at showing the technical superiority of SGE systems as compared with conventional
technologies or other S-RETs. The amount of information provided led citizens
perceive SGE systems as highly complicated and difficult to run, discouraging their
adoption. Not surprisingly, past studies suggest that S-RETs—and in particular
SGE systems—are perceived as complex and difficult to be controlled by citizens
(Yu and Lee 2015), and need “ad hoc” promotion strategy (Yu and Lee 2015).

While the perception of technology complexity—i.e. the perception of ease in
using a technology—is crucial in the decision to adopt it, economic barriers have
also proved to be important in citizens’ adoption decisions. First, initial investment
costs are usually higher for SGE systems than for all the other S-RETSs. In fact, SGE
systems often needs multiple bore-holes to allow the exchange of heat with the
underground, and the drilling costs represent one of the most relevant costs in the
constructions phase. Second, maintenance costs are another factor that can be rel-
evant in the economic balance of the installation. Even though experienced
designers can accurately predict maintenance costs, a lack of information about the
underground conditions can mislead less experienced designers, resulting in a
general perception that maintenance costs of S-RETs are not easily predictable.
This aspect represents a factor of risk that citizens need to consider in their adoption
decision, since it can impair the technical and economic viability of the entire
system. In addition, citizens often associate systems’ malfunctioning and related
economic problems with the opinion they have about the technology provider.
Consequently, positive (negative) experiences with the use of the system can
increase (decrease) a citizen’ trust towards the technology provider, facilitating
(compromising) a solid relationship between the two parties. From the technology
provider’s perspective, a trustworthy relation with citizens is also helpful to pro-
motion purposes. Citizens with a good experience with the technology provider will
be more likely to share with other people their positivity about the technology,
increasing others’ perceived control over the performance of the system and the
trust towards the technology provider itself.

The role of information and, in particular, of promotion strategies, emerged as
central for promoting SGE systems adoption. However, early promotion strategies
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based on a tailor-made and technocratic approach were not able to foster the
adoption of SGE systems, since they amplified instead of reducing the perceived
complexity of the system. Recently, some technology providers have thus started to
present SGE systems as a standardised technology that do not need particular
capabilities and knowledge to be installed and run. Standardised products are
usually evaluated using the ratio between cost and overall quality of the product:
individuals choose the product that, in their opinion, present the best ratio.
Accordingly, technology providers should promote SGE systems presenting their
favourable cost/quality ratio as compared with other S-RETs. However, presenting
such ratio alone is not sufficient to effectively foster SGE systems adoption. In fact,
citizens usually have basic information—albeit approximate—about the standard-
ised product they are purchasing while, in the case of SGE systems, such infor-
mation is often lacking. As an example, technology providers that promote solar
panels do not need to explain what is a solar panel: such informational basis is
already present for the majority of citizens, even though they have not already been
a user of the technology. Therefore, technology providers should make an addi-
tional promotion effort, in order to increase citizens’ informational basis of SGE
systems and make it comparable with other S-RETs.

This approach to promotion could consist of short-term and long-term promotion
strategies and actions. On the one hand, short-term promotion strategies should be
aimed at influencing potential users’ intentions immediately—usually focussing on
the cost/quality ratio, pushing them towards the adoption of a new product (or
service) in a precise moment in time. An example of short-term promotion action is
the use of the appeals for advertising purposes. An appeal is an advertisement tool
that present information related the product (or service) to be sold. Examples of
appeals can be found in advertisement, in which a photo and product-related
information are showed to individuals to foster their purchase. The effectiveness of
appeals has also been confirmed by scientific literature in numerous cases, such as
promotion of pro-environmental behaviours and, in particular, promotion of
behaviours related to the adoption of technologies for energy conservation (Allen
1982; Nolan et al. 2008). Thus, appeals could represent a suitable short-term pro-
motion action for technology providers aimed at fostering SGE systems adoption.
On the other hand, long-term promotion strategies should be aimed at increasing the
informational basis of potential users with respect to the new product (or service)
itself. In this case, technology providers should set-up for their potential buyers a
process of prolonged information exposure, in order to repeatedly provide them
information about SGE systems. For example, informational campaigns underlying
positive characteristics of SGE systems as well as contrasting negative or mis-
leading information can be an effective instrument for increasing citizens’ infor-
mational basis about SGE systems, as long as they are carried out continuously. In
addition, a prolonged process of exposure to information has been proved to
indirectly influence individuals’ intentions and behaviours (Witzling et al. 2015;
Ajzen 2011). As a consequence, informational campaigns addressing, for example,
SGE systems’ perceived complexity could change not only potential users’ infor-
mational basis—making SGE systems be perceived as less complex—, but also
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positively influence potential users’ adoption intentions and behaviours. Therefore,
long-term promotion strategies and actions should be structured in accord and
together with short-term promotion strategies and actions, in order to have a
combined effect that could increase the likelihood for citizens to adopt SGE
systems.

The increase of citizens’ informational basis can also be obtained reporting
positive experiences of other people with the technology and the technology pro-
vider. This phenomenon is usually called “word-of-mouth” and it is one of the
strongest promotion strategies that technology providers can adopt. However, to
rely on such strategy, technology providers should provide citizens with solutions
that take off the perceived risks—i.e. underground risks and related economic
problems—and make people trust they are a good and reliable company. In fact, the
judgement on the experience associated with the technology also depends on the
quality of the relationship with the technology provider, i.e. whether he is able to
guarantee an appropriate support in every critical circumstance. Risk sharing
mechanism can be a suitable tool for guaranteeing such support and building a
trustworthy relationship between parties. In risk sharing mechanisms, the technol-
ogy provider is able to simultaneously bear the initial investment cost and guarantee
an agreed system performance for a fixed period of time, based on a range of
performance assessed beforehand the installation of the system. Through such
mechanisms, the technology provider is able to give a tangible support for the
appropriate functioning of the SGE system, as well as to show that it is willing to
handle, on behalf of the potential user, all the associated risks. Thus, the technology
provider is able to reverse the business-as-usual relationship with the potential user
—based on a seller-purchaser interaction—, and establish a relationship in which
the two parties seek for the well-functioning of the installation. By doing this, the
quality of the relation increases, and the potential user’s fear of technology pro-
vider’s opportunistic behaviours is nullified. As a consequence, potential users
could be more prone to trust technology providers that use risks sharing mecha-
nisms, since they could rely on a non-adversarial relationship with them.

The combination of information strategies and action with risk sharing mecha-
nisms fostering trustworthy relationships should allow technology providers to push
SGE systems adoption, relying on an approach that takes into account citizens’
needs and remove the impairing barriers.

4 Conclusions

Energy companies and technology providers need to deal with different aspects to
foster deep and shallow geothermal energy. Besides technical issues, the relation-
ship with citizens emerged as one of the key aspect to be addressed. On the one
hand, deep geothermal facilities’ local acceptance issues emerged from lack of
information and trustworthy relationships between citizens and energy companies.
On the other hand, limitations in the SGE systems’ adoption emerged from lack of
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appropriate promotion strategies and actions, which are fundamental to establish
mechanisms aimed at facilitating the adoption of S-RETs by building trust among
parties.

Therefore, the two themes that characterise the fil rouge of the future challenges
for the development of the geothermal energy sector are information and trust.
Information and trust emerged as the necessary key blocks that companies—energy
companies and technology providers—need to manage if they want to achieve
citizens’ involvement. In the past years, companies have started to search for
effective ways to involve citizens, since it is “a kind of investment” which “always
brings return” (PWC 2016). Despite this effort, it is often difficult for companies—
energy companies and technology providers—to identify suitable strategies and
actions that can be adopted, due to the high heterogeneity of situations—in terms of
citizens with different cultural backgrounds and local needs, as well as different
personal characteristics—they need to face. The suggested strategies and actions of
CSR, promotion strategies and risks sharing mechanisms represent potential
approaches to act on information and trust, fostering citizens’ involvement.

Specific relevance should be given to information and trust as mutually rein-
forcing themes: when information is shared and communicated properly and the
perceived risks are reduced, trust among parties increases. This means that, with
such premises, energy companies and technology providers can initiate a process of
“cultivation” of the relationship with citizens, which can be maintained and
strengthen over time. In this way, energy companies and technology providers’
place their relationship with citizens at the centre of their strategies and actions,
establishing unique relationships with them.

Ultimately, energy companies and technology providers should be prepared to
deal with such strategies and actions. In fact, competences and capabilities that are
required to design and put into practice CSR, promotion strategies and risks sharing
mechanisms are not always present within energy companies and technology
providers’ human resources. On the one hand, employing internal resources allows
energy companies and technology providers to develop personalised solutions to
their socio-economic issues, establishing a unique relationship with their stake-
holders—in particular, citizens. Despite such advantages, the development of
internal competences and capabilities requires conspicuous long-term investments
and high levels of commitment within the company. On the other hand, employing
external resources represents a short-term and limited investment, but it does not
ensure the same level of personalisation and accuracy with respect to the solutions
of energy companies and technology providers’ socio-economic issues. The deci-
sion to use internal resources—i.e. including such competences and capabilities
within the company—or external resources—i.e. relying on external partners—
represents a strategic decision that need to be accurately evaluated, even though
both options can be potentially adopted. Despite the differences among the two
alternatives, energy companies and technology providers are encouraged to share,
within their organisation, procedures, results and lessons learnt from the imple-
mentation of CSR, promotion strategies and risks sharing mechanisms. In fact, this
sharing activity is able to foster an organizational culture in which everyone agrees
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on the importance of stakeholders’—and in particular citizens—involvement, ori-
enting corporate behaviours towards the key blocks of sharing information and
building trust. Thus, strategies and practices of stakeholders’ involvement become a
company diffused patrimony, which allows more reliable investments and improves
the ability to tackle accidents in the business environment.
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Abstract The basic premise of this volume is that the role of society is crucial in
shaping the future path of developments in the geothermal sector. This chapter
discusses some of the ways in which the science and technology in this field might
be aligned with societal values and needs on a path for a sustainable transition
towards a low carbon energy future. This is done by briefly presenting potential
conceptual frameworks for analysing the societal transition and by discussing some
of the tools for public engagement. The chapter is divided into three sections and
begins with comparing the concept of Corporate Social Responsibility (CSR),
prominent within the literature on business studies and management, with a recent
approach termed Responsible Research and Innovation (RRI), of particular rele-
vance for this volume because of the emphasis placed on societal involvement and
public engagement in processes of innovation. The second section draws upon
literature from social science and socio technical systems to discuss conceptual
frameworks for public engagement and citizens’ participation as increasingly
important element in innovation processes in the energy sector. The third section
discusses the diverse tools for public engagement that are currently available for
public engagement and citizens’ participation processes.
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1 Approaches to Responsible Innovation and Society

The aim of this chapter is to briefly outline approaches and social scientific con-
ceptual frameworks as aids to further understanding of the relationship between
geothermal energy and societies and to give first steps of guidance for the inter-
pretation of the richness of the material presented in the 11 country profile case
studies that follow in the next section of this volume. These are all unique con-
tributions to the emerging field of reflections upon and research on the relationship
between geothermal energy and society. Together they make up a new and an
innovative corpus of material in this field. Further, the authors come from a wide
range of disciplines and approaches, apart from the more notable quality of coming
from differing parts of the globe and very diverse cultural and political milieus. As
these profiles were solicited from experts ex post, the contributions could not
possibly follow a unified conceptual or methodological approach. Rather, these
studies represent a patch work vision of what is being done in this field interna-
tionally and as such they are a source of learning and inspiration for the future.

As the socio-political pressure towards designing a sustainable future increases,
in particular the transition towards a common global low carbon future, it has
become evident that the role and the potential contributions of the social sciences
have been somewhat neglected in energy studies (Pidgeon et al. 2014; Sovacool
2014; Stirling 2014). The immense societal complexity of the energy transition, in
this case geothermal, with shifting constellations of actors and stakeholders
necessitates insights and expertise from a broad range of disciplines, from the earth
sciences and engineering to economics and social sciences. The social sciences can
provide insights on societal questions just as earth sciences and engineering offer on
more technical and scientific issues (Minsch et al. 2012).

Oftentimes, the role of the social sciences in energy studies has first and fore-
most been that of ensuring that techno-economic perspectives prevail by aiding
market uptake and ensuring social acceptance (Goldblatt et al. 2012). Indeed much
of the social scientific literature on energy and societies originates in studies on
management of innovation from the point of view of industry or engineering. In the
Chapter “Business Strategies in Geothermal Energy Market: A Citizens-Based
Perspective” Michele Contini and colleagues presented the concept of Corporate
Social Responsibility (CSR) and discussed the different issues such as information
and trust that arise in the harnessing both deep and shallow energy resources, from
the point of view of energy companies and the ramifications for the business models
they apply. By definition, CSR tends to be articulated as corporate strategies driven
by industry with the primary mandate of catering to the interests of the share-
holders, but as Contini and colleagues point out, the concept also includes catering
to the interests and perspectives of all stakeholders. In recent years, the attention is
increasing turning towards business models that aim to foster social legitimacy
amongst stakeholders (Sachs and Riihli 2011).

For over a decade now, experts from around the globe have been working on
fresh approaches to innovation in order to better align innovation processes with the
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needs and values of societies or local communities in a rapidly changing world
(Ostrom 2010; Jasanoff 2005). This tendency goes hand in hand with growing
awareness of environmental concerns and more broadly issues regarding ethics and
fairness—in light of “the struggle to govern the commons” (Dietz et al. 2003). This
is also exemplified in the growing demand for deliberative democracy that has swept
the world in recent years (Fishkin 2011; Thompson 2008). Innovation, science and
technology “overflow” and incessantly push back the boundaries of the current
scientific and normative institutional frameworks and require “new hybrid forums”
for complex, democratic and enriched discussion on innovation (Callon et al. 2009).

Amongst these contemporary approaches, “Responsible Research and
Innovation” (RRI) as for example clearly articulated by the European Commission
and other public authorities has become rather prominent in recent years. It is an
attempt to include wider society, beyond shareholders and immediate stakeholders,
in technology and innovation processes with the aim of tackling great societal
challenges—such as the transition to low carbon society. The most widely used
definition of RRI is: “Responsible Research and Innovation is a transparent,
interactive process by which societal actors and innovators become mutually
responsive to each other with a view to the (ethical) acceptability, sustainability
and societal desirability of the innovation process and its marketable products (in
order to allow a proper embedding of scientific and technological advances in our
society)” (von Schomberg 2013, p. 19).

The RRI approach is an attempt to forge new and inclusive synergies between
science, technology and society, encouraging “upstream” engagement (Jasanoff
2007) of all relevant stakeholders. Upstream engagement implies that efforts should
be made to ensure that society becomes a partner in co-constructing the path of
innovation from the initial planning stages and throughout developments as opposed
to seeking public approval and social acceptance only in the final phases of devel-
opments. There are at least four key dimension to RRI, anticipation, inclusion,
reflexivity, and responsiveness (Stilgoe et al. 2013). For the purposes of this chapter
on geothermal energy and society, those dimensions can be articulated and simplified
as: to attempt to anticipate what the future will hold in terms of promises and perils; to
include wider society through citizens’ participation and public engagement and a
range of outreach activities; to be reflexive in the sense of taking all perspectives into
account as opposed to merely imposing a predefined agenda in public deliberations
and activities; to be responsive in the sense of integrating the outcomes of activities in
shaping the direction of innovation (see also Owen et al. 2012).

2  Conceptualising the Relationship Between Geothermal
Energy and Society

This section draws upon two diverse streams within the social science literature on
energy and society. The first part is tilted towards the sociological side and presents
three distinct models from the literature on socio technical systems. The second part
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tends more towards studies on science and society in general, and the energy sector
in particular, from a more social psychological perspective where the emphasis of
analysis shifts towards the views of general public and communities.

In any case, there is a certain tendency in studies on innovation and society, the
energy transition included, to regard society as an obstacle in the path of smooth
innovation, as hurdles that need to be overcome and that is when or why the social
science is called upon to come to the rescue. That further rests upon a tacit
assumption that only opposition to innovation and development is a worthy object
for social scientific research (Pellizzone et al. 2017). Unbridled enthusiasm for new
technology is at least an equally important topic for social research as the current
upheaval over highly popular social media network and the use of data freely
handed over by participants clearly underlines. There is always an ongoing tension
between the technology push, where stakeholders that are usually more powerful
gather resources to further their agendas and the pull that comes from those who
demand the new technology (von Schomberg 2013). Some fields of innovation
seem to blend seamlessly into the fabric of society while others become highly
contentious and politicised issues and evolve into intractable problems. Millions
have handed over very personal and often sensitive information and data about the
intimate details of their lives to big commercial companies without a thought, but
people have gone out and marched the streets protesting genetically modified
organisms (GMOs).

What has that to do with geothermal energy? The short answer is that, in
comparison with some other and better known renewable energy technologies such
as wind and solar, geothermal energy is much less known and in some cases
perceived as shrouded in uncertainty (i.e. Pellizzone et al. 2015) but not rejected as
is the case for nuclear energy (Pellizzone et al. 2017). In comparison with other
renewables, geothermal energy could possibly fit the description of technologies
with controversy potential (Torgersen and Hampel 2012). The future will tell but it
is this very uncertainty over geothermal energy resources that makes for an
intriguing social scientific study. Further, emerging technologies and major societal
transitions, for example towards a low carbon future, tend to have high intrinsic
levels of uncertainty and underlines the need for a reasoned public dialogue to avoid
the perception of an unfair and technocratic decision making process far removed
from the concerns of the citizens.

The term socio technical systems (STS) refers to an ensemble of technological
and social components interacting in an environment in order to fulfill a specific
objective (societal functions, Geels 2004) that could not be reached exclusively by
the single technological or social component acting (Miller et al. 2015). Based on
this definition, geothermal energy systems can be described as STS being a matter of
innovation in technology, institutional and regulatory frameworks, market strategies,
organizational settings and collective and individual behaviours (Padovan and
Arrobbio 2017). Here three different models of STS are briefly discussed.

The Multi-Level Perspective model (Geels 2004, 2010) regard STS transitions as
the result of the linkage of developments at three levels: micro-level (or
niches-of-innovation), meso-level (the socio-technical regime intended as the
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assemblage of actors, networks and rules), macro-level (the socio-technical land-
scape intended as exogenous environment of cultural, economic and political
patterns).

A second model (Walker and Cass 2007) is based on the continuous interaction
and mutual shaping between technical and social component and on the vision of
technologies as “...configurations of the social and technical which have emerged
contingently in particular contexts and which mirror wider social, economic and
technical relations and processes”. In the model, the hardware is intended to be
socially constructed in the sense that it is not mere technical stuff, but a material and
organizational technology aimed at providing a function/service. The software is
the “...social and infrastructural organization through which hardwares are utilized
and given purpose and meanings”. Alternative organizations and different STS
resulting from different assemblages of hardware and software components are
always possible.

The reflexive governance model (Smith and Stirling 2007) conceptualises the
combination of two mutually constituting processes. On the one hand, the ‘epis-
temic’ process of social appraisal, or the definition of actors’ ‘ways of knowing’
the STS itself that may result in more or less differentiated or shared perspective on
the techno-scientific objects; the ‘ontological’ process of social commitment, or the
definition of actors’ ‘ways of being’ in relation to the STS that is their position and
relationships on the other hand. The coevolving relationship between appraisal/
commitment processes defines a model of governance that result from the wrestling
between two ideal-types: the governance on the outside aimed at acting upon STS
by instrumental and managerial tasks and the governance on the inside intended as
a process of conditioning and being conditioned by the techno-scientific object
itself (i.e. reflexive).

The models described above differ in their conceptualization of the STSs’
components and dynamics but have in common the relevance assigned to the
alignment and co-evolution among different parts of the systems. Although these
models are valuable conceptual tools and shine a light on the complexities of
co-evolving systems, for example the societal transition towards a low carbon
future, they do not give priority to citizens’ participation and public engagement
processes.

In a recent article, Patrick Devine-Right and colleagues proposed a novel con-
ceptual framework for understanding the social acceptance of energy infrastructure
(Devine-Wright et al. 2017). The authors aim to build upon and further refine the by
now classic model of social acceptance of renewable energy (Wiistenhagen et al.
2007; Wiistenhagen and Menichetti 2012) by adding a more social psychological
perspective that “focuses upon the role of belief systems held by diverse social
actors (e.g. policy makers, journalists, community leaders)” and “cannot be
understood without also taking existing political, economic, socio-cultural and
geographical factors into account”. Although this framework is being developed in
the emerging issues surrounding the future of energy storage it appears to be rather
fitting for the issue of geothermal energy as well.
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Their interdisciplinary approach draws upon on the theory of social represen-
tations that are conceptualised as systems of beliefs and processes of communi-
cation in society. The theory of social representations has been highly influential in
contemporary social psychology where it originated in studies on how science,
technology and innovation become a part of society or not, as the case might be.
Thus the theory is particularly well suited as a framework for the analysis of
technological change and the role of society in innovation processes and has been
applied in studies on a range of techno scientific issues (Gaskell et al. 2015).

In this context it is worth raising two important points, or insights, that stem
from years of social psychological research. On the one hand the balance between
perceptions of risks and benefits and on the other hand the issue of trust. Research
from a social psychological perspective, across diverse domains and situations of
high level of uncertainty, indicates that the old adage “better the devil you know”
tends to hold true. Although a gross simplification, that is the essence of the elegant
Prospect Theory that perception of risk carry a greater weight than equally likely
benefits (Tversky and Kahnemann 1992; Kahnemann 2011). In other words, when
the potential benefits of innovation are less salient than the potential risk perceived
the developments in question are less likely to be supported. Further, trust is a
potent force in the relationship between society and innovation. Trust is concep-
tualised as being constituted by two different elements: confidence that is related to
perceived competence, for example directed at actors in the energy transition, and
social trust that relates to values share with those actors (Greenberg 2014).

3 Tools for Public Engagement

Almost 15 years ago, Alan I. Leshner the CEO of the American Association for the
Advancement of Science (AAAS) and editor of the journal Science wrote “We need
to engage the public in a more open and honest bidirectional dialogue about
science and technology and their products, including not only their benefits but also
their limits, perils, and pitfalls. We need to respect the public’s perspective and
concerns even when we do not fully share them, and we need to develop a part-
nership that can respond to them” (Leshner 2003, p. 977). These words were both
prophetic and emblematic for the zeitgeist at the beginning of a new millennium
when a new consensual societal pact on research, innovation and technological
progress was firmly on the horizon. Such a clear framing of the science—society
relation in terms of a bi-directional dialogue inevitable brought with it new sets of
concerns and perplexities as further efforts were needed to clarify what the mech-
anisms of public engagement were actually meant to achieve (Hagendijk and Irwin
2006; Wilsdon and Willis 2004).

Research on the relationship between society and science, technology and
innovation has gone through successive stages over the last decades (Bauer et al.
2007). Each stage has been characterised by a preferred conceptual and method-
ological approach. The research agenda has moved from the early days of science
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literacy, with emphasis on public education, grounded in the assumption that if
unruly publics would just be given accurate information as decided and defined by
expert authorities technological progress would run smoothly in the right direction.
That stage gave way to the growing interest in what public understanding of science
and innovation might entail with the emphasis shifting from literacy to research on
sets of attitudes. Finally, in recent years public participation and deliberative
exercises have come to be considered the privileged approach (Owen et al. 2012;
Stilgoe et al. 2013).

A concise, clear and highly influential overview of the tools and mechanisms of
public engagement with controversial issues of innovation differentiated between
three distinct types of activities and initiatives (Rowe and Frewer 2005). Initiatives
were differentiated in terms of the flow of information between participants and
sponsors organising the initiatives or activities. First, public communication where
the sponsor is the sources of information that is then given to the participating
public. Second, public consultation, where information is gathered from the public
and conveyed to the sponsors, although no real dialogue takes place between the
parties. Third, public participation, where exchange of information takes place
between the sponsors and the participating public. This typology only applies to the
flow of information between previously defined actors, sponsors versus partici-
pating public, within the setting of the engagement activities and does really cover
what happens once the initiatives are concluded. In other words, how the eventual
outcomes might impact decision making processes in the field under consideration.
However, the normative framework that later grew out of this work was validated
and put to the test in the context of the “GM nation initiative” commissioned by the
UK government with the aim of gauging public opinion on genetically modified
crops ahead of major policy decision making (Rowe et al. 2008).

The literature on public engagement is rapidly growing as recent years have seen
a proliferation of initiatives and activities. However, consensus has not yet been
reached on which approach is the most appropriate, or effective for that matter, and
researchers have to make informed and reasoned choices about the approach to be
applied in particular research setting on how a given public and stakeholders engage
with innovation and development.

Public engagement and deliberation exercises differ widely on a number of
dimensions, for example in their geographical scope. Most initiative that concern
the energy transition and the environment have taken place in somewhat restricted
areas dealing with localised issues and concerns of local communities (Dietz 2013)
and that holds true for many of the case studies presented in the national country
profile in the next section of this volume. In contrast, a recent research project
designed and carried out a national citizens’ engagement exercises on the future
energy policy of the UK (Pidgeon et al. 2014).

All forms of public engagement activities and deliberation exercises can draw up
on the rich toolkit of social science research (Bickman and Rog 2009; Denzin and
Lincoln 2011). Such tools range from large scale cross national surveys (conducted
face to face, by telephone or online panels) that are particularly useful when the
research interest is on mapping the prevalence of given sets of views and beliefs
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across social groups and countries. The data obtained in this way easily lend
themselves to quantification and statistical analysis. On the other end of the spec-
trum of social scientific tools are those that give a much more nuanced picture of the
views and perspective of different actors, such as in depth interviews with members
of the public, local groups and stakeholders. Interviews can be conducted indi-
vidually or discussions can be carried out in groups, using the “focus group”
methodology. In any case, the analysis can be both quantitative or qualitative,
depending on the aims and scope of the analysis. Other tools include systematic
media analysis and analysis of documents produced by diverse actors and stake-
holder, in all cases the researcher has a choice to make between quantitative and
qualitative approaches to the analysis.

4 Conclusions

This chapter has given a short overview of some of the main approaches to the
issues surrounding geothermal energy and society. It has briefly outlined influential
approaches to innovation in the field of energy and society by comparing and
contrasting Corporate Social Responsibility (CSR) with Responsible Innovation or
Responsible Research and Innovation. This was done by contextualising these
approaches to innovation in wider socio political change such as the emerging
concerns over environment, justice and ethics and the move towards experimenting
with deliberative democracy in political decision making processes more in general.
The second section of the chapter presented conceptual frameworks to social sci-
entific research on energy and society by moving from a sociological take on socio
technical systems to more social psychology approaches and some key concept
embedded within them. The third section presented some selected tools to be used
and efforts that have been made to design and conduct public engagement exercises.

Public engagement in the energy transition is very much work in progress as the
conceptual frameworks and actual methodological guidelines are still under con-
struction. That said, public engagement and citizens’ participation has gained a new
momentum in mainstream political discourse across the globe in recent years and
will therefore play an increasingly important part in decision making processes in
the transition towards renewable energy, such as the responsible harnessing of
geothermal resources. A recent book by an influential scholar carried an unusual
title: “Are we all scientific experts now?” (Collins 2014). Of course not, but
including a variety of views in determining a sustainable path for the future can
only strengthen policy making processes surrounding innovation.
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Drawing the Picture: Public M)
Engagement Experiences as Tools Sines
Towards an Emerging Framework

Anna Pellizzone and Agnes Allansdottir

Abstract This chapter is a bridge between the two first sections of the book and it
introduces the readers to the core of this volume, that is the collection of eleven case
studies on public engagement with geothermal energy around the globe (i.e.
Australia, Canada, Greece, France, Japan, Iceland, Italy, New Zealand, Philippines,
Switzerland and Turkey). These studies are excellent examples of activities and
research carried out across the world but the collection is not to be considered
exhaustive. Evidently there are other participatory experiences in the field of
geothermal energy that have been conducted and an overview of references is
included in the chapter. The studies on the societal aspects of geothermal energy
have significantly increased in the last years, however the development of a com-
prehensive framework is becoming urgent. We consider this collection of case
studies as a first step towards the construction of a novel and comprehensive
framework on public engagement with geothermal energy in both local and inter-
national contexts.

Keywords Comparative case studies - Public engagement - Participation

When Gustav Klimt in 1887 was asked by the Wien Municipality to represent the
Burgtheater, a very important theatre at the heart of the Austria, the artist decided to
draw its attention to the public. Instead of portraying the stage, or the prestigious
structure of the building, he opted to represent the people and “The Old
Burgtheater” (1888-1889) became one of the most famous paintings of his career.
The story might look off-topic, but it helps us introduce the next part of the book,
which is composed by a collection of case studies on citizen engagement with
geothermal energy in different countries from all around the globe. The section
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describes the geothermal landscape and the legal framework with particular
attention being devoted to the involvement of the public and civil society.

The case studies gathered in the next unit regard different regions of the globe:
Oceania (Australia and New Zealand), East and South East Asia (Japan and
Philippines), Europe (Greece, France, Iceland, Italy and Switzerland), Middle East
(Turkey) and North America (Canada). Of course many other experiences could
have been included in the book, as the studies focusing on geothermal energy and
society are rapidly growing worldwide. Stakeholders’ engagement exercises and
research projects including societal issues are flourishing in many other countries:
in Germany (Meller et al. 2017), in Mexico (Martinez-Gomez et al. 2017), in
Colombia, Peru and Ecuador (Prieto et al. 2016), in Chile (Vargas Payera 2018),
in Kenya (Mwanghi-Gachau 2011), in Papua Nuova Guinea (Chrisp 2015), in
Vanuatu (Daysh et al. 2015), just to mention a few, however it is important to note
that social studies and humanities are still rather marginalized in energy research.
Although social studies are considered a pillar for energy research and innovation
by an increasing number of scholars, all too often the energy debate is limited to the
domains of technology development and economics (Sovacool et al. 2016) and
citizens’ role in the discussion needs to be further discussed and consolidated.
Issues such as social justice, ethical concerns and democratic participation are rarely
included in the energy policy and technology discussion and a systematic public
consultation in the field of renewables development is still work in progress even if
some innovative initiatives are emerging (Chilvers et al. 2017).

On the one hand, the goal of our collection of case studies from a very broad
geographical area is to provide the reader with current research in the field of
geothermal energy and society in diverse countries. The assessment of public
expectations and concerns is even more interesting from a comparative perspective,
since past experiences, key values and questions concerning energy development—
such as accessibility, affordability, transparency, sustainability, inter-generational
and intra-generational equity, social justice—can be play out differently across
locations and cultures. Furthermore, comparative information on local regulatory
frameworks or local engagement exercises provide us with very useful examples for
the development of effective tools for improving socially sustainable innovation
process of geothermal energy technology. In this respect, we hope that the fol-
lowing compendium can be a source of inspiration for researchers and students
from difference disciplines as well as for policy makers working in the energy and
innovation field. We consider the field of geothermal energy a very interesting case
study for the investigation of current policies and approaches to public engagement
on account of the dual nature of geothermal resources. On one extreme of the
continuum we have a centralized production of electricity, where citizens mainly
have the role of consumers—also known as hard energy path—that in the case of
geothermal at times raises societal controversies regarding land management and
risks, e.g. water contamination, induced seismicity and air pollution. On the other
extreme, we have a distributed system of geothermal heat pump—a soft energy path
—where citizens play the emerging role of prosumers, i.e. agents that both produce
and consume, opening up new opportunities, but also bringing unknowns roles and
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ethical issues that still need to be understood. Between these two ideal paths, there
is a large span of technologies for heating and cooling applications that are opening
to a series of new potential social scenarios. As Adele Manzella described in the
first chapter of this book, different applications require extremely different tech-
nologies, and different technologies—as you will see in the next section—provoke
very different public reactions and require completely different approach to gov-
ernance as outline in the chapter on regulation by Philippe Dumas in Chapter
“Policy and Regulatory Aspects of Geothermal Energy: A European Perspective”.
Further, the two different fields of application bring with them diverse business
models as outlined in the Chapter “Business Strategies in Geothermal Energy
Market: A Citizens-Based Perspective” by Michele Contini and his colleagues.
Future challenges in the field of geothermal energy will increasingly depend upon
social sustainability, meaning that development need to be aligned with the views,
values and needs of society and local communities and various forms of stakeholder
and societal engagement exercises and practices discussed in Chapter “Geothermal
Energy and Public Engagement” on citizens’ engagement by Agnes Allansdottir
and colleagues. In short, the following chapters make up a series of national case
studies on geothermal developments and society that necessarily stimulates a
reflection on a broad range of issues related to innovation processes. The energy
resource is the same, as it comes from the natural heat of the Earth, but the
implications for the society are complex and diverse.

On the other hand, our tentative purpose is to go one step further than collecting
different experiences. Drawing upon the following case studies, we aim to identi-
fying a series of emerging issues, and to contribute to the development of a com-
prehensive approach to the study of geothermal energy and society with a focus on
public engagement. Major evidence emerging from the following chapters is the
fragmentation of energy and society research considering both the conceptual and
the methodological frameworks. Socio-Technical Systems, Social Innovation,
Technology Assessment, Responsible Research and Innovation, Corporate Social
Responsibility are just few examples of difference conceptual approach that are
currently applied to geothermal energy and society studies. The same goes for the
wide extent of different methods of public engagement applied within this energy
sector. Focus groups, media analyses, surveys, workshops, just to mention a few,
are used in the following case studies.

In order to contribute to the development of a comprehensive approach to
research and innovation in the field of geothermal energy and society and in order
to build a common ground for developing a set of best practices towards the energy
transition, we propose to start our reflection from the following case studies, all of
them quite recent, and give voice to citizen expectations, needs and concerns by
adopting different approaches. If Klimt was a geothermal expert of our time, he
might have been very interested in the next chapters.
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An Application of Social Science M)
to Inform the Stakeholder Engagement ety
of an Emerging Geothermal Industry

in Australia

Simone Carr-Cornish, Lygia Romanach
and Cameron Huddlestone-Holmes

Abstract At the peak of geothermal energy development in Australia, government
policy suggested geothermal energy would be a greater part of Australia’s energy
supply. As the geothermal industry emerged, social scientists at Australia’s national
science agency conducted a series of studies to explore perceptions of this industry.
This chapter outlines the history and potential of the geothermal resource in
Australia, the rationale and main findings of three social science studies conducted
and their implications for building the industry’s capacity for stakeholder engage-
ment. Specifically, the three studies identified: (1) the industry’s perspective of its
social licence; (2) the representation of the technology in the news media; and
(3) community perceptions. While the Australian geothermal industry has stalled
due to economic and technical challenges, the social science studies presented in
this chapter offer relevant insights for other emerging geothermal or energy
industries, globally.

Keywords Australia - Social science - Stakeholder engagement
Emerging industry - Stakeholder perception

1 The Geothermal Resource in Australia and Its Potential
to Meet Energy Demand

The Australian continent is entirely within the Indo-Australian tectonic plate and as
a result, does not have the convective heat flow regimes that typify the majority of
geothermal provinces worldwide (Beardsmore et al. 2015). Rather, geothermal
resources in Australia are generally considered to be conductive heat flow.
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Three types of these resources have been targeted: (1) shallow, heat resources,
typically, aquifers from 500 to 1500 m deep with high permeability at low to
moderate temperatures; (2) deep, natural reservoirs of depths greater than 1500 m
in highly permeable sedimentary or fractured aquifers; and (3) enhanced geothermal
systems (EGS) which require stimulation to increase permeability (Huddlestone-
Holmes 2014).

The actual size of the Australian geothermal resource is uncertain, as there is a
lack of data about temperature and permeability at depth. Geoscience Australia
estimates that the amount of heat in rocks less than 5 km deep but over 150 °C in
temperature exceeds 1.9 x 10'° PJ (Budd et al. 2008). Total energy consumption in
Australia in 2015-16 was 6066 PJ (Department of the Environment and Energy
2017). Coal and gas resources are Australia’s primary sources of electricity gen-
eration, coal supplied 63% of electricity demand and gas supplied 20%. Coal and
gas are also export commodities, exported at approximately 10 times that of
domestic consumption. Renewables only supplied approximately 15% of electricity
generation, comprising of hydro, wind, solar photovoltaic and bioenergy.
Electricity supply (29%) and transport (27%) sectors, respectively accounted for
just over a quarter of the energy consumption in Australia, followed by manufac-
turing (18%), mining (10%), the residential (8%) and commercial (6%) sectors.
Despite the estimated geothermal resource well exceeding Australia’s domestic
energy demand, attempts to develop the resource beyond small scale initiatives
have been unsuccessful, partly because of challenges to the economic feasibility
and the available technical capacity (Grafton et al. 2014).

1.1 The Emergence of a Geothermal Energy Industry
in Australia

Prior to the mid-90s, commercial geothermal energy systems in Australia were
primarily heat-use applications that accessed warm water from sedimentary aquifers
(Cull 1985). For over 100 years, the Great Artesian Basin that extends from
Queensland to north-west New South Wales and northern South Australia, has been
utilised for both household and agricultural consumption. In doing so, thousands of
bores have accessed the basin, many beyond 1000 m deep with water temperatures
up to 110 °C (Cull 1985). Other examples of heat-use applications include a district
heating system in Portland, Victoria, which operated from 1983 to 2006
(Beardsmore and Hill 2010; Chopra 2005) and a system in Traralgon, Victoria, that
supplied 68 °C process water for paper manufacturing (Burns et al. 2000).

The hot water of the Great Artesian Basin has also been used for therapeutic
baths and provided heat for Australia’s first two geothermal power plants. The
Birdsville geothermal power plant in south-west Queensland is Australia’s only
operating geothermal power plant (Burns et al. 2000). The plant started operations
in 1965 using hot water from the town bore. While operations were discontinued
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several times, the power plant has been recommissioned into operation in December
2005 and has a current output of 80 kW, supplying around 30% of the town energy.
In 2017, the Queensland Government announced $7.4 million for capital works on
the plant. These works are expected to double the capacity to between 150 kW and
200 kW, which will generate approximately 70% of the remote town’s electricity
needs (Queensland Government 2017). The other Australian operating plant, the
Mulka geothermal power plant, was developed in 1986 in northern South Australia,
but operated as a trial plant for only three years with a rating of 20 kWe (Popovsky
2013).

In the mid 1990s, interest in geothermal energy increased, following a study of
the potential of Australia’s geothermal resource to make large scale contributions to
the supply of electricity (Somerville et al. 1994). In 1998 and 2000, respectively,
the New South Wales and South Australian Governments enacted legislation to
allow for the exploration of the geothermal energy resources (Burns et al. 2000). In
2003, Geodynamics Limited drilled Australia’s first well and EGS system,
Habanero 1, with a well depth of 4421 m. Following, private sector interest in
geothermal energy increased in Australia. By 2004, there were 24 geothermal
exploration leases in South Australia and two in New South Wales (Chopra 2005).
At the peak in 2010, there were 414 exploration licences or applications, spanning
approximately 472,000 km? across all Australian states and the Northern Territory
(Goldstein and Bendall 2013).

During the 2000s, the industry focused on developing resources for electricity
generation. At the peak, government policy suggested renewable energy would
have an increased role in Australia’s energy mix, with geothermal contributing up
to 8% by 2050 (Bureau of Resources and Energy Economics 2013). This would
have exposed Australians to more geothermal energy technology, including EGS,
which utilises hydraulic fracturing, a technology that has attracted opposition when
used in Australia’s coal seam gas industry (Cham and Stone 2013).

During this peak in interest, the geothermal industry primarily targeted reservoir
temperatures over 150 °C. There were four projects that drilled to reservoir depths
in Australia: Geodynamics Limited’s Innamincka Deeps Project; Petratherm’s
Paralana Project; Origin Energy Limited’s Innamincka Shallows Project; and Panax
Limited’s Penola Project (Huddlestone-Holmes 2014). The first two projects tar-
geted EGS resources, the others targeted deep natural reservoirs. The only project to
progress beyond a single well was the Innamincka Deeps Project with six wells.

At the Innamincka Deeps Project, Geodynamics Limited ran a 1| MWe pilot plant
from April to October 2013. The system ran in standalone mode from June 2013,
with availability exceeding 75%. The maximum well head temperature achieved
was 215 °C with a flow rate of 19 kg/s (Mills and Humphreys 2013). The flow rate
was limited by the capacity of the injection well. However, the plant was able to
generate approximately 650 kWe gross which supplied all auxiliary loads
(Beardsmore et al. 2015). Despite this significant achievement, after more than a
decade of activity at Innamincka, all of the six wells have now been abandoned and
the project closed as it could not demonstrate financial viability.
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1.2 The Current State of Geothermal Energy Development
in Australia

Interest in utilising geothermal resources for large scale electricity generation has
stalled. This halt in interest and activity, particularly from the perspective of
investors and government is due to the economic and technical challenges evi-
denced by projects (Grafton et al. 2014). The activities that continue, primarily
involve using the heat of geothermal resources for tourism and swimming pool
heating, including many examples of the hot artesian waters in the Great Artesian
Basin being used for therapeutic baths. There are also two fish farms that use warm
groundwater for aquaculture in Victoria and South Australia, and a meat processing
plant in Victoria using warm groundwater for sterilization and hand washing pur-
poses (Beardsmore et al. 2015). There are more than 10 geothermal commercial
heat-use projects in Perth, utilising the Yarragadee Aquifer to heat swimming pools
(Pujol et al. 2015). The application of ground source heat-pumps for heating and
cooling of buildings has also grown, from what was a very small base (Beardsmore
et al. 2015). There are also plans for small scale electricity generation from
geothermal systems to service small communities in rural Queensland (Department
of State Development 2017).

2 The Drivers to Use Social Science Studies to Inform
Industry’s Stakeholder Engagement Practices

Prior to the peak of interest in large scale geothermal energy, Australia’s national
science agency, the Commonwealth Scientific and Industrial Research Organisation
(CSIRO) had undertaken studies to assess the likely acceptance of a range of energy
technologies in Australia, including geothermal technology (e.g. Ashworth and
Gardner 2006; Ashworth et al. 2006; Hobman et al. 2012). Through this research, it
was established that, in general, Australians’ supported renewable energy tech-
nologies. However, it was also known through other research that the acceptance of
specific technologies and projects was informed by a range of factors
(Devine-Wright 2005; Wustenhagen et al. 2007). Similarly, workshops with the
public at Australian capital cities during 2008 to 2009 identified that although there
was support for geothermal energy technology, partly due to geothermal being
considered a renewable energy resource, knowledge of the technology was low and
there were concerns about water usage and seismic activity (Dowd et al. 2011). In
2011, a representative sample of 1907 Australians completed an online survey,
which again showed low levels of knowledge of geothermal technology in
Australia (Hobman et al. 2012). Also, similar to earlier observations, despite limited
knowledge being reported, over half of participants (57%) agreed with the use of
geothermal technology in Australia. At this time, there were indications that large
scale geothermal projects would mature in Australia and in doing so, have more
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presence within communities. Therefore, the CSIRO sought to contribute to the
emerging industry’s capacity for stakeholder engagement by understanding stake-
holders’ perspectives through a series of social science studies.

2.1 The Studies

In total, three studies were conducted with the aim of representing multiple
stakeholder perspectives. These published studies were: (1) the industry’s per-
spectives of its social licence (Hall et al. 2015), (2) perspectives reflected in and
generated through media (Romanach et al. 2015), and (3) perspectives from the
public of the likely acceptance of the technology (Carr-Cornish and Romanach
2014). The research designs for each are summarised in Table 1.

2.1.1 The Industry’s Perspectives of Its Social Licence

With its origin in the mining industry, a social licence to operate has been defined as
the level of ongoing approval or societal acceptance of a resource development
(Joyce and Thomson 2000). The key engagement processes underpinning the social
licence of a resource development identified by research within the mining context
include fair treatment, quality engagement and the mitigation of impacts (Moffat
and Zhang 2014). To identify the then emerging Australian geothermal industry’s
perspective of its acceptability and engagement processes, this study assessed how
the concept of a social licence was being translated by the industry (Hall et al.
2015). The focus was on identifying how industry stakeholders assigned meaning
to the social licence to operate concept, how it was applied in engagement practices
and how this approach compared with other energy industries (Hall et al. 2015).
The geothermal industry’s perspectives of its social licence were collected through
semi-structured telephone interviews with industry and company representatives.
Participants were asked of the meaning of the term, what it involved in practice, its
relationship with other concepts and likely future. The themes were coded using
descriptive analysis informed by grounded theory, which guided the generation of
insights from the data (Corbin and Strauss 2008). This chapter presents the findings
that were relevant to the geothermal energy industry, from a comparison of
industries published in Hall et al. (2015).

2.1.2 Perspectives Reflected in and Generated Through Media

It has been established that media has a role in the public’s process of making sense
of science and technology (Scheufele and Lewenstein 2005). This role can be one
of transferring knowledge and influencing the public’s perspective, though also,
reflecting the opinions held by a range of stakeholders, including the wider public.
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Therefore, a media analysis was undertaken to identify the perspectives reflected in
and generated by media reporting of the emerging geothermal industry (Romanach
et al. 2015). Given the industry was in its infancy, the analysis focused on how risks
and benefits were reported, which are common subjects in media coverage of
emerging technologies and industries (Druckman and Bolsen 2011; Lee et al.
2005). The analysis also considered the social actors cited, to identify whose per-
spectives were being represented (Bocking 2012). The media analysis assessed how
geothermal energy technology was presented in the Australian media, from July 1st,
2011 until June 30th, 2012, which included the peak of published articles on
geothermal due to the announcement of the Australian Government’'s Clean Energy
Plan on July 10, 2011 (Commonwealth of Australia 2011). The news items were
primarily newspaper articles, though, radio or TV programs represented 3% of
transcripts. The coding focused on the technology’s benefits and/or risks and social
actors cited, identifying whether geothermal was the primary focus of the news
article, the secondary focus or mentioned as part of the Clean Energy Plan. The
results include descriptive statistics and cross-tabulations with Pearson Chi-Squared
tests. This chapter reports on the leading findings published in Romanach et al.
(2015).

2.1.3 Perspectives from the Public of the Likely Acceptance
of the Technology

While energy technologies may present benefits, their acceptance by the public
cannot be assumed, as opposition has manifested across the range of energy
technologies (Batel et al. 2013; Huijts et al. 2012). For example, opposition has
been reported in response to technologies more known for controversy, such as
nuclear power plants (Pickett 2002) and also technologies perceived to be more
environmentally friendly, such as wind farms (Hall et al. 2013) and geothermal
energy projects (Popovski 2013). Therefore, to identify the public’s likely levels of
acceptance of the technology, several variables were considered that are known to
characterise public perceptions of energy technologies (Carr-Cornish and
Romanach 2014). These variables included people’s knowledge of the technology
(Huijts et al. 2012), perceptions of the benefits and risks of the technology
(McComas et al. 2008), the location of projects applying the technology
(Devine-Wright 2005) and socio-economic characteristics (Polyzou and Stamataki
2010).

Online focus groups were used to identify perspectives from the public of the
likely acceptance of the technology, before and after consideration of internet based
media reports on the technology. Online focus groups were conducted using an
online qualitative research (OQR) platform where participants could be invited to
complete a range of activities, including watching videos, reading news articles,
responding to survey questions and/or joining an online discussion at a determined
day and time. The online environment aided easy access to a sample that was
representative of the age and sex distribution within the Australian population, and
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the distribution of Australians across its states and territories. Due to the range of
activities OQR allowed, a mixed method approach with the collection of both
qualitative and quantitative data was taken.

This mixed method involved the collection of open text from participants
through typed dialogue, as well as responses to questionnaires completed by par-
ticipants at the start and end of the focus groups. Two-tailed paired sample t-tests
were used to compare quantitative questionnaire responses at the start and end of
the focus groups. The analysis explored whether participants that disagreed, were
unsure or agreed with geothermal technology being used in Australia, rated the
technology benefits and risks differently. Analysis of variance tests were used when
such comparisons involved continuous variables and cross-tabulations while
Pearson’s chi-squared tests were used when analysis involved categorical variables.
This chapter reports on the leading findings published in Carr-Cornish and
Romanach (2014).

3 Results

The three studies combined, informed us as to the industry’s perspective of its
social licence, the reporting of and profile of the technology in the media, and the
extent to which communities would be willing to accept nearby application of the
technology. The leading results from each study are presented in the following
sections.

3.1 The Industry’s Perspective of Its Social Licence:
An Implicit Practice Positioned to Evolve

The insights presented here are drawn from research which informed a
cross-industry examination of the meaning and application of the social licence to
operate (Hall et al. 2015). Interviews with representatives from the geothermal
industry revealed that although the term social licence was not common within the
industry, it was common to consider stakeholders’ perceptions. The infancy of the
industry was often the rationale for limited use of the term, as was the perceived
ambiguity of the definition of the term. For example, ‘Well, I'm not sure. I was
going to ask you that question, how you define it’ (Interviewee 1).

Interviewees suggested the term reflected a broad range of stakeholder
engagement themes, such as people and the environment, industry impacts, com-
munity and other social groups, and the political climate. Sustainability and cor-
porate social responsibility were cited as more commonly used terms and were
considered interrelated with the social licence concept. For example: ‘It’s an
overarching term that takes on the corporate social responsibility, which takes on
your sustainable business practices’ (Interviewee 3).
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The industry representatives also reflected that to date their social licence had not
been challenged. The industry’s perception that amongst the public there were
mainly positive perceptions of the industry was in part attributed to the environ-
mental benefits of the technology (i.e. renewable, low emissions energy technology)
and operations being located away from populated areas. For example, ‘we are
lucky in a sense that there’s been no negative connotations...we are perceived as
clean renewables and also being very rural’ (Interviewee 3). It was also acknowl-
edged that there was no standard for evaluating their social licence.

Rather, the activities related to a social licence were described as implicit in
everyday practices: ‘those responsibilities or those concerns are just a part of
everyday thinking about what you’re doing and how you’re doing it’ (Interviewee
2) and ‘...you’ve got to make sure that as you go you take people with you and they
understand why some of the impacts that we might have on a given area might only
be temporary and we understand what the long-term impacts are...’ (Interviewee 5).
The themes that characterised these everyday practices were communication pro-
cesses, engaging community and gaining a form of consent.

When asked of the future of the term, industry representatives were critical.
However, the relevance of the meaning of the term and related practices into the
future were emphasised: ‘definitely something that needs to keep going ... for the
industry and our company to continue we definitely need buy-in from the com-
munity, engagement and support from the government’ (Interviewee 3). Also
emphasised was that the meaning and practice was ‘bound to evolve’ (Interviewee
2), which included becoming more formalised, °...objective-based framework
rather than a belief-based framework...[to] test are we meeting the objectives with
our current methods and technologies to deliver the outcome that communities
accept’ (Interviewee 4). When compared to other energy industries in Australia,
these interviews reflected the stakeholder engagement practices of an industry in its
infancy and although these practices were largely implicit, they were described as
part of everyday practice and positioned to evolve with the industry (Hall et al.
2015).

3.2 Perspectives Reflected in and Generated Through
Media: A Limited Profile Focused on Economic
Feasibility

Media reporting influences public sentiment but is also shaped by it (Nisbet et al.
2003; Scheufele and Lewenstein 2005). To explore how public sentiment of
geothermal energy was portrayed in the Australian media, an analysis of Australian
news items on geothermal energy technology was conducted (Romanach et al.
2015). News items were analysed from a period of major change in Australia’s
energy policy and a peak in interest in developing geothermal resources for large
scale energy use. The analysis afforded insight into the most cited social actors, and
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the perceived benefits and risks of the technology reported at that time. Consistent
with the infancy of the industry, social actors mostly cited were industry, gov-
ernment and scientists. Also, given limited application of the technology in
Australia, the benefits and risks reported were mainly of an economic and scientific
nature (Lee et al. 2005). The percentage of articles that reported on the benefits and
risks are in Fig. 1.

Economic feasibility and uncertainty about the technology were the most fre-
quently reported risks. Industry was more likely to be cited in articles reporting on
the economic feasibility and uncertainty about the technology. For example:

The answer - if it exists - is partly a function of carbon price mathematics, and partly a leap
of faith about the ability of a handful of listed companies led by Geodynamics in part-
nership with Origin Energy to prove up new, deep drilling technology and tap beds of hot
rock that begin about 3 km below the surface. (The Age, September 3, 2011, p. 2)

As shown in Fig. 1, there was limited mention of other potential risks such as
electricity costs, seismicity, water and noise pollution. The most frequently cited
benefits were that the technology enabled renewable and low-emission energy.
These benefits were frequently reported in articles, which were dominated by the
release of the Australian Government Clean Energy Plan. For example:

Redirecting our efforts in Australia to providing solar, wind and geothermal energy would
clean our atmosphere, reduce greenhouse emissions and create thousands of jobs around the
country. (The Hills Shire Times, March 27, 2012, p. 15)

Different applications of geothermal technology were reported on: electricity
generation, heat-use in non-residential applications and heat-use in residential
applications. Presented in Fig. 2 is the trend that, depending on the application,

Renewable energy M 27%
Low emission mEmmmmE 26%

Secure energy supply S 17%

2
g Create jobs mmm———— 5%
« Electricity costs mmmmmmm 3%

Technical advantagesmmmm 2%

Improved health = 1%
Economic feasibility s 25%
% Technology uncertainty I 2%
T Electricity costs mmmmmm 3%
Seismicity . 2%
0% 5% 10% 15% 20% 25% 30%
Percentage (%) of Articles With Focus
Fig. 1 Percentage (%) of articles with a focus on benefits and risks
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Application of the technology

Fig. 2 The percentage (%) distribution of articles by focus and application of the technology

geothermal technology was featured differently in the article; either as the primary
focus of the article, the secondary focus or as part of reporting on the Australian
Government's Clean Energy Plan. Geothermal technology was more likely to be the
primary focus in articles that reported on electricity generation and non-residential
heat-use applications. Whereas, geothermal technology was likely to be a secondary
focus in articles that reported on residential heat-use applications.

3.3 Perspectives from the Public: Acceptance
but with Concern for the Risks and Proximity of Projects

Online focus groups were conducted to directly assess the level of acceptance of the
Australian general public towards geothermal projects and their perspective about
the proximity of projects to communities (Carr-Cornish and Romanach 2014). The
insights that follow were gained from 101 participants, with demographic charac-
teristics similar to the Australian population. Acceptance of geothermal energy
technology was explored along with other characteristics that could influence
acceptance, including the impact of internet based media reports (e.g. Huijts et al.
2012).



82 S. Carr-Cornish et al.

Prior to the focus group discussions, participants were asked in an initial survey,
their level of agreement towards the use of geothermal energy technology in
Australia. Because of previously observed limited awareness of the technology,
participants were then asked to consider two media articles about the technology.
Combined, the articles presented both the benefits and risks of the technology, with
one article more focused on the technology’s benefits and the other on the tech-
nology’s risks. After exposure to media reporting, participants were asked to
complete another survey.

Figure 3 shows the percentage of participants that agreed with the use of the
technology at the start and end of the focus groups, including the percentage of
those who agreed, were unsure and disagreed. After information was provided, the
responses were more varied with less participants unsure and more participants
agreeing with the use of the technology, although these differences were not sta-
tistically significant.

The focus group setting also afforded the opportunity to gain insight into the
narratives that characterised different levels of acceptance. For example strong
agreement was reflected in comments such as:

I’'m pleased that Australia is making some effort to explore and develop its geothermal
resources, but I’d like to see more action given our enormous potential for energy derived
through geothermal technology. I sense we are somewhat lagging other parts of the world
in this respect, which is disappointing. (Participant 80)

Whereas, the following demonstrate some of the conditions of agreement:

I think that Australia can play a significant role in the development of geothermal energy
and should continue to do so if it can be proven to be ‘safe’. To me, I am very happy to see
geothermal projects in Australia, but importantly for me, we must not implement fracking
or anything similar. (Participant 19)

100%
u Agree

o 90%
= Unsure
®©
& 80% Disagree
5 70% 58%
o
S 60%
o
% 50%
()]
8 40%
c
[0
S 30%
[0]
& 20% 42%

19%

10%

0% 7%

Start End

Fig. 3 Percentage (%) of participants agreeing with the use of geothermal energy technology in
Australia at the start and end of the online focus groups
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It should be slowly funded as it is until we know we are not throwing money down a hole.
(Participant 10)

There were also some participants that indicated they did not have enough
information to express agreement or disagreement:

I struggle with this right now, simply because we have incomplete information. If this were
to be implemented here in Australia, I would want to know that there was going to be no
disastrous or potentially disastrous results. In theory it’s a great idea, and one that appears
to be a long term supply, but none of that will matter if we end up with earthquakes and
poisoned water! (Participant 6)

Similarly, participants that expressed disagreement, emphasised the need for
more research and consideration of alternatives:

I think a lot more testing, scientific discussion and research is required before Australia can
step into this kind of technology. I feel there are several easier, sustainable and less
dangerous alternatives to geothermal energy systems available to us at the moment. Let’s
utilise these options first. (Participant 29)

Participants that agreed with the use of the technology had characteristics that
distinguished them from those that were unsure or disagreed. Females were less
supportive than males. More specifically, females were more likely to be unsure or
disagree with the technology and males were more likely to agree, both at the start
and at the end of the focus group. Self-rated knowledge of the technology was
higher for participants that agreed with the use of the technology, compared to those
that were either unsure or disagreed. Finally, participants that agreed with the use of
the technology rated benefits of the technology higher and the risks lower. The
mean of responses to these benefits and risks are shown in Fig. 4.

Belief about the opportunity to participate in decision making about geothermal
projects and preference for the location of geothermal projects also varied
depending on whether participants agreed or otherwise with use of the technology.
Participants could rate from 1-not at all to 5-very much, the extent to which they
believed people in their community would have the opportunity to participate in
decisions about geothermal energy projects. Participants that agreed with the use of
the technology in Australia (mean 3.2) reported significantly more agreement with
the opportunity to participate in decisions, than participants that disagreed with the
use of the technology (mean 2.0) or that were unsure (mean 2.6).

Participants were also asked what distance they preferred geothermal projects to
be from built-up areas in their community. As shown in Fig. 5, greater distances
from built-up areas of the community where preferred; with 74% of participants at
the start and 72% at the end of the focus group preferring a distance of ‘at least
50 km’ or greater. There were no statistically significant differences between the
responses given by the participants at the start and end of the focus groups. Overall,
responses suggest that geothermal energy technology was likely to be accepted by
the majority of Australians, however, such acceptance would be subject to com-
munity perceptions of its potential risks and its distance from communities.
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4 Implications, Future Research and Conclusion

When new energy projects are considered, it is critical that the industry’s bodies,
first-mover companies and regulators carefully consider the potential benefits and
risks that such projects offer to communities near and far. The Australian
geothermal industry was still in the early stages of development when the three
social studies presented in this chapter were conducted. Therefore, it is not sur-
prising that these studies found that the industry’s stakeholder engagement practices
were largely implicit (Hall et al. 2015), that the industry had a limited media profile
(Romanach et al. 2015) and that the general population had low levels of awareness
yet a positive response to the technology (Carr-Cornish and Romanach 2014).
These findings also suggest, that if the industry had proceeded, it’s likely that more
formalised engagement would have been required, a more diverse profile may have
emerged in the media and a more diverse perception of the technology would have
emerged among the general population. Once the technology moved from its early
stages of development, it is likely that concerns about the risks of the technology
would have manifested, and the industry would have encountered more contro-
versial perspectives to navigate. It is likely that a more formalised approach to
community engagement would have aided in constructively acknowledging such
concerns, as demonstrated in more established industries (Hall et al. 2015). In sum,
challenges to the stakeholder engagement practices of the industry were likely,
though, consistent with an industry that would have been in the process of estab-
lishing a presence with a wider range of stakeholders.

4.1 Implications

4.1.1 Implicit to Formalised Stakeholder Engagement

The perspectives shared by industry about their stakeholder engagement practices,
reflected a commitment to engagement. Though, given the limited scale of the
industry, the engagement practices were primarily described as an implicit part of
everyday operating. If the industry had continued to develop, it’s likely that more
formalised stakeholder engagement would be needed for new projects, especially if
close to communities. Such formalisation may have been concerned with the def-
inition of a social licence, the metrics for its monitoring and the characteristics of
stakeholder engagement that support a social licence (Hall et al. 2015). Such
considerations may have challenged the geothermal industry to have greater pres-
ence in the community, with increased interactions, as well as responding to con-
cerns. Developing the engagement practices of an industry and increasing its
capacity for managing complex relationships, is an important but challenging part
of establishing and maintaining a social licence within and across energy industries
(Hall et al. 2015).
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4.1.2 Increased Media Profile

The analysis of media reporting identified that the Australian geothermal energy
industry’s limited media profile was consistent with that of an emerging technology
(Romanach et al. 2015). Reporting of the technology had been mostly free of
controversy and attempts to politicise the technology, even though the focus of the
reporting was on economic and technical challenges—the challenges which ulti-
mately stalled the industry (Grafton et al. 2014). However, if the industry had
progressed, it is likely the increase in projects would have triggered a more complex
discourse about the technology with a wider range of stakeholders and perceptions
present in the media (Romanach et al. 2015). For example, an increase in projects
within close distance of communities, would most likely broaden the range of
stakeholders involved, to include a greater presence of local residents and busi-
nesses, potentially bringing concerns of other local issues. Such an increased
profile, could have also been a prompt for a more formalised stakeholder engage-
ment strategy.

4.1.3 Shift in Technology Perceptions

Consistent with earlier studies (e.g. Hobman et al. 2012), the online focus groups
found that attitudes towards the use of geothermal energy technology in Australia
were mostly positive (Carr-Cornish and Romanach 2014). However, it also showed
that there are concerns with potential risks, especially if developed close to com-
munities. Such concerns suggest that if the industry had progressed, it was likely
that the industry and its potential projects would need to engage in dialogue with
community, in conversations beyond the technology’s benefits, to include the
technology’s potential risks and uncertainty. As the online focus group results
showed, it is likely communities would prefer for the technology to be utilised away
from built-up areas (at least 50 km away). A preference for energy projects to be
located away from communities is not uncommon (Devine-Wright 2005).
However, such preferences would need to be closely investigated as they might
vary depending on the type and use of geothermal application. This is particularly
important, given that in Australia, heat-use applications need to be proximal to their
end-use.

Focus groups results also showed that participants who were less likely to agree
with the notion that they have the opportunity to participate in decisions about
projects, were more likely to disagree or be unsure of the use of the technology. As
demonstrated by social licence research within the mining industry, it is critical that
dialogue with communities be inclusive and constructive (Moffat et al. 2015). In
addition, it is the onus of resource companies for developing and maintaining such
dialogue and establishing a formalised approach to community engagement (Hall
et al. 2015; Moffat et al. 2015).
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4.2 Future Studies

Given large scale development within the geothermal industry has stalled in
Australia, social studies pertaining to the Australian industry have also ceased.
While the studies presented in this chapter offer a baseline of the industry’s
acceptance within its early stages of development, such studies should be revisited,
should investment in the industry restart. The benefit of revisiting the studies, if the
Australian industry was to restart, would be an ongoing benchmarking of accep-
tance and an evidence-base for identifying the engagement approaches that would
support the industry having a social licence (Moffat et al. 2015). Ongoing bench-
marking in other countries could have similar benefits. The studies presented in this
chapter could also provide insights to emerging geothermal industries of other
countries or other industries in their infancy.

4.3 Conclusion

This chapter presented reflections on the role of three social science studies in
understanding Australia’s emerging geothermal industry’s engagement with
stakeholders. Specifically, these studies reflected on the industry’s perspective of
the meaning of a social licence, how technology is portrayed by the media reflects
its stage of development and the key factors that are likely to influence community
acceptance of potential future applications of geothermal energy. Although the
Australian geothermal energy industry is currently stalled, these studies demon-
strate the range of social science research that can assist with determining an
industry engagement profile, as well as the key factors for developing an effective
stakeholder engagement strategy when implementing geothermal projects in
Australia. These studies also offer insights to other emerging geothermal or energy
industries worldwide.
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Abstract Deep geothermal energy is unknown to a large proportion of Canadians
and even less well known in the province of Québec. Public outreach and accep-
tance associated with this “new” energy is a key factor for its development. In the
fall of 2013, an Internet-based public awareness and opinion survey of Québec
province residents was conducted to investigate their opinion about energy with a
focus on their knowledge and opinion about deep geothermal energy. Québec’s
population recognized the challenge of developing renewable energies. However,
geothermal energy was more or less known. Only 17% knew the difference between
shallow and deep geothermal energy. After reading a text describing deep
geothermal energy exploitation, 67% of the respondents supported its use to pro-
duce electricity in the province, and 64% would be in favour of a pilot project in
their region. When hydraulic fracturing was introduced as a technique sometimes
used in deep geothermal energy, the level of support decrease to 56% for the use of
deep geothermal energy to produce electricity in the province and to 52% for a pilot
project in their region. The main concerns of Québec’s population on deep
geothermal energy are related to groundwater pollution and soil contamination.
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1 Introduction

Canada is the second largest country in the world with a population of around 35 M
people in 2016. It comprises ten provinces in the south and three territories in the
north. Most of the population live in the southern parts of the ten provinces. Québec
is the largest province, located in eastern Canada, with a total area of
1,667,712 km? and a population of 8,326,089 people (ISQ 2017). In 2016, the
gross domestic product (GDP) of Canada was 2036 G$, whereas Québec GDP was
395 G$ (Statistics Canada 2017). The total domestic energy production in Canada
in 2014 was 17,402 PJ (National Energy Board 2017). Petroleum and natural gas
are by far the two most important energy sources with 9283 and 5807 PJ,
respectively (National Energy Board 2017). Hydroelectricity is the third energy
source (1350 PJ) followed by nuclear energy (363 PJ), whereas wind, tidal and
solar electricity, altogether, produced 22 PJ, and 566 PJ are produced by a mix other
energy sources, such as geothermal energy.

Geothermal energy is mostly used for two applications in Canada: heating and
cooling buildings with ground source heat pumps and hot spring fed bathing pools
(Raymond et al. 2015). There is no production of electricity by geothermal energy
in Canada, but a demonstration project at Meager Mountain in British Columbia
successfully produced electricity for two years in the 1980s (Grasby et al. 2012).
Geothermal heat pumps are spread through urban centres, with highest concen-
tration in the Québec City-Windsor corridor enclosing Toronto and Montréal, while
commercial hot spring bathing facilities are found in or near the Western Cordillera.
Private companies are carrying exploration projects with the hope of developing
geothermal power from deep resources in Western Canada. There are also different
research initiatives across the country to evaluate deep geothermal resources
potential, including enhance geothermal systems outside high heat flow regions.

1.1 General Context in the Province of Québec

As for the rest of Canada, there is no utilization of deep geothermal energy in
Québec province for power or even for direct use of heat. However, shallow
geothermal energy using ground source heat pump systems is well developed in the
province, particularly between Québec City and Montréal (Raymond et al. 2015;
Fig. 1). Geothermal heat pump systems are used for both residential and com-
mercial sectors for heating and cooling. The total energy produced by these systems
does not represent a large part of the total energy production in Québec which is
dominated by petroleum, electricity and natural gas (ISQ 2017). The electricity
itself is mainly produced by hydroelectricity (97%, ISQ 2017) and is entirely
supplied by Hydro-Québec, a crown corporation. The small amount of electricity
produced by wind (2%, ISQ 2017) is supplied by private companies and bought by
Hydro-Québec to be distributed on its grid.
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Fig. 1 Sedimentary basins in southern Québec. JB: James Bay. P.E.L: Prince Edward Island.
Modified from Malo et al. (2015)

The use of deep geothermal energy for electricity generation purpose could be
useful in the province of Québec for remote regions that are not connected to the
main grid. Electricity supplies distributed through Québec main grid are almost
exclusively generated by hydroelectric sources (ISQ 2017), whereas autonomous
grids, mainly located in the far north of the province and on islands, rely on power
plants that burn fossil fuels and, consequently, emit greenhouse gases (GHG) into
the atmosphere. Deep geothermal energy could also be used to produce heat for
space heating, as the residential, commercial and institutional sector accounts for
about 10% of GHG emitted in Québec. Hydro-Québec, through its research institute
IREQ, developed a collaborative project with universities in Québec to assess the
deep geothermal energy potential for electricity generation (Richard et al. 2017).
The project was oriented on sedimentary basins located in the south of the province
(Fig. 1). These basins are of particular interest as past oil and gas exploration
provided useful data for geothermal potential evaluation. Previous studies on the
basins showed thermal anomalies that could lead to temperature sufficiently high to
produce electricity from 4 to 6 km deep geothermal resources (Bédard et al. 2017;
Majorowicz and Minea 2012, 2015).

As deep geothermal energy is currently not widely known, particularly in the
province of Québec, public outreach and acceptance associated with this energy
will be a key factor for its deployment. One of the many conditions for this energy
to be used is support from local populations, which could be gained by informing
the public in order for them to understand this “new” energy. A research component
on social acceptability was included on the collaborative project between IREQ and
INRS (Malo et al. 2015, 2016). A public awareness and opinion survey of Québec



94 M. Malo et al.

residents was conducted in the fall of 2013 to get information about public
awareness and acceptance of deep geothermal energy in the province.

1.2 Methodology

The main objectives of the survey were to understand: (1) the most important
energy-related issues in the province as perceived by the Québec residents, (2) their
opinion regarding the production of different energy sources in Québec, (3) their
level of knowledge concerning various energies, including deep geothermal energy,
(4) their opinion regarding the use of deep geothermal energy in the province as
well as the establishment of a pilot project in their region and (5) their concerns
about the use of this energy.

A bilingual (French/English) Internet-based survey was created by the INRS
team in coordination with survey experts from Leger, a major Canadian survey
institute (http://leger360.com/en-ca/home). The survey was inspired by other sur-
veys on geothermal or renewable energy conducted around the world (ex. Hobman
and Ashworth 2013; Tampakis et al. 2013). Some questions were open-ended, but
most of them were multiple-choice questions with an “I don’t know/I prefer not to
answer” option available. In this paper, only the open-ended questions are specified,
when needed. The survey was composed of 15 questions and a series of demo-
graphic questions necessary for statistical interpretations. Leger conducted the
survey, using its online survey panel, a representative sample of Québec’s popu-
lation (French and English-speaking adults, male and female, 18 years old and
more) with 1353 respondents (220 English-speaking adults and 1133
French-speaking adults) from November 25 to December 1st, 2013. A probability
sample of the same size would yield a margin of error of +2.7%, 19 times out of 20.
The average interview length was 11 min.

Since it was presumed that few people would have heard about deep geothermal
energy, parts of the survey were designed to inform the respondents (Carr-Cornish
and Romanach 2012). Thus, a text with a diagram provided to the respondents
explained deep geothermal energy and, most specifically, the difference between
shallow and deep geothermal energy (Fig. 2).

2 Social Acceptance of Energy Sources in the Province
of Québec

Even if Quebecers are proud and very supportive of hydroelectricity (Malo et al.
2017), its more recent development was not always straightforward (Malo et al.
2016). The public began to perceive environmental impacts associated to the
flooding of large areas for big dams located in the north after the development of a
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Geothermal energy consists of extracting the heat stored in the earth. There
are two main types of geothermal energy: shallow and deep geothermal
energy.

Electricity

generation %
i

Shallow Geothermal Energy

Shallow geothermal energy consists of using wells that are approximately
100 metres deep to recover low-temperature heat used, among other
things, to heat individual homes or businesses.

Deep Geothermal Energy

Deep geothermal energy refers to facilities that require much deeper wells,
between 1,000 and 5,000 metres under the earth's surface. Deep
geothermal energy allows for the recovery of high-temperature heat used,
among other things, to heat a network of buildings or to generate electricity.
An electric power plant using deep geothermal energy consists of:

Up to 5000m

1. Drilling, in general, between 2 and 4 wells up to depths than can
reach 5,000 metres;

2. Circulating water between the injection wells (cold water) and the
production wells (hot water);

3. Using the heat extracted to generate electricity.

Fig. 2 Text and diagram explaining the difference between shallow and deep geothermal energy.
Modified from Malo et al. (2015)

major project in the James Bay area in the 1970s (Fig. 1). Public debates occurred
when Hydro-Québec wanted to build new large dams to increase its electricity
production in the 1990s and, as a result, some projects were abandoned (Lasserre
2009). After consultation, small-scale hydraulic power plant projects in the south
were also abandoned in the 2000s because the social acceptability was not at the
rendezvous (Filiatrault 2007).

The wind energy development began with a population highly favourable to this
new energy source because it was renewable electricity with no emission of GHG.
However, very soon, local communities expressed environmental concerns about
noise and visual impacts (Jegen and Audet 2011). The development of oil and gas
in the province of Québec is another example of how public’s opinion can have an
impact on the development on energy sources. During the 1980s and 1990s, oil and
gas companies conducted exploration in the province free of any public concern. In
2010, exploration was focused on shale gas in southern Québec while there was a
worldwide debate on the use of hydraulic fracturing to extract gas from these shale
reservoirs. This lead to a strong public protest and debate and shale gas exploration
activities have almost been stopped since 2011 in the province (Malo et al. 2015).
Following this shale gas crisis, the Québec Ministry of energy and natural resources
(MERN 2014) developed a strategic plan for taking into account of the social
acceptability for the development of energetic and mineral resources. These
examples demonstrate that the public wants to be part of the decision-making
process and that public acceptance is important in order to obtain a licence to
operate in any new energy-related development.
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3 Results and Discussion

3.1 Results Concerning Questions on Energy

Respondents were asked what energy-related issues would be the most important in
Québec and what would be the second among a list of seven choices (Fig. 3a).
Three issues related to energy stood out from the others: (1) cost of energy in
general (electricity, gas, etc.) for 61% of the respondents, (2) renewable energy
development for 43% of them, and (3) environmental impacts related to energy
production and use for 40% of them (percentage given for the first and second
choices together; Fig. 3a).

The survey also sought to understand respondents’ opinion on Québec’s
objectives relating to renewable and fossil energies. 52% of the respondents chose
the answer stating: “In my opinion, when it comes to renewable energy (wind
power, biofuels, etc.), Québec’s objectives should be to locally produce the max-
imum amount of renewable energy to export as much of this energy as possible.” At
the same time, 47% of the respondents chose the answer stating: “In my opinion,
when it comes to fossil fuel (oil, gas, etc.), Québec’s objectives should be to locally
produce only the amount of fossil fuel necessary to meet the province’s needs.”
Thus, respondents were not against production of fossil energy but only to meet
local needs. Only 2% of the respondents believed that Québec’s objectives should
be to locally produce no renewable energy whatsoever compared to 22% who
believed Québec’s objectives should be to locally produce no fossil fuel
whatsoever.

For the next question, respondents were asked to choose the two more important
benefits in their opinion among a list of six benefits associated with renewable
energies. The reduction of GHG emissions was the first benefit chosen by the
respondents (53%, first and second choices together). The second most important
benefit arising from the use of renewable energies is job creation in the province for
40% of the respondents (percentage given for the first and second choices together).
The other chosen benefits are assurance of supply (39%), energy independence
(35%), revenue coming from know-how exportation, particularly for hydroelec-
tricity in Québec (17%), and reduction of energy loss due to local production and
consumption. Only 2% of respondents chose “I don’t know/I prefer not to answer”.

The respondents were then asked on a scale of 0-10, where O meant they had
never heard of a source of energy and 10 meant they knew it very well, to indicate
their level of knowledge of several renewable energy sources. It should be specified
that it was considered everyone knew hydroelectricity in Québec and its level of
knowledge was not evaluated. Wind and solar energies are the two best-known
renewable energy sources (scores of 7.6 and 7.5 on 10), followed by tidal energy
(5.2) and biofuels (5.1), which are better known than geothermal (4.7) whereas
hydrogen fuels is the less known source of energy (3.9). 56% admitted they had a
poor knowledge on geothermal energy (score between 0 and 5), whereas only 14%
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Fig. 3 a Most important energy-related issues. Respondents had to select two choices among a
list of seven. Each bar thus shows the percentage of respondents that have chosen these issues
(percentage given for the first and second choices together). b Level of acceptance of different
energy sources (self-declared level of agreement between 6 and 10)

said they know it very well (score of 9 and 10). These results underscored the fact
that geothermal energy was not very well known.

Subsequently, the respondents were asked on a scale of 0-10, where 0 meant
they strongly disagreed and 10 meant they strongly agreed, to indicate their level of
agreement with Québec producing several energy sources on its territory.
Hydroelectricity, oil, natural gas and nuclear energy, which were not listed in the
previous question, were included in this question. Globally (Fig. 3b), 67% of the
respondents were favourable to geothermal energy production in the province
(self-declared level of agreement between 6 and 10). Respondents were favourable
to solar (89%), hydroelectricity (89%) and wind (83%) energy production in the
province (self-declared level of agreement between 6 and 10). Concerning other
energy sources, for example, 48, 32 and 14% of the respondents were favourable to
oil production, natural gas production (including shale gas) and nuclear energy
production, respectively (self-declared level of agreement between 6 and 10).
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3.2 Results Concerning Questions on Deep Geothermal
Energy

The level of knowledge of respondents on geothermal energy was not very high
(4.7 on 10) and only 17% of them knew the difference between shallow and deep
geothermal energy. The majority of the respondents who said they knew the dif-
ference were able to roughly explain it (open-ended question). For example, 39% of
them said that the difference lies in the depth at which the energy is tapped in the
ground and 10% of them said that the difference lies in the fact that shallow
geothermal produces less heat than deep geothermal. However, 16% of the
respondents who said that they knew the difference could not explain that difference
in a few words.

After those questions, the survey gave to all the respondents a simplified
description of deep geothermal energy that included a diagram (Fig. 2). Following
the explanatory text, 67% of the respondents said they were favourable toward the
use of deep geothermal energy to produce electricity in the province. In addition,
64% of the respondents said they would also support the implementation of a pilot
project on deep geothermal energy to generate electricity in their region.

37% of the respondents considered that deep geothermal energy was already
used around the world to generate electricity. 6% thought it was not the case and
57% said that they didn’t know. Among the 37%, less than half could name a
country where they believed deep geothermal energy was being used to generate
electricity (open-ended question).

Among a list of eight conditions for the acceptance of such a pilot project in their
region, they ranked “respect and protection of the environment” as being the most
important condition (chosen by 65% of respondents, Fig. 4a). The following most
important conditions are safety for the employees and nearby communities (47%),
and information and consultation of local residents (46%, Fig. 4a). It should be
noted that only 8% of the respondents would not support a pilot project, no matter
the conditions.

After those questions on the necessary conditions to support a pilot project,
respondents were informed that hydraulic fracturing is sometimes used in deep
geothermal projects and their level of acceptance of deep geothermal energy was
evaluated again with this new information. The percentage of respondents
favourable in the province significantly dropped from 67 to 56% (—11%), whereas
the percentage of respondents favourable toward the implementation of a deep
geothermal energy pilot project to produce electricity in their region significantly
decreased from 64 to 52% (—12%).

The survey ended by asking the respondents what would be their most and
second most important concerns, if this project would take place in their region,
among a list of eight potential impacts associated with a deep geothermal energy
project (Fig. 4b). Groundwater pollution was the first concern of the respondents
(58%, first and second choices together). The second concern was soil contami-
nation (43%, first and second choices together). The other impacts concerning the
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(a) Necessary conditions to support geothermal

pilot project (b) Concerns about potential impacts
70 70 7
60 60 -
50 50
40 40
30 30 -
20 20
10 10 -
0 0-
B Respect and protection of the environment [ Groundwater pollution
[l Safety for the employees and nearby communities B Soil pollution
[ Information and consultation of local residents B Radioactivity
B Respect of landscape B Water use
[ Guarantees on long-term future of the geothermal site [l Air pollution
[ Financial compensation for nearby local residents B Noise
] Development by public entitity Induced sismicity

[[] Guarantees of job creation and retention Visual impacts

[C] No support at no conditions

Fig. 4 a Necessary conditions to support a pilot project of deep geothermal energy in
respondents’ region. Each bar of this graph shows the percentage of respondents that have chosen
this condition. b Potential impacts of a deep geothermal power plant. Respondents had to select
two choices among a list of eight. Each bar of this graph thus shows the percentage of respondents
that have chosen these potential impacts as their first and second choices together

respondents were radioactivity (20%), water use (20%), air pollution (15%), noise
(12%), induced seismicity (9%) and visual impacts (7%). Only 5% of respondents
were not worried by listed impacts and 10% choose “I don’t know/I prefer not to
answer”.

3.3 Discussion

Respondents supported maximum provincial production of renewable energy for
provincial needs and to export as much of this energy as possible. Besides,
renewable energy development was, for the respondents, the second most important
issue related to energy (Fig. 3a). Wind and solar energy sources were very well
known (level of knowledge of 7.6 and 7.5, respectively), whereas the level of
knowledge for other renewable energy sources is not high, below 5.2. The level of
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knowledge for the geothermal energy is only 4.7 and 56% admitted their poor
knowledge (score between O and 5). The level of acceptance is the highest for
hydroelectricity, wind and solar energy sources, whereas a majority of respondents
(67%) is favourable to geothermal energy in the province. The gap in acceptance, as
well as in knowledge, between wind, solar and hydroelectricity, on one hand, and
geothermal, on the other hand, is similar to what was found in other surveys
conducted in other jurisdictions such as Italy and Australia (Hobman and Ashworth
2013; Lagache et al. 2013; Pellizzone et al. 2015; Carr-Cornish and Romanach
2012; Carr-Cornish et al. 2011; Dowd et al. 2011). Acceptance of geothermal
energy appears to be behind other renewable options, which can be partly due to a
poor public knowledge of the technology.

Even if fewer Québec respondents were favourable toward geothermal energy
production compared to solar or wind energy production, they were more favour-
able than toward oil or gas production. Furthermore, a priori, the use of deep
geothermal energy to produce electricity received widespread support. Respondents
did not generally reject the use of deep geothermal energy or a potential pilot
project in their region. In fact, they were, for most of them, quite favourable to a
pilot project. The eventuality of a pilot project located in the region of the
respondents didn’t really impact their acceptance toward the use of deep geothermal
energy (decrease of only 3%). However, the potential use of hydraulic fracturing
had a major influence on respondents’ acceptance of deep geothermal energy
(decrease of 11%) and the implementation of a potential pilot project with hydraulic
fracturing in their region (decrease of 12%). Therefore, even in the case of a pilot
project in their region, knowing that hydraulic fracturing could be used, the
majority of Québec’s population was still favourable to such a project. Hydraulic
fracturing appears to be a sensitive subject, which should be investigated in other
regions of the world as similar surveys consulting the population on this topic are
expected to reveal important concerns.

Potential obstacles toward social acceptability of a deep geothermal energy
project are of environmental nature. The main concerns of Québec’s population
linked to a deep geothermal energy project are groundwater and soil contamination.

4 Conclusions

Lessons must be learned from recent public debates on shale gas and uranium in the
province of Québec, suggesting that social acceptability is a key factor for the
development of energy and natural resources. Public hearings on the development
of a uranium mine in the James Bay area (Fig. 1) influenced the government of
Québec in refusing to issue the authorization certificate for developing a mineral
deposit that was proven to be concentrated enough to become an economic mine as
the Cri First Nation did not accept the project. Deep geothermal energy is not
exploited yet, so that there is an opportunity for promoters to lean toward a
proactive approach raising awareness among Canadians. The level of knowledge on
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this “new” energy source is fairly low and promoters must inform the population on
all aspects (benefits and potential impacts) related to the exploitation of geothermal
energy. For example, the comments of those opposed to a pilot project in their
region showed through an open question that they needed more information about
deep geothermal energy to develop an informed opinion on this energy source.
Deep geothermal energy could be better accepted by the public if information and
consultation campaigns would be conducted, among others, to clearly take people’s
concerns into consideration and provide answers to their questions. In addition, the
survey indicates that, depending on the information provided, Québec respondents’
opinions may change rapidly.

Québec’s population overwhelmingly supported local production of renewable
energy and recognized that the most important advantage arising from the devel-
opment of renewable energy is the decrease of GHG emissions. This is an inter-
esting result from the survey conducted in Québec because geothermal energy
could be used in the province to replace fossil fuel for power plants in remote
regions that are not connected to the main grid and for heating in buildings. This
also shows that the basis for legitimating a deep geothermal energy pilot project in
the province is already in place. However, experiences from deep geothermal
energy projects in other countries can also be used to increase the probability of a
future pilot project to be accepted from communities in the province. Lagache et al.
(2013) explained that the Soultz-sous-Foréts project in France would have gained a
better acceptance if the community had felt benefits in their day-to-day life.
Creating benefits for the host community and informing its citizen about them is a
key to increase the social acceptance of a deep geothermal power plant. This
approach of community benefits creation was confirmed by Kubota’s et al. work
(2013) on local stakeholders in host communities in Japan, as well as, in Germany
(Leucht 2012). The heat from the Unterhaching geothermal power plant in
Germany plant is used as an energy supply for a residential heating system bene-
fiting 5000 households. Leucht (2012) supports that this project was deemed a
success at the social level since it combines community benefits and a good level of
public awareness on the technology. Public awareness and information on
geothermal technology itself and not only on the benefits is also a key determinant
for high level of social acceptance. Dowd et al. (2011) showed that information can
play a role in increasing social acceptance of new renewable energies through focus
group activities. For a deep geothermal pilot project to obtain a high level of social
acceptability in Québec, these findings should be taken into consideration. The
application of these findings during the development of a project in Québec would
be a good opportunity to confirm their efficiency to create high level of social
acceptability. However, potential promoters must have, like for all energy and
natural resources development projects involving public perception, to actively
consult and listen to the population living near the project to obtain social
acceptability. A priori, geothermal energy technologies should be well accepted in
the province.



102 M. Malo et al.

Acknowledgements Some parts of this work were presented at the World Geothermal Congress
in Melbourne in 2015. This work was funded by the Fonds de Recherche Nature et Technologies
du Québec and Hydro-Québec as well as a Banting scholarship given to the last author.

References

Bédard K, Comeau FA, Raymond J, Malo M, Nasr M (2017) Geothermal characterization of the
St. Lawrence Lowlands sedimentary basins. Nat Resour Res. https://doi.org/10.1007/s11053-
017-9363-2

Carr-Cornish S, Romanach L (2012) Exploring community toward geothermal technology in
Australia. CSIRO, EP129117. https://doi.org/10.4225/08/584af4356be3f

Carr-Cornish S, Huddlestone-Holmes C, Ashworth P (2011) The ARRC/Pawsey geothermal
demonstration project: an example of how to engage the community. In: Proceedings of the
Australian geothermal energy conference, Melbourne, Australia, 16—-18 Nov 2011

Dowd AM, Boughen N, Ashworth P, Carr-Cornish P (2011) Geothermal technology in Australia:
investigating social acceptance. Energy Policy 39:6301-6307. https://doi.org/10.1016/j.enpol.
2011.07.029

Filiatrault K (2007) Hydro-Québec, autochtones et régions: Gouvernance environnementale et
acceptabilité sociale: Le cas de SM-3. M.Sc. thesis, Université du Québec a Montréal, Canada

Grasby SE, Allen DM, Chen Z, Ferguson G, Jessop AM, Kelman M, Ko M, Majorowicz J,
Moore M, Raymond J, Therrien R (2012) Geothermal energy resource potential of Canada.
Geological Survey of Canada, OF 6914. https://doi.org/10.4095/291488

Hobman V, Ashworth P (2013) Public support for energy sources and related technologies: the
impact of simple information provision. Energy Policy 63:862-869. https://doi.org/10.1016/].
enpol.2013.09.011t

ISQ (Institut de la statistique du Québec) (2017) Le Québec chiffres en main, Edition 2017. http://
www.stat.gouv.qc.ca/quebec-chiffre-main/pdf/qcm2017_fr.pdf. Accessed 15 Dec 2017

Jegen M, Audet G (2011) Advocacy coalitions and wind power development: insights from
Quebec. Energy Policy 39:7439-7447. https://doi.org/10.1016/j.enpol.2011.09.012t

Kubota H, Hondo H, Hienuki S, Kaieda H (2013) Determining barriers to developing geothermal
power generation in Japan: societal acceptance by stakeholders involved in hot springs. Energy
Policy 61:1079-1087. https://doi.org/10.1016/j.enpol.2013.05.084t

Lagache L, Genter A, Baumgaerther J, Cuenot N, Koelbel T, Texier P, Villadangos G (2013) How
is evaluated acceptability of an EGS project in Europe: the Soultz-Kutzenhausen geothermal
project? In: Proceedings of the European geothermal congress, Pisa, Italy, 3—7 June 2013

Lasserre F (2009) Les aménagements hydroélectriques du Québec: le renouveau des grands
projets. Géocarrefour 84(1-2):11-18. https://doi.org/10.4000/geocarrefour.7186

Leucht M (2012) Medienresonanzanalyse — zu Projekten der tiefen Geothermie in Landau,
Bruschal, Briihl und Unterhaching. Research report, Karlsruhe, Freiburg, EIFER, enerchange
2012

Majorowicz J, Minea V (2012) Geothermal energy potential in the St. Lawrence River area,
Québec. Geothermics 43:25-36. https://doi.org/10.1016/j.geothermics.2012.03.002t

Majorowicz J, Minea V (2015) Geothermal energy potential in low enthalpy areas as future energy
resource: identifying feasible targets, Québec, Canada, study case. Resources 4(3):524. https:/
doi.org/10.3390/resources4030524

Malo M, Moutenet JP, Bédard K, Raymond J (2015) Public awareness and opinion on deep
geothermal energy in the context of shale gas in the province of Québec, Canada. In:
Proceedings of the world geothermal congress 2015, Melbourne, Australia, 19-25 Apr 2015

Malo F, Raymond J, Malo M (2016) L’acceptabilité sociale des projets d’énergie géothermique au
Québec. INRS, report R1662. http://espace.inrs.ca/4030/1/R1662.pdf. Accessed 15 Dec 2017


http://dx.doi.org/10.1007/s11053-017-9363-2
http://dx.doi.org/10.1007/s11053-017-9363-2
http://dx.doi.org/10.4225/08/584af4356be3f
http://dx.doi.org/10.1016/j.enpol.2011.07.029
http://dx.doi.org/10.1016/j.enpol.2011.07.029
http://dx.doi.org/10.4095/291488
http://dx.doi.org/10.1016/j.enpol.2013.09.011t
http://dx.doi.org/10.1016/j.enpol.2013.09.011t
http://www.stat.gouv.qc.ca/quebec-chiffre-main/pdf/qcm2017_fr.pdf
http://www.stat.gouv.qc.ca/quebec-chiffre-main/pdf/qcm2017_fr.pdf
http://dx.doi.org/10.1016/j.enpol.2011.09.012t
http://dx.doi.org/10.1016/j.enpol.2013.05.084t
http://dx.doi.org/10.4000/geocarrefour.7186
http://dx.doi.org/10.1016/j.geothermics.2012.03.002t
http://dx.doi.org/10.3390/resources4030524
http://dx.doi.org/10.3390/resources4030524
http://espace.inrs.ca/4030/1/R1662.pdf

Public Perception Regarding Deep Geothermal Energy and Social ... 103

Malo F, Bédard K, Malo M, Rivard C, Lavoie R (2017) Perception regarding mineral resources
development in the province of Québec, Canada. In: Proceedings of the 14th Biennial SGA
meeting, Québec, Canada, 20-23 Aug 2017, pp 1445-1448

MERN (Ministére de I’Energie et des Ressources naturelles du Québec) (2014) Orientations du
Ministére de 1’Energie et des Ressources Naturelles en Matiére d’ Acceptabilité Sociale. http:/
mern.gouv.qc.ca/wp-content/uploads/orientations-complet-acceptabilite-sociale.pdf. Accessed
15 Dec 2017

National Energy Board (2017) Canadian energy overview 2014—energy briefing note. https:/
www.neb-one.gc.ca/nrg/ntgrtd/mrkt/vrvw/2014/index-eng.html. Accessed 15 Dec 2017

Pellizzone A, Allansdottir A, De Franco R, Muttoni G, Manzella A (2015) Social acceptance of
geothermal energy in southern Italy. In: Proceedings of the world geothermal congress 2015,
Melbourne, Australia, 19-25 Apr 2015

Raymond J, Malo M, Tanguay D, Grasby S, Bakhteyar F (2015) Direct utilization of geothermal
energy from coast to coast: a review of current applications and research in Canada. In:
Proceedings of the world geothermal congress 2015, Melbourne, Australia, 19-25 Apr 2015

Richard MA, Giroux B, Gosselin L, Kendall J, Malo M, Mathieu-Potvin F, Minea V, Raymond J
(2017) Intégration de la géothermie profonde dans le portefeuille énergétique canadien.
IREQ-Hydro-Québec, report IREQ-2017-0032, Laboratoire des technologies de 1’énergie
(LTE)

Statistics Canada (2017) Gross domestic product, expenditure-based, by province and territory.
http://www .statcan.gc.ca/tables-tableaux/sum-som/l01/cstO1/econ15-eng.htlm. Accessed 15
Dec 2017

Tampakis S, Tsantopoulos G, Arabatzis G, Rerras I (2013) Citizen’s views on various forms of
energy and their contribution to the environment. Renew Sustain Energy Rev 20:473-482.
https://doi.org/10.1016/j.rser.2012.12.027

Michel Malo is a professor at INRS. He specializes in structural geology and Appalachian
geology. He is also interested in natural resources contained in sedimentary rocks (hydrocarbon
reservoirs and ore deposits) and, more recently, the geological storage of CO, and geothermal
energy. With his team, he conducted research on social acceptability of new energy sources in the
province of Québec. He holds a Ph.D. in Geology from Université de Montréal.

Frédéric Malo is a master student in International Development at the Institut des Hautes Etudes
Internationales at Université Laval in Quebec City. He completed his B.Sc. in geography in 2015
at the same university. He worked at INRS during summers 2015, 2016 and 2017 on the social
acceptability of deep geothermal energy and mining development

Karine Bédard joined INRS in 2008. In the last years, her work particularly focused on rock
properties and 3D geological modelling of sedimentary basins and reservoirs in the context of CO,
geological storage and geothermal energy. She holds a B.Sc. in Geology from University of
Ottawa and an M.Sc. in Geomatics from Université Laval.

Jasmin Raymond is a hydrogeologist and teaches geothermal energy basics at INRS. He conducts
research on low to medium temperature resources, including heat pump systems. Professor
Raymond currently holds a research chair from I’Institut nordique du Québec to investigate the
geothermal potential of northern communities and mines in addition to be the coleader of an
international research group on geothermal energy supported by UNESCO. He coauthored a report
from the Geological Survey of Canada on the geothermal potential of the country.


http://mern.gouv.qc.ca/wp-content/uploads/orientations-complet-acceptabilite-sociale.pdf
http://mern.gouv.qc.ca/wp-content/uploads/orientations-complet-acceptabilite-sociale.pdf
https://www.neb-one.gc.ca/nrg/ntgrtd/mrkt/vrvw/2014/index-eng.html
https://www.neb-one.gc.ca/nrg/ntgrtd/mrkt/vrvw/2014/index-eng.html
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/econ15-eng.htlm
http://dx.doi.org/10.1016/j.rser.2012.12.027

Geothermal Energy in France. ®)
A Resource Fairly Accepted for Heating oy
but Controversial for High-Energy

Power Plants

Philippe Chavot, Anne Masseran, Cyrille Bodin, Yeny Serrano
and Jean Zoungrana

Abstract In this chapter, we will see that geothermal energy is guided by dynamics
of development that are uneven depending on the region and the nature of the
projects. Use of geothermal resources for heating had a major boom following the
energy crises of the 1970s, particularly in the Parisian region. High-energy
geothermal projects were first developed in the volcanic islands of French overseas
territories in the 1980s. Its developments in mainland France are then linked to the
energy transition policy implemented in the early 2010s. However, in several
regions, opponents point out the risks arising from drilling techniques used to
facilitate water circulation in rocks. But criticism is also focused on economic and
political aspects. The first part of this chapter reports on the first developments of
geothermal energy in France and its links with energy policies. The second part
deals with social aspects, evoking the controversies that arose in France from 2014
onwards and the role of consultation mechanisms in these controversial situations.
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1 Geothermal Framework

Located at the western end of Europe, the mainland part of France benefits from a
temperate climate with strong oceanic influence. It has some ancient massifs
(including the Massif Central, which is volcanic) and recent mountain ranges
created by several tectonic episodes. These massifs are bordered by very fertile
sedimentary basins that have enabled France to become the 8th largest agricultural
power in the world. As witnesses of an important colonial past, overseas territories
remain attached to the country: the islands of Guadeloupe, Martinique and
St. Martin in the French West Indies, Reunion Island in the Indian Ocean, Guyana
in South America. The first power plants based on geothermal drilling have been
tested in the volcanic island of Guadeloupe.

Since the COP21 climate agreements of 2015, France wants a leading role in the
energy transition, a role it confirmed in 2017 by organizing the One Planet Summit.
In this chapter, focusing on the developments of geothermal energy in France, we
will first present the framework in which this new energy resource was explored by
proposing a brief review of France’s energy policy. What role are renewable
energies playing in this policy, and what about geothermal energy? Secondly, we
will address the pioneering work carried out in France on deep geothermal energy
and then discuss its contemporary developments. What societal and political evo-
lutions have enabled geothermal energy to establish itself in France? How are its
developments managed? And finally, how are the risks associated with drilling and
the running of geothermal plants assessed by the public?

1.1 A Late Commitment in the Development of Renewable
Energies in France

During its recent history, France has benefited from several energy resources.
Important coal deposits were the spearhead of its industrial revolution in the 19th
century. However, the First World War raised awareness of the dangers of
dependency on a single energy source. This is when the first major hydroelectric
dams were built. Similar projects followed one another until the 1970s. Despite the
exploitation of a few deposits, France depends on imports for almost all of its oil
and gas consumption. The two oil crises of the 1970s led to the major development
of the nuclear industry. France then became one of the world leaders in this sector,
as much for fuel extraction (carried out in France for a time, then in Niger) as for the
manufacture of power plants, and more recently for nuclear waste management
(Hecht 1998; Topgu 2013). France is currently the world’s second largest nuclear
power producer. In 2016, 72.3% of the electricity produced in France came from
nuclear power, making it one of the few countries that can export electricity.
This all-nuclear policy has led France to neglect renewable energy sources
(RES) for a long time, the hydroelectric sector being the only one to have had a
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steady development since 1914 and until the 1970s. It currently produces around
11% of the electricity consumed in mainland France.

Other RES sectors were more recently developed due to the policies imple-
mented in France since the early 2000s. Initial measures included the development
of national climate plans (2000 and 2004): lined up with the Kyoto Protocol (1997),
they aim to reduce greenhouse gas emissions. However, they do not directly
encourage the use of RES. The Grenelle Environment Forum' (2007) and the
subsequent two laws (2009, 2010%) propose more concrete targets for the devel-
opment of RES: they are expected to account for 23% of the final energy con-
sumption by 2020. An incentive policy towards regional districts have led these to
define their own territorial climate plans and promote green energy (heat and
electricity). Finally, the Energy transition law adopted on August 15, 2015 includes
the Grenelle targets and sets a 32% share of RES in final energy consumption by
2030. The main innovation of this law concerns nuclear power, whose share of
electricity production will have to decrease from 78 to 50% by 2025.% Emphasis is
again placed on local territorial actions.

These recent policies are giving results. Between 2005 and 2015, a downward
trend in the import of energy resources, electricity consumption and CO, emissions
was recorded. Demand for primary energy decreased by 9.3% and final con-
sumption by 13%.* Since 2004, the decline in consumption has been most notable
in the residential heating and cooling (—15.4%) and trade (—11.7%) sectors.

At the same time, the share of renewable energy has increased from 9 to 14.9%
of the energy consumed. However, this increase is, for the time being, insufficient to
reach the 23% target by 2020. Among RES, the wood sector (74.9%) is preferred
for heat production, far ahead of heat pumps (16.1%). For green electricity pro-
duction, hydropower accounts for the largest share (61.1%), followed by wind
power (23.8%) and photovoltaics (8.1%).” Deep geothermal energy occupies a
rather modest position in this panorama, less than 1% of the renewable energy
production, but projects are still in the process of being implemented.

!The term “Grenelle” refers to the multi-party debates that took place on Rue de Grenelle in Paris
in May 1968, at the end of one of the largest workers and students revolts that France has seen in
the 20th century. It now refers, by analogy, to any structured, multi-party debate which includes
government representatives, representatives of different political sensitivities, various associations
and NGOs.

2Act no 2009-967 of 3 August 2009 programming the implementation of the Grenelle for the
Environment, and Act no 2010-788 of 12 July 2010 establishing a National Commitment
regarding the Environment.

*However, the current Minister of the Environment has repeatedly pointed out in 2017 that this
objective is not sustainable.

“The Total primary energy supply (TPES) amounted to 245.7 MTOE in 2015 and Total Energy
Consumption (TFC) was 147.7 MTOE in 2014.

*Ministére de 1’environnement, Chiffres clés des énergies renouvelables Edition 2016, http:/
reseaux-chaleur.cerema.fr/wp-content/uploads/CC-des-energies-renouvelables-edition-2016.pdf
(accessed on 02/26/2018).
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1.2 Pilot Projects for High-Temperature Geothermal Energy
(Power Generation)

Despite its small footprint, geothermal energy in France already has a long history.
In the 1960s, at the instigation of Jean Goguel, sometimes referred to as the “father of
French geothermal energy”, the French geological survey organization (the Bureau
de recherches géologiques et minieres, BRGM), started several exploratory works
on volcanic geothermal energy in Guadeloupe on behalf of the Electricity production
and distribution company of Guadeloupe. Several wells, from 450 to 2000 m deep,
were drilled between 1967 and 1971 by the French oil drilling company Eurafrep
(Guillou-Frottier 2003). Exploitation of the resource, whose temperature exceeds
200 °C, began in 1984 with the installation of the first electricity production unit, the
Bouillante 1 plant, commissioned in 1985 by the National French electricity com-
pany (Electricité de France, EDF) and BRGM. New drillings in the early 2000s led
up to the commissioning of Bouillante 2 in 2005.° Bouillante 1 (which was refur-
bished in 2013) and 2, with a total production capacity of 15.5 MWe, cover 6% of
the electricity demand of Guadeloupe (Demarcq et al. 2014).”

Over the same period, a more ambitious project for the West Indies aimed to
exploit the geothermal resources of the Dominica island. The aim was to develop a
large geothermal power plant capable of supplying electricity to the island of
Dominica but also to the two neighbouring French islands of Guadeloupe and
Martinique via a network of submarine cables. Exploratory studies were carried out
as early as 1977 and the project, entitled Géothermie Caraibes, took concrete form
in 2003, involving several partners.® The production capacity is estimated at
150 Mw. Géothermie Caraibes together with a third power plant in Martinique
should allow the three islands to benefit from less expensive energy and be a step
closer to energy self-sufficiency (Laplaige et al. 2013). The implementation of this
project was, however, slowed down in 2013 by EDF’s withdrawal from Géothermie
Caraibes and from the Bouillante power plant. While the American operator Ormat
took over the activities of the Guadeloupe power plants in February 2016 (by
purchasing 80% of the shares), the Géothermie Caraibes project is still pending.

Exploratory work was also carried out in the Indian Ocean during the 1970s and
1980s, on the volcanic island of Réunion to produce electricity. The project was
considered economically unviable in 1986 but became relevant again in the 2000s.
A first project was aborted in 2008 due to a strong mobilization of the population

6http://www.geothermie—perspectives.fr/article/historique—lexploitation—champs—bouillante (ac-
cessed on 02/26/2018).

7http://www.guadeloupe—energie.gp/geothermie/Z180—2 (accessed on 02/26/2018).

8The project involves the government of Dominica, the French regions of Guadeloupe and
Martinique, the French Development Agency (AFD), the French Environment and Energy
Management Agency (ADEME) and the BRGM.
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against drilling, which was to be carried out within a protected natural area. A new
project led by Volcanergie (a subsidiary of the Electerre group) is being
implemented.

1.3 The Development of Geothermal Energy
in Mainland France

In the 1980s, following the oil crisis, low-temperature geothermal energy emerged
as one of the lower-cost solutions promising to supply heat to homes and industries.
In Mainland France, the “heat” potential of geothermal energy was therefore the
primary driving force towards its development. Between 1980 and 1985, some
thirty low-energy geothermal plants were built in the Paris Basin and in Aquitaine.
In the Paris Basin, the plants exploited the Dogger aquifer, which has a temperature
between 55 and 80 °C and is located in fractured limestone at 1600—1800 m depth.
These installations did not prove very cost-effective and maintenance was com-
plicated due to corrosion. The more favourable political conjecture of the 2000s
made it possible to rehabilitate old wells and build new ones. With 44 installations
in operation, the Paris Basin has become an area in the world where the density of
geothermal plants is among the highest, supplying nearly 200,000 homes (Boissavy
et al. 2016). The objective is to keep these plants in operation for about 50 years,
which will only be possible if they are able to manage the cooling associated with
the re-injection into groundwater of water after heat extraction.

High temperature geothermal energy is emerging in France thanks to the creation
of the pilot project of Soultz-Sous-Foréts in 1985 and of the EEIG (European
Economic Interest Grouping), which manages the project since the late 1990s.” A
truly genuine laboratory for deep geothermal energy, it was intended to exploit the
thermal anomaly of the Rhine basin by first developing a Hot Dry Rock type
geothermal project. After several exploratory phases, and two boreholes more than
5000 m deep, the group discovered a very saline aquifer located 3500 m deep, in a
naturally fractured granitic bedrock and a temperature of 200 °C. The EEIG’s
activity provided the basis for the Enhanced Geothermal System (EGS) technique.
The aim has been to experiment the different types of stimulation (hydraulic or
chemical) that allow better water circulation in micro-cracks. The EEIG was con-
verted into an industrial site in June 2016 following the acquisition by Electricité de
Strasbourg (a subsidiary of EDF), which invested 8 million euros in the site. With a
capacity of 1.7 MW, the site can now produce 12,000 MWh of electricity per year,
supplying electricity to the equivalent of 2400 homes.

This project is supported by the European Commission, the French Ministry of Research through
the AFME (now ADEME), and the German Ministry of Environment.
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Inspired by the Soultz-Sous-Foréts model, many projects have been launched
since the 2000s in the German, Swiss and French regions of the Rhine basin. Thus,
on the French side, in Alsace, the 24 MW Rittershoffen geothermal power plant
was inaugurated in 2016. It supplies heat to the Roquette starch factory located
about 30 km away. In Alsace, three cogeneration power plant projects are currently
being carried out within the Eurometropolis of Strasbourg and three projects are
being defined in Northern Alsace and in the near outskirts of Strasbourg. The Rhine
basin is not the only area where deep geothermal energy is being developed.
The Ministry of Mines has issued a dozen or so research permits regarding

high-temperature geothermal energy, to be carried out in Alsace and in areas of the
Massif Central and of south-western France (Fig. 1). Thus, 23 projects could be
completed by 2030, which would generate 211.5 MWe and 245 MWth for an

investment of 1500 million euros.

Fig. 1 Map related to permit areas for high temperature resources. Rose

LEGENDE DES TITRES MIMIERS DE GITES
'\!] r ) GEOTHERMIQUES A HAUTE TEMPERATURE
} i “‘t\g\m [ PERMS EACLUSIFS DE RECHERCHES
Loutesboung T e vt
Saults_ B oo mimo
‘Harwer- Fitiershatten | DEMANDEI Of PUTES OF RICHERCHEY
*""""""L_,.. ] li i TITRES DEXPLOTATION
‘1 b= Bl emvan
owringen g
ey |[C _ E
= s |
PP & | [couloir Rhodanien Sa=
y X et Haute Savole -
B [EaTr I|' | i‘_l."
[ ~J
T
Alsace
B
e |
Massif Central et Limagne 2y i e
Sud-Ouest I~ roam
mimte - 50 oA
D AL ¢ 7
>
R - i
r~ Saresen
i D ;
I:r.m. 1 = 1
a | == et ]
color: pending

applications. Brown and red colors: permits issued. Blue color: concessions. Modified from:
Ministry of Environment, January 2016, presented in AFPG 2016



Geothermal Energy in France. A Resource Fairly ... 111

1.4 Geothermal Policy and Stakeholders

The development of low and high-temperature geothermal energy is backed by
various provisions taken within the framework of the national climate plan (2004)
and the Grenelle 1 and 2 laws (2009/10). First, the Renewable Heat Fund was
created in 2009, which includes a total allocation of 1.12 billion euros and target
renewable energy and energy recovery (EnRR) heat projects. It allows operators to
produce heat at a competitive price compared to the use of fossil fuels. The revival
of low-temperature geothermal energy in the Paris Basin has been partly achieved
thanks to this Fund. It has also encouraged provincial cities to integrate the
development of geothermal energy into their territorial climate plan.'® This is the
case, for example, with the climate plan of the Eurometropolis of Strasbourg, which
sets a target of 20-30% of renewable energy usage for private and public needs.''
Secondly, EDF’s electricity purchase tariffs were revalued in 2010, setting the price
of kWh from geothermal energy at 20 cents, which also benefited from an 8 cents
premium. This measure made it possible to ensure the economic viability of
cogeneration projects and led several companies to favour this option rather than
heat production alone, despite the low efficiency of converting heat into electricity.
Finally, the establishment of a guarantee fund set up by companies with the support
of the Ministry of Ecology allowed companies to obtain financial compensation in
the event of unsuccessful drillings.

The development of geothermal energy depends on the mining code, since it is
linked to the exploitation of underground resources. Likewise, the granting of
research and concession licenses is controlled by the state and by local prefectures.
For low-temperature geothermal energy (<150 °C), all procedures are managed
locally. The exclusive licence to prospect (Permis exclusive de recherche, PER) is
granted by the prefecture for a period of three years. For high-temperature resource
projects (>150 °C) with or without electricity generation, applications for the PER
are processed by the Ministry of Mines. In this case, the state or prefecture solicits
several evaluations or consultations:

e The analysis of licence applications, their compliance with the legal framework
and the monitoring of drilling operations is carried out by the Regional
Directorate for Environment, Development and Housing (DREAL) linked to
each prefectures.

e Additional expertise can be provided by the French national institute for
industrial environment and risks (Ineris), with regard to subjects relating to risk
management. The Departmental Council of Environment and Sanitary and
Technological Risks (CODERST) can also be sought regarding environmental
and sanitary issues.

http://www.energivie.info/PCET (accessed on 02/26/2018).
"http://blog.bio-ressources.com/non-classe/alsace-geothermie-profonde (accessed on 02/26/2018).
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e In addition, the public and the local residents are consulted at various stages of
the procedure. We will come back to that later.

Outside this regulatory framework, multiple actors are involved in the definition
and implementation of projects. The French Geological Survey, BRGM, which, as
we have seen, has played a decisive role in the implementation of overseas projects,
also intervenes more or less directly in mainland France. It provides its expertise,
makes available and coordinates information intended for professionals, whether it
concerns subsoils geology or the preparation of applications.'? It can also become
financially involved in projects.

Low temperature projects generally depend on local dynamics, involving cities
or service providers in charge of water management or heat networks. Therefore, in
the Paris Basin, projects are set up by local authorities, which are already involved
in the management of heat networks. Only a few projects in the outskirts of Paris
are carried out by new operators in the RES sector. For example, Engie, the his-
torical operator of natural gas distribution in France, recently became involved in
the creation of several heat networks powered by geothermal energy through its
subsidiary, Engie Réseau.

High-temperature geothermal energy projects don’t have as many local con-
nections, their main objective being the production of electricity. New players have
emerged and competition is conducted under the Ministry of Mines’ arbitration.
18 high temperature PER have been issued during the last five years, including two
overseas. The project leaders are subsidiaries of large groups specialized in the
energy sector (Electricité de Strasbourg Géothermie, 5 licences), newly formed
groups in the field of renewable energies (Fonroche, 7 licences) or in the geothermal
energy sector (TLS, 1 licence), and local companies created to exploit geothermal
resources (Electerre, Volcanergie, Géothermie de la Guadeloupe).13

These companies work closely with the research sectors, national agencies and
offices as well as professional drilling businesses. Electricit¢ de Strasbourg
Géothermie (ESG) draws on the experience gained during its involvement in the
Soultz-sous-Foréts EEIG consortium (see above). The Rittershoffen power station is
the result of a collaboration between ESG, BRGM, the French Environment and
Energy Management Agency (ADEME) and the Caisse des dépots et consigna-
tions. Finally, ESG is involved, together with the CNRS and the Ecole et
Observatoire des Sciences de la Terre (EOST) in the creation of the Laboratoire
d’excellence (Labex'*) G-EAU-THERMIE profonde located in Strasbourg, Alsace.
This Labex is itself involved in collaborations with the Karlsruhe Institute of
Technology (KIT) in Karlsruhe with whom it organises an annual European

'>The main BRGM reports are available at http://infoterre.brgm.fr (accessed on 02/26/2018).
These companies generally request a low-temperature permit in conjunction with a
high-temperature permit, in order to be able to exploit the resource even if the temperature is less
than 150 °C. A draft decree aims to lower the low-high temperature threshold to 110 °C.
“Labex are high quality research laboratories created in the early 2000. They are part of a
€45 billion investment program aiming at favoring French innovation.
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Geothermal Workshops (EGW) since 2012."> These collaborations aim to better
understand and exploit the geothermal resources of the Rhine basin.

Other forms of collaboration exist in the field of geothermal energy.
A co-investment partnership in the drilling rig was initiated by Fonroche together
with two more experienced German companies'®: Herrenknecht Vertical GmbH
and Angers&Soehne Gmbh. These groups notably co-founded Foragelec. Lastly,
international connections are also being set up as part of shareholdings. Hence, the
Bouillante plant, which was partially acquired by the American company Ormat
Technlogy with 59.3% of the capital, has these other shareholders: BRGM (for
20.36% of the capital) and the Caisse des Dépots et Consignations (19.91%)."7

The companies and agencies involved in the development of geothermal energy
find themselves within the Association frangaise des professionnels de la
géothermie (AFPG), created in 2010. In addition, a group of companies from the
French energy industry gathered around the GEODEEP Cluster in relation with a
consulting agency, the AFPG, and various service companies. The cluster’s
objective is to propose turn-key solutions for all low and high energy projects. It
created a guarantee fund to compensate the company in the event of an unsuccessful
drilling (see above).

2 Studying Social Aspects of Geothermal Energy
Development in France

The French energy transition policy, implemented since the early 2000s, has led to a
major reconfiguration of the energy field. The former centralized and state managed
power production (typical of nuclear policy) has given way to decentralized
management involving a multitude of actors. Local and regional authorities are
becoming increasingly responsible and, as we have seen, the evaluation and control
of projects is carried out by a plurality of actors. Finally, a consultation of citizens is
required by the environmental legislation alongside the mining code because such
geothermal projects are considered to have a possible impact on the environment or
on the quality of life of local residents.

This reconfiguration is a privileged field of study for the humanities and social
sciences (HSS). Energy sociology tends to become an area of research in itself,
which the Ministry of Research coordinates through the National Thematic Alliance

>The last EGW workshops was held in Karlsruhe on 12—13 October 2017: https://indico.scc.kit.
edu/indico/event/343/ (accessed on 02/26/2018).

'®According to the document below, these German companies have achieved 8 deep boreholes in
Germany and have 150 years of existence in the field of geothermal energy. http://www.fonroche.
fr/sites/default/filess GEO_STRAS_Brochure_ A6_FAQ_32pages%20WEB.pdf (accessed on 02/
26/2018).

http://www.brgm.fr/brgm/le-groupe-brgm/geothermie-bouillante (accessed on 02/26/2018).
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of Humanities and Social Sciences (Athena) (Labussiére and Nadai 2015).'® The
involvement of HSS in the energy field is also facilitated by the fact that social
analyses are increasingly required within the calls for scientific projects launched by
the European Community or the French National Research Agency (ANR). It is
within this framework that initial work has been carried out on the social aspects of
geothermal developments.

2.1 Legal Public Consultations

Geothermal projects over 200 m deep are subject to a variety of assessments and
controls, and approval procedures can take a very long time. For example, the
procedures that opened up geothermal drillings within the Eurometropolis of
Strasbourg in 2017 began in 2010. In this context, the public is consulted several
times (see Table 1). First, when considering applications for exclusive licence to
prospect,'® two different procedures are put in place depending on the nature of the
licence: for low temperature licence administrated by local prefecture, citizens’
opinions are collected through a local public enquiry; for high temperature licence
controlled by the State, the Ministry of Environment has set up a web platform to
collect citizens’ comments.”’ Once the licence has been granted, a second con-
sultation is carried out for the exploration authorization request administered by the
prefecture, which takes the form of a public inquiry. Finally, the public is consulted
again before the plant is put into operation and during the application for a
concession.

In addition to these consultations, monitoring committees or acceptability sur-
veys may be set up from time to time by prefectures or companies when drilling is
carried out or during the first years of the power plant’ operations.

2.2 The Public Inquiry, a Platform for Protest

The public inquiry mechanism is an old system (1810) whose scope was extended
to environmental issues in 1983. Organized by the prefecture, these public

'3The Athena Alliance presents itself as a forum for strategic cooperation and consultation between
universities and research organizations. It takes a reflective look at HSS research orientations and
contributes to the construction of a research policy: http://www.allianceathena.fr/ (accessed on 01/
10/2018).

"The exclusive research license gives the company an exclusive right to carry out exploration
work on geothermal deposits within a defined perimeter and to apply for a concession if the
resource is proven.

2OThis collection of citizens' points of view is done via the online system “Consultations pub-
liques”:http://www.consultations-publiques.developpement-durable.gouv.fr/ (accessed on 01/10/
2018).
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Table 1 Mandatory public consultations for low and high temperature geothermal projects

Low temperature
project

Drilling depth over
200 m

Temperature <150 °C

High temperature project
Drilling depth over 200 m
Temperature >150 °C

Application for an Exclusive licence
to prospect (PER)

Administered by the
prefecture
Organisation of a
public inquiry

Administered by the
Ministry of Mines
European competition
Public consultation via a
web platform

Permit is issued

Prefectural decree,

Ministerial decree, valid

valid for 3 years for 5 years

Authorization of Exploration Work Administered by the prefecture

Organization of a public inquiry

Commissioning of the plant Administered by the prefecture

Registry of public consultation

Concession application Administered by the prefecture
Organization of a public inquiry (valid for 50 years,

renewable for a period of 25 years)

consultations only involve municipalities or groups of municipalities likely to be
impacted by development projects. The publicity surrounding the consultation is
rather limited and the documents made available to the public are generally difficult
to understand by citizens unfamiliar with science and technology: “Their function
seems to be more to satisfy legal requirements [...] than to encourage participation”
(Blatrix 1996, p. 302). However, these consultations are often seen as an indication
of whether or not a project is accepted by inhabitants. Thus, according to prefec-
tures and operators, low participation in EPs is equivalent to unconditional
acceptance of the project. In practice most EPs for low temperature permits or
projects have received few, if any, citizen input. As a consequence, all these pro-
jects have been validated by the relevant prefectures. However, the EPs can also
become a platform for expressing protest, as was the case during the consultations
on cogeneration projects in Alsace, Haute-Savoie and Reunion Island.
An examination of these protests reveals at least five types of criticism.

1. The inhabitants criticize deep geothermal energy because of the various con-
sequences that drilling can have on their environment, such as induced seis-
micity, groundwater pollution, radioactive upwelling, and even the risk of
explosion (related to the use of isobutene during the transformation of heat into
electricity). It is in urban areas that the issue of risk is most sensitive and
sometimes takes precedence over any other consideration. In Strasbourg in
particular, a drilling project located within an industrial zone classified as high
risk area, according to the Seveso European directive, where a large quantity of
hydrocarbons and chemicals are stored, caused a wave of hostility. A consensus
was quickly reached against the project leading the operator to back down.
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2. The imprint of a project on its natural environment was at the heart of the
criticisms of the project on Reunion Island in 2005. Drilling on dry rock (Hot
Dry Rock) was to be carried out in La plaine des sables, a tourist zone classified
as a natural park and for which the inhabitants hoped for UNESCO recognition
as a world heritage site. Several local NGOs mobilized until the project was
abandoned in 2010. The debate resurfaced in 2016, when a new exclusive
licence to prospect was requested from the Ministry for the Salazie-Cilaos area
outside the enclave of the natural park.

3. The lack of hindsight on the EGS type of deep geothermal energy is pointed out.
Indeed, the cogeneration projects that were to see the light of day in Alsace and
Haute-Savoie are the first of their kind in Mainland France. Hence, numerous
opponents to these projects refer to uncertainties in regards to seismic risk and
call for the application of the precautionary principle. This argument has taken
on a particular dimension in Alsace, where local scientists have stressed that
further research is needed to better understand the behaviour of naturally
cracked rocks when by opponents exploiting deep aquifers. Referring to these
statements, geothermal energy has often been qualified as a non-mature tech-
nology during public enquiries and the promoters as sorcerer’s apprentices.

4. Several activist groups criticize the very idea of producing electricity from
geothermal heat. Alsace Nature, which federates the main Alsatian environ-
mental associations, points out the low expected returns (the rate of 10% is often
brought up). Opponents and elected officials in Haute-Savoie, on the other hand,
point out that their department already produces enough electricity via hydro-
electric power stations, which have much better yields. Finally, and more
generally, the economic model underlying cogeneration is usually criticized.
Opponents argue that electricity generation is about enriching businesses rather
than contributing to the evolution of local energy mixes towards more renew-
able energy.

5. Finally, many arguments attempt to discredit the companies involved: their
youth and lack of experience, their inability to present clear files at the time of
public enquiries, their quest for profits, etc. Many opponents argue that it would
be dangerous to leave risky projects in the hands of unknown companies. In this
context, locally based companies seem to be more protected from criticism, as is
visible in Alsace in the competition established between the local operator
Electricité de Strasbourg and the Aquitaine based Fonroche. In Haute-Savoie,
groups of elected officials argue that the geothermal energy projects (considered
as experimental) should be equally backed by the company, scientific labora-
tories and local authorities. Similar calls were made in Guadeloupe when the
Bouillante plant was handed over to the American group Ormat.

These arguments are made by organized collectives. Leadership sometimes
comes from residents’ associations, sometimes from elected officials or environ-
mental protection associations, who manage to mobilize citizens by various means:
organization of public meetings, publication of the municipal council’s or neigh-
bourhood councils’ deliberations, use of media platforms (blogs, local press or
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associative press). Citizens who are alerted and involved in this way are likely to
make a significant contribution to public enquiries. What’s more, their arguments
demonstrate a form of technical, economic and political expertise towards the
projects (Chavot et al. 2016). In these circumstances, the opposition thus formed
may seem legitimate and credible in the eyes of the investigating commissioners in
charge of the public inquiries: indeed, they come to a negative conclusion regarding
the project in three out of four consultations conducted in spring 2015 within the
Eurometropolis of Strasbourg,

These controversies have real implications for a project’s dynamic. In Alsace,
two projects that should have taken place in the Eurometropolis of Strasbourg
(EMS) have been abandoned by the operators. In Haute-Savoie, no action is taken
on applications for low and high temperature licences, which equates to a refusal by
local prefecture and supposedly the ministry of mining. However, the public inquiry
only has a consultative value. Thus, in Alsace, the prefecture invalidated the
investigator’s conclusions by deciding to publish a decree authorizing exploration
works on one of the contested projects. The arguments put forward to justify this
decision underline the project’s value to the community and towards energy tran-
sition. In this case, the prefecture has taken little account of the criticisms expressed.
It has considered them as expressions of individual interests or fears that could be
addressed through appropriate communication. Thus, monitoring committees have
been set up for this project as well as for two others who benefited from a
favourable prefectural decree in 2017.

2.3 Acceptability Surveys and Sociological Work
on the Public

Several types of studies have been carried out to have a better knowledge of the
inhabitants, mainly in Alsace. They involve either the companies or social science
researchers. The 2012 study on the “acceptability of risks related to deep
geothermal energy” around the Soultz-sous-Foréts power plant is one of the first of
its kind in France (Lagache 2012). The aim was for the ESG operator to understand
how the inhabitants perceive the nuisances or risks associated with the operation of
the plant. Indeed, until the hydraulic stimulation phase stopped in 2005, several
micro-seismic events of up to 2.9 amplitude on the Richter scale were felt by the
population. A quantitative survey was therefore carried out among the inhabitants
of the two villages surrounding the power plant. This survey was also thought of as
a moment of exchange and communication with the inhabitants. The latter obtained
information about the power plant through investigators or various didactic
materials.

On analysis, this survey gives the impression that the inhabitants are not both-
ered by the presence of the power plant. Noise (56.7%) and seismicity (55.7%) are
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the two most frequently cited “known nuisances”.>' But only 25.6% of the popu-
lation mention that the site’s activity could become troublesome, and 17.2% believe
they are at risk. However, the installation of a geothermal power plant near one’s
home does not seem to be widely accepted, since only a minority (32.2%) would
not mind it. In a publication (Lagache et al. 2013), the authors of the study point out
that the perception of geothermal energy is rather positive, while stressing that it
remains difficult to measure the acceptability of risk, since the latter would remain
subjective data. They also conclude from the survey that residents are little or
poorly informed. According to the authors, this is evidenced by the fact that the
inhabitants are not very sensitive to the site’s benefits (only 39.4% believe that the
site has an economic impact on the territory). It is therefore important, according to
the authors, to continuously inform the inhabitants so that they also become aware
of the benefits of deep geothermal energy. Further acceptability studies will soon be
carried out by operators in northern Alsace and near a planned site in the South
West of France.

In the spring of 2015, following criticism of geothermal projects in the
Eurometropolis of Strasbourg, the labex G-EAU-THERMIE Profonde of the
University of Strasbourg set up a working group on social sciences. A first research
project entitled «How to deal with a public inquiry? Views from residents and deep
geothermal projects stakeholders in Alsace» (ORAGEO) aims to study the public
enquiries and in particular to follow the progress of those organized in spring 2015.
Three corpuses are compiled and analysed. The first concerns all opinions and
documents produced in the course of the public inquiries and observations made at
the investigation sites. The second focuses on media discourses and the commu-
nication of the actors (daily regional press, blogs and documents from associations,
declarations and public meetings...). Finally, a series of qualitative interviews was
conducted with various stakeholders, whether or not they are engaged in the con-
troversy (industrialists, scientists, representatives from the associations, elected
officials, experts commissioned by the prefectural authorities, investigating com-
missioners, etc.).

Three important observations come out of this study. First of all, there is a
significant gap between the discourse on geothermal energy from the project pro-
moters and the way in which the inhabitants perceive these projects. The former
speaks of geothermal energy in very general terms, highlighting the objectives
pursued and its usefulness towards energy transition and building a local energy
mix. However, the inhabitants are first and foremost interested in the concrete and
local impacts of these projects on their territory, and in particular the risks and
benefits for their community.

Secondly, the views and arguments of each party are publicized very differently.
While the regional daily newspapers tend to follow local authorities and, to a lesser
extent, the project promoters in their communications, the associative press and
blogs are relays for the opposition. However, the information is not treated the same

2lCorrected data based on Lagache 2012.
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way in each of these media. On the one hand, the local news media talk about
geothermal energy according to classical journalistic standards, claiming “objec-
tivity”. On the other hand, blogs and the associative press claim to be a partisan
informant towards internet users or local residents and deliver content that is much
more in-depth and argued, and above all closer to the readers’ daily lives.

Thirdly, the organization of public enquiries plays a decisive role in the
dynamics of a controversy, but does not allow projects to be renegotiated. The files
submitted to the public enquiries by operators reveal well-defined projects. They
specify the location of boreholes, the measures taken to control risks, as well as the
possible impacts on the natural and human environment. The way in which these
files are made can only arouse support or rejection by the local residents. And
indeed, only a few citizens’ contributions are aimed at making the projects evolve,
with the notable exception of those coming from environmental protection asso-
ciations. Most are aimed at discrediting the projects. In this context, the part played
by the investigating commissioner may be crucial. Its role can be compared to that
of a gatekeeper (White 1964): it selects, preserves, and rejects elements and
arguments put forward by inhabitants, associations, elected officials and operators
to draw up its own subjective opinion. In the case of the contested Strasbourg
projects, the Commissioners rely heavily on citizens’ contributions, stressing that
the operators have not been able to provide sufficiently convincing and reassuring
information. Moreover, their negative conclusions took into account the social and
political context, notably the unfavourable social climate and the lack of commit-
ment from the Eurometropolis of Strasbourg towards these projects.

The involvement of the social science working group in a second project, which
is supported by the Labex, as well as in the European H2020 DESTRESS project,
allows it to address the issue of the perception of geothermal energy more broadly.
Researchers are now interested in the construction and circulation of views on deep
geothermal energy in urban and rural contexts. This research calls for a variety of
tools: exploratory interviews with the various stakeholders (industrialists, elected
representatives, associations, journalists); survey by questionnaires of opinions and
representations of deep geothermal energy in urban and rural areas; analysis of
media discourses (press, television, radio, blogs, communications from local and
regional authorities); organization of comprehensive interviews and focus groups
with local residents.

Four zones are investigated, three within the EMS and one in northern Alsace,
which correspond to locations where deep geothermal projects are being imple-
mented at different stages of development. Two geothermal projects are supported
by local operator ES and two others by its competitor Fonroche. This work makes it
possible to test different hypotheses in order to better understand changes in attitude
of the inhabitants towards geothermal energy:

e HI. The perception of the risks and benefits of geothermal energy varies
according to the way people experience and give meanings to their territory of
life.
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The most contested project is the one that was to be set up in a Seveso area,
while the inhabitants have been fighting for a long time to reduce the dangerousness
of the area. Conversely, there is very little opposition to geothermal energy in
northern Alsace, where pilot sites have been set up and new projects are being
defined. This is an area where many oil wells have been drilled in the past, and
residents and elected officials see the exploitation of underground resources as a real
source of economic development.

e H2. The way in which local authorities invest in the field of RES, notably
through their climate plan, plays an important role in adherence to deep
geothermal projects.

Thus, to the south of Strasbourg, a project currently being drilled appears to be
well integrated into local politics and there is little controversy, as with projects
located in Northern Alsace. This is not the case in Haute-Savoie, where the
exclusive licence to prospect application was rejected in part because the project
went against the framework of the community climate plan.

e H3. More generally, the local roots of a project influence how it is perceived by
the inhabitants.

Labex researchers distinguish between projects “anchored” in the territory, on
the one hand, which are the outcome of a long concerted maturation between
different actors, and “off-ground” or unrooted projects, on the other hand, elabo-
rated in favour of economic advantages and/or national political programs, often
ignoring the specificities of the local territory (Chavot et al. 2017). And it is very
often the unrooted projects that prove to be the most contested, as is visible in
Alsace and Haute-Savoie. This type of project is often viewed by people in terms of
costs and benefits: the local residents consider that the risks incurred are higher than
the benefits they could obtain from such projects.

As part of the DESTRESS project, the perception of geothermal energy is
studied in connection with two locally anchored projects and two off-ground
projects.

3 Conclusions

The national energy policy implemented in France since the beginning of 2010 has
undeniably favoured the development of geothermal energy. It has notably enabled
a renewal of district heating geothermal projects and assisted the first cogeneration
projects. The targets for 2020 set by ADEME and BRGM are as follows™:

22Source: http://www.geothermie-perspectives.fr/article/production-denergie-geothermique-en-
francet#chiffres-pac (accessed on 02/26/2018).
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Individual ground-source heat pumps: 7000 GWh
Intermediate geothermal energy (probe fields, groundwater heat pumps for
collective buildings and for tertiary use, thermoactive foundations, etc.):
2900 GWh

e Deep geothermal energy (heat networks): 5800 GWh

e FElectric geothermal energy: 80 MWe.

As we have seen, small and medium-scale projects have developed without
controversy. This is not the case for those aimed at cogeneration of heat and
electricity. The innovative and therefore potentially risky aspect of these deep
geothermal projects is more or less well accepted locally. In addition, these projects
involve state policy, local government policy and industrial interests. In this con-
text, local elected officials and citizens feel they have a say.

However, deep geothermal energy projects depend on the Mining Code, which
gives companies and the state full powers to exploit the wealth of the subsoil. Thus,
this type of regulation tends to encourage “off-ground” projects, since it is not
necessary, according to the Mining Code, to consult with local authorities ahead of
the projects. Nonetheless, citizens are consulted alongside the environmental code
since these projects are likely to have an impact on the environment or on the
quality of life of local residents. Thus, the implementation of deep geothermal
project generates a contradiction between the Mining Code and the Environmental
Code in terms of “local democracy”. And this contradiction is not without pro-
voking political dissents at the local level.

But the new energy policy tends also to encourage local and regional authorities
to draw up climate plans and develop a local energy mix, especially to supply heat
to district heating networks. Within this framework, a number of locally anchored
projects, based on cooperation between territorial and industrial authorities, have
emerged, as is the case in the south of Strasbourg. Projects in Northern Alsace are
also taking this form. Although these projects are not co-constructed with the
population, they do reflect local identities and generate little opposition.

The controversies that emerged in the 2010s reveal the tensions between the
imposition of off-ground projects and the dynamics already present at the local
level. The outcome of the controversy will depend on how the local and regional
authorities will be able to accommodate or not the projects initiated by industri-
alists. Thus, in Haute-Savoie, the projects were postponed due to unmanageable
opposition from local authorities and local residents. In Alsace, the Eurometropolis
of Strasbourg has opted to integrate off-ground projects into its energy policy.
However, the adherence of local residents to this policy is not yet guaranteed, and
controversy persists over certain projects.

The preliminary results of the social science studies carried out in Alsace show
that local residents want to influence their territory’s future, especially regarding the
issue of energy. In what spaces will they be able to express themselves and be
heard? An experiment is currently being carried out within the EMS: the public is
invited to contribute to the definition of the future 2030 Climate plan through their
participation in public meetings and online platform. Is this framework capable of
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fostering citizen participation? And will local residents most involved in the life or
defence of their territory recognize themselves in this type of device?
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Abstract Greece is a country with high geothermal energy potential; through the
research that started over 40 years ago, a significant number of geothermal fields
have been identified. Yet, its utilisation is rather limited, as it is exploited solely
through direct uses. This means that there is a total absence of power production
through geothermal energy, which to a great extent is due to the local societies’
opposition created by the bad experience of the Milos Island pilot power plant
(1970-80s). Deficiencies and errors made during construction and operation led to
environmental pollution, resulting to the strong reactions of the residents. This has
affected the attitude of local communities and authorities against the large scale
exploitation of high temperature deep geothermal resources (any use of geothermal
energy with heat extraction, for resources with temperatures above 90 °C) until
today in various areas; on the contrary, low temperature deep geothermal (any use
of geothermal energy with heat extraction, for resources with temperatures between
25 and 90 °C) utilization is perceived much more positively. Until now most
attempts made for the exploitation of geothermal fields are characterised by the lack
of local societies’ awareness, involvement and engagement. The conducted litera-
ture review shows that public attitudes and awareness are at a rather medium to low
level. Exploiting the large potential of geothermal energy requires increase of
awareness and improvement of the lost confidence of local societies towards high
temperature deep geothermal exploitation.
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1 Geographic, Demographic and Economic Information

Greece is a south-eastern European country, located at the southernmost end of the
Balkan Peninsula. It has common land boarders, from northwest to northeast, with
Albania, FYROM, Bulgaria and Turkey respectively. Greece is strategically located
at the crossroads of Europe, Asia, and Africa, at the east part of the Mediterranean
Sea. The country is a member of the European Union (1981), Eurozone (2001),
NATO (1952) and a founding member of United Nations (1945). It is a developed
country with a high per capita income, human development index and quality of
life. Administratively, Greece is separated into 7 decentralised administrations, 13
regions and 325 municipalities (Law 3852/2010). The population of Greece is
around 10,800,000 (Hellenic Statistical Authority 2011); nation’s capital and largest
city is Athens.

The Greek terrain is mainly mountainous or hilly; a big part is dry and rocky,
with only 20% of the land being arable. Greece is rich in mineral resources; it is a
leading country in the European and international market in products such as lignite
(EURACOAL 2016), bauxite, alumina, aluminium, nickel, magnesite, caustic
magnesia, bentonite, perlite, pumice stone, attapulgite, huntite and marble [Ministry
of Environment and Energy n.d. (a)]. Gold, copper (Tsirampidis and Filippidis
2013) and rare earth elements can be also found (Melfos and Voudouris 2012). Oil
is extracted from the Kavala-Thassos area (Tsirampidis and Filippidis 2013), while
explorations for extraction are being carried out in Western Greece and south of
Crete (Ministerial Decree A1/A/12892/2014).

The Greek climate can be described as a Mediterranean type temperate climate,
characterised by mild wet winters and hot dry summers. The country’s climate can
be divided into four main categories, namely: wet Mediterranean, dry
Mediterranean, continental and mountainous.

Greece can be characterised as a medium power, due to its geostrategic
importance, remarkable shipping sector, large tourism industry and unique cultural
heritage; it is the largest economy in the Balkans and serves as an important
regional investor. Greece has a mixed capitalist economy, which is based on the
service sector (80.9%), followed by the industry (15%) and the agriculture sector
(4.1%) (GDP 2016 estimates) [Central Intelligence Agency n.d. (b)]. Shipping and
tourism are the most important sectors of the Greek economy, while the largest
industries are food and tobacco processing, textiles, chemicals, metal products,
mining and petroleum [Central Intelligence Agency n.d. (a)].

The Greek economy had an average growth of about 4% per year between 2003
and 2007. Since the end of 2009 Greece has been facing an economic recession,
due to the world financial crisis, tightening credit conditions, and failure to address
a growing budget deficit. Ever since, the country has signed three bailout agree-
ments with the European Commission (EC), the European Central Bank (ECB), the
International Monetary Fund (IMF) and the European Stability Mechanism (ESM).
The bailout agreements came along with rigorous austerity, in order to control
government spending; this policy has led to economic recession and high levels of
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unemployment. By 2013 the economy had contracted 26%, compared with the
pre-crisis level of 2007. In 2016 Greece experienced a slight improvement in GDP
and unemployment; however, the economy remains in stagnation due to incomplete
economic reforms, the massive loan problem and continuing political uncertainty
[Central Intelligence Agency n.d. (a)]. Major challenges of the Greek economy are
the reduction of unemployment, facing productivity deficiencies, reforming social
security, correcting the tax system, tackling tax evasion [some estimates put
Greece’s shadow economy at 20-25% of GDP (Schneider 2015)] and the mini-
mization of bureaucratic imperfections.

1.1 Energy Statistics

The energy mix of Greece differs from the average of EU2S, as there is a much
higher use of oil and solid fuels, a lower use of natural gas, while no nuclear plants
exist; the share of RES (Renewable Energy Sources) continuously increases during
the last years. Primary production of energy in Greece during 2014 was 17.4 Mtoe,
ie. 1.6 toe/inhabitant (EU’s average was 1.7 toe/inhabitant). In order to satisfy
demand, Greece is reliant on primary energy imports; in 2014 net primary energy
imports were 17.4 Mtoe. The energy dependence in 2014 was 66.2% (EU’s average
was 53.5%), being rather steady during the decade 2005-2014 (between 62.2 and
73.3%). Gross inland energy consumption in Greece in 2014 was 24.4 Mtoe, almost
30% lower than in 2010 and about the same level as 1995. Final energy con-
sumption in Greece in 2014 was 15.6 Mtoe; it had been increasing slowly since
1990, peaked around 2005, and since then has been decreasing. The 2014 value is
about 25% lower than the 2005 one. The structure of final energy consumption in
2014 by sector shows that 42% of energy was consumed for transport, 38% by
households, trade, services, etc. and 20% by the industry. The impacts of the
economic crisis are visible through the energy imports and energy consumption
indicators, as the values are lower after 2009, compared to the pre-crisis period
(Eurostat 2016).

The primary production of renewable energy in Greece for 2014 was 2.4 million
toe; the proportion of produced renewable energy increased by 48% between 2004
and 2014. The most important RES was biomass and waste, accounting for 47.1%
of primary renewable production in 2014. Solar energy (22.2%) was in the second
place, followed by hydropower (16.5%) and wind energy (13.6%); geothermal
energy (0.5%) accounted for a very small portion of primary renewable production.
RES accounted for 10% of Greece’s gross inland energy consumption in 2014
(biomass and renewable wastes, 5%; solar, 2.1%; hydropower, 1.6%; wind 1.3%).
The share of renewables in gross final energy consumption was 15.3% for Greece in
2014, with the country’s 2020 target being set at 18% (heating & cooling target set
at 20%, electricity at 40% and transport at 10%) [Eurostat 2017; Ministry of
Environment and Energy n.d. (b)].
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Based on the same year’s data, electricity generated from RES was 21.9% of the
country’s gross electricity consumption (EU’s average was 27.5%). The increase in
the percentage of electricity generated from RES between 2004 and 2014 is over
180%. This is mainly due to the large increase of PV and wind farm installations
(Eurostat 2017). The share of RES in heating and cooling in Greece was 26.9% in
2014, with the EU-28 average being 17.7% (Eurostat 2016). The percentage of RES
in transport fuel consumption in Greece was 1.3% in 2014, with the EU-28 average
being 6.5% (Eurostat 2017).

1.2 Geological Background of Greece

Greece is a natural geological laboratory, which enables the understanding of the
current geodynamic process of the Greek arc (including earthquakes, volcanoes,
coastal movements, existence of faults and fracturing of rocks and other geological
processes). The country presents a complex geological structure with a wide variety
of geological formations, as a result of its complex geological history and evolution.
Geotectonically, Greece is part of the southern edge of the Euroasiatic plate which
has been fragmented due to the process that is taking place in the south Aegean,
where the African plate is sliding under the European plate.

The Greek territory is characterized by high levels of heat flow (more than
80 mW/m?), especially in the internal Hellenides (sedimentary basins of north-
eastern Greece) and Aegean Sea, due to active tectonic and volcanic activity. The
strong tectonic and volcanic activity has caused the appropriate geological condi-
tions for thermal energy agglomeration, which is characterized as hydrothermal
systems of low and high temperature geothermal fields (Fytikas et al. 2005).

High temperature geothermal fields are located along the Southern Aegean
volcanic arc (Milos and Nisyros Islands), where low temperature geothermal fields
are correlated with grabens (Central Aegean) and post-orogenic sedimentary
molassic basins (southern boundaries of the Rhodope and Servo-Macedonian
Massifs) (Fytikas et al. 2005). The deep water circulation along the faults in grabens
has created a large number of low temperature fields (e.g. Easter Macedonia and
Thrace, Chios Island, Euboea, Central Greece) in the whole country (Arvanitis
2011) (Fig. 1).

1.3 Geothermal Fields in Greece

The geological conditions in Greece have generally contributed to the creation of a
significant number of geothermal fields, characterizing the country as one of the
most favoured ones’ in terms of geothermal potential.
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Fig. 1 Main geotectonic
structures in Greece
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Geothermal energy is distinguished depending on temperature fluids in (a) high
temperature (>90 °C), (b) low temperature (25-90 °C) and (c) shallow geothermal
(<25 °C), according to Greek Law 3175/2003.

Until now, more than 55 geothermal fields have been identified in total.
According to their geographical characteristics, the geothermal fields in Greece are
quite scattered and their distribution density differs due to different geological
conditions in each region. The large number of geothermal fields in Macedonia,
Thrace and the Aegean Islands (Fig. 2) should be noticed. In at least 50 geothermal
fields the fluids’ temperatures range from 25 to 90 °C, mainly in depths <500 m;
their potential has been estimated to 1,000 MW'th, although until now only 9% of it
is being exploited (Papachristou et al. 2016). In more than 5 of the geothermal fields
the fluids’ temperatures range from 90 to 125 °C, while in two fields, the tem-
perature is higher than 150 °C; 325 °C in Milos Island and 400 °C in Nisyros
Island (Fig. 2), which are the most important high temperature deep geothermal
systems in Greece. The proven geothermal potential of Milos and Nisyros Islands is
over 30 MWe, while it is estimated that it can reach even a level of 230 MWe
(Papachristou et al. 2016).

Geothermal energy is exploited in Greece exclusively through direct uses, in
thermal spas, greenhouses, soil heating, fish farming, aquaculture, agricultural
products drying and GSHPs (Ground Source Heat Pumps); most geothermal
applications, with the exception of thermal spas, are located in northern Greece. The
total installed capacity of geothermal applications in mid-2016 was 232 MWth,
with GSHPs accounting for 64%, thermal spas for 18% and greenhouse heating for
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Fig. 2 Geographical distribution of geothermal fields

14.5% of this capacity. During the last years, the Greek geothermal market has
grown mainly due to the increase of GSHP system installations (Papachristou et al.
2016).

1.4 Stakeholders Involved in the Geothermal Sector

All high and low temperature geothermal fields in Greece belong to the state. The
Ministry of Environment and Energy, assisted by the Institute of Geology &
Mineral Exploration, is responsible for the exploration of all geothermal fields.
Concerning exploitation permissions, the Ministry of Environment and Energy is
responsible for the high temperature deep geothermal resources, while the
Secretary-General of the corresponding decentralised administration is responsible
for the possible and proven low temperature deep geothermal resources. Either
public or private bodies can exploit high and low temperature geothermal fields
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through a lease for a specific period of time; in order to do so, a tender process is
necessary. The tender procedure is initiated either by the state’s plans for devel-
oping a field, or by the interest of a specific public or private body.

The permission procedures for utilizing shallow geothermal energy are simpler,
as long as the application is not located within a proven or possible geothermal
field. The permission is provided by the corresponding administrative region. There
are several companies active in the GSHPs sector, offering drilling, installation and
design services; there are also a small number of heat pump manufacturers.

Most of the proven geothermal fields with temperatures higher than 100 °C have
been granted to Public Power Corporation Renewables S.A. for the construction of
small (5-8 MWe) power plants; these fields are the ones of Milos-Kimolos-
Polyaigos, Nisyros-Kos and Lesvos Islands, as well as Methana.

An international tender process was performed in 2011, for the exploration of
high temperatures for the geothermal fields of Chios Island, Samothraki Island,
Evros River Delta and Nestos River Delta. The fields were assigned to
TERNA ENERGY S.A.—ITA, while the other companies participating in the
tender were ENEL S.A., ORMAT, Hellenic Geothermal Holdings Corp., Public
Power Corporation Renewables S.A. and Aegean Energy S.A. Until now, no
progress has been made regarding the exploration of the fields, as the company
withdrew from the project.

Concerning other stakeholders involved in geothermal activities, the Institute of
Geology & Mineral Exploration contributes to the research and estimation of
geothermal resources and their sustainable management. The Center for Renewable
Energy Sources and Saving, which is the national centre for RES, rational use of
energy and energy saving, also assists to the development of geothermal energy
through research projects, the conduction of workshops, seminars, feasibility
studies and other services (e.g. Thermal Response Tests).

2 Public Engagement Activities/Social Acceptance
Assessment in Greece

2.1 Review of Social Science Studies on Geothermal
and Other Renewable Energies

The literature review on social studies concerning geothermal energy -including
public knowledge, acceptance and attitudes- revealed that there is a very small
number of social studies focusing exclusively on geothermal energy; these studies
are presented in Sect. 2.2. However, individual findings related to social issues of
geothermal energy have been identified in studies and reports dealing either with
RES in general, or with specific RES such as solar and wind energy—two energy
sources rather popular in Greece. Based on the findings of these studies (Table 1), it
is clearly indicated that knowledge, awareness and positive attitudes towards
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geothermal energy in Greece can be characterised as average to low. People are
much more favourable of energy sources such as solar and wind power, with
geothermal energy and its applications being one of the least preferred RES.

2.2 Social Studies Focusing on Geothermal Energy

2.2.1 Desalination Plant in Milos Island

A study investigating local residents’ views and opinions on the effects of the
construction of a desalination plant—basing its operation on geothermal energy—
on Milos Island was released in 2004. A survey involving key informants from
local government, state agencies, trade unions, social agencies and developmental
policy-making agencies was conducted in 2000, leading to the collection of 100
responses. All respondents knew quite well the different geothermal fields that have
been recorded on the island. The participants were quite cautious, even negative,
regarding the exploitation of geothermal energy—in particular high temperature
deep geothermal energy. This is due to the negative experience that Milos had with
the geothermal pilot power plant that operated during the 1980s and caused great
ecological impact to the local environment, extensive air pollution and soil con-
tamination. According to the respondents, the most preferable energy needs that
could be covered by geothermal energy are, in descending order, drinking water,
irrigation, heating/cooling of buildings, development of winter tourism and pro-
duction of electric energy (Manologlou et al. 2004).

2.2.2 Geothermal Development in Milos and Nisyros Islands

A social survey investigating the attitudes of Milos and Nisyros Islands’ residents
towards geothermal energy was conducted during 2004 (Polyzou 2007; Polyzou
and Stamataki 2010); 250 and 90 responses were collected respectively from the
two islands. Aim of the survey was to record and analyse the local societies’
opinions regarding geothermal energy development, in order to identify the main
factors that cause reactions against geothermal energy and to highlight the basic
axes of the interventions that should be applied. The majority of Milos
(M = 86.8%) and Nisyros (N = 95%) residents knew what geothermal energy is.
Main source of information and knowledge was personal experience (M = 79%,
N = 72%), while the effect of the imprint and electronic mass media was negligible,
confirming the absence of state policy and interest to inform the public and to
promote awareness intervention activities.

The vast majority in Milos (82.5%) believed that geothermal energy is a pol-
luting activity. Tourism-related occupation was not found to be related to higher
levels of environmental sensitivity. In Nisyros the situation was slightly different, as
less (68.2%) respondents believed that exploitation of geothermal energy had an
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environmental impact. Respondents with an occupation related to tourism appeared
to be more sensitive in terms of environmental concerns. In both areas, and based
on personal experiences, air (M = 81%, N = 98%) and ground/water pollution were
considered to create the main environmental impacts. In both islands, the economic
activities that seemed to be most affected were those related to agriculture and
fishing activities, while tourist activities appeared to be less affected.

In relation to the potential uses of geothermal energy, the public selected as most
important those reflecting its everyday needs, i.e. power production and desalina-
tion. It should be mentioned that in Nisyros, these two options were the only
answers provided. The fact that applications of geothermal energy in agriculture,
fishery and tourism were not considered as possible choices may lead to the con-
clusion that in both local societies there was little knowledge of the multiple and
combined uses of geothermal energy, and especially of low temperature deep
geothermal energy. In Milos, a high percentage (73%) was in favour of the
exploitation of the island’s geothermal potential. The speculations about environ-
mental impacts didn’t seem to affect the receptivity for the development of the
island. On the contrary, in Nisyros the public was divided (positive opin-
ion = 51.1%, negative opinion = 48.9%). Environmental pollution and impact on
the residents’ health seemed to be the main reasons for the opposition on the
implementation of investment plans for the development of geothermal energy in
both islands. However, it should be mentioned that a significant part of Nisyros
local society was negative without any justification. The majority of the public in
both islands believed that a geothermal project would not be properly constructed,
reflecting the lack of trust towards the State and its representatives, as well as
towards the project operation’s monitoring and control means.

2.2.3 Power Production in Lesvos Island

Another study that largely concerns geothermal energy was published in 2013,
aiming on the investigation of individual preferences and social values towards
specific RES technologies in Lesvos Island. Face-to-face personal interviews with
permanent households were performed, with 312 responses being collected between
July and September 2010. The survey’s results indicate that 9% of the respondents
selected geothermal energy as the appropriate solution for a 10% substitution of
oil-fired electricity production in Lesvos, ranking it last between four different
technologies (the alternative three being onshore wind energy, offshore wind energy
and PV energy). The percentage in favour of geothermal energy was higher in the
area of Polychnitos (33.3%), due to the respondents’ knowledge of the existing
geothermal potential in the area. Respondents selecting geothermal energy were
characterised by high income and their satisfaction with their involvement in the
decision-making process. State and municipal companies were preferred for the
implementation of geothermal energy projects; the impacts of climate change were
not a decisive factor for the selection of geothermal energy. The willingness to pay
analysis showed that respondents were willing to pay the highest amount (among
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the four technologies) for substituting 10% of the electricity produced by fossil
fuels with geothermal energy (Kontogianni et al. 2013).

2.2.4 Knowledge and Attitude Towards GSHPs

A social study including two different surveys was performed during 2011-2012,
and concerned knowledge and attitudes on geothermal energy in general, and
residential GSHP systems in specific. The first survey involved 203 residents of
northeast Attica and was conducted through face-to-face questionnaires; the second
survey used an electronically distributed questionnaire and involved consumers in
general, with no restrictions in the area of residence; 533 responses were collected
in this case. In the first case, 42% stated that knew geothermal energy, 35% knew
that geothermal energy can be used for residential heating/cooling, 21% had heard
of GSHP systems and 18% that GSHPs can be used for residential heating/cooling;
in the second survey the corresponding results were 71% (geothermal energy
ranked 3rd among 8 different RES), 56, 35 and 29% respectively. The knowledge
levels were higher in the second case, due to the characteristics of the sample
(younger, higher education). In both cases, around 7.5% of the respondents had
considered installing a GSHP system in their residence. Factors affecting public’s
knowledge on the issues that were under examination, as well as intention of
installing a residential GSHP system, were gender, age, level of education,
employment, income, environmentally friendly behaviour, awareness of environ-
mental issues, adoption of new technologies and the relevance of profession or
interests with the environment, technology or engineering. In addition, the intention
of installing such a system was affected by factors related to dwelling characteristics
and factors associated with behaviour and consumer attitudes and preferences
towards specific characteristics of heating systems. The study also included a third
survey examining the views of people involved in the GSHP sector, regarding
existing and future adoption level of residential GSHP systems, dissemination
barriers and actions that can contribute to their diffusion; the survey was conducted
in 2012, using both face-to-face questionnaires and electronically distributed ones.
Among the main findings -based on 181 responses- of this survey was that one of
the most important diffusion barriers of residential GSHPs is the lack of public
awareness on the GSHP technology and its benefits (Karytsas 2016; Karytsas and
Choropanitis 2017; Karytsas and Theodoropoulou 2014a, b).

2.3 Public Engagement Exercises

Until now, only a small number of relevant activities have been performed aiming
to raise awareness of the local societies and stakeholders. These activities are
limited to the organization of workshops, info days, public’s visits to geothermal
applications (e.g. greenhouses), etc. These activities aim usually to specific
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target-groups (local authorities, installers, manufacturers, engineers, etc.), while it is
less common to focus on the local societies. They take place usually in areas of
geothermal application interest (e.g. Milos, Nigrita), however it is not unusual to
have such events organised in locations where deep geothermal potential does not
exist (e.g. Athens) in order to inform a wider group of stakeholders. Talking about
awareness activities specifically conducted in Milos Island, a workshop was
organised concerning the future geothermal development in the island in 2008,
20 years after the local society reactions against the pilot power production plant.

2.4 Cases of Controversy

2.4.1 Milos Island

Milos is a volcanic island in the Aegean Sea. It is located at the northwest edge of
Cyclades complex and is 86 nautical miles away from Piraeus. Milos covers a land
area of 151 km? and is the fifth in size island of the complex. The total population
of the island is 4,966 (National Statistical Service of Greece, 2011). The capital of
Milos is Plaka and the largest port is Adamantas. Geologically, it belongs to the
Attico-Cycladic massif, along with the entire Cycladic complex. It is located in the
“Southern Aegean volcanic arc”, where the European and African lithospheric
plates converge, thus releasing large amounts of heat into the earth’s crust.

Geothermal research in Milos Island started in 1973 as part of the Institute of
Geology & Mineral Exploration (IGME) geothermal project. High (325 °C) and
low (25-90 °C) temperature deep geothermal resources have been identified in the
island. After the identification of the high geothermal potential of Milos Island, the
Public Power Corporation (PPC) started the construction of a pilot power plant
aiming to the power production for the island and the wider Cyclades complex. The
main drillings were carried out in the area of Zephyria in 1982, very close to the
largest city of the island, Adamantas, where tourism development had just begun.
The negative experience of the residents due to existing industrial facilities (most of
the island had already been affected by local mining activity), had as a result the
strong reaction of the local society to the pilot power plant, with the simple slogan
“no way!” (Polyzou 2007). In addition, mining enterprises based on the island were
opposed to geothermal development, believing that it would create problems to
their activities (Koutroupis 1992).

Furthermore, deficiencies and errors made during the construction and operation
phases of the pilot power plant led to (a) air pollution due to the uncontrolled
leakage of hydrogen sulphide and other hazardous gases from the drilling, (b) sur-
face waters pollution (rain water and water reservoirs) with arsenic and sulphate
ions and (c) the disposal of large quantities of liquids and solid wastes in the bay of
Agia Kyriaki. This situation created additional reactions to the already negative
opinion of the local society (Polyzou 2007).
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The result of the effects mentioned above was the strong reactions of the local
society, with protests and strikes, for about two years (1987-1989) leading to the
closure of the pilot plant. In 1993, the walls of one of the geothermal drillings were
disrupted leading to the uncontrolled spewing of large quantities of geothermal
fluid, where heavy metal compounds, hydrogen sulphide and arsenic compounds
were detected. After some months the well was sealed with the assistance of Italian
specialists (Polyzou 2007).

Until now, about 40 years later, the negative reactions of the residents have not
been resolved. The residents are still against the development of high temperature
deep geothermal resources, while they believe that the state will try to overpass the
local society’s opinion. In addition, they still oppose to the participation of PPC
Renewable S.A. in any exploitation of geothermal energy in the island. On the other
hand, the island’s municipality has made plans for the use of low temperature deep
geothermal resources, which has the approval of the majority of the locals.

2.4.2 Nisyros Island

Nisyros is a volcanic island in the south-eastern Aegean Sea. It is part of the
Dodecanese group of islands, situated between the islands of Kos and Tilos.
Nisyros covers a land area of 42 km”. The total population of the island is 982
(National Statistical Service of Greece, 2011). The capital of Nisyros is Mandraki,
which is also its port. Geologically, it belongs to the Attico-Cycladic massif and is
located in the “Southern Aegean volcanic arc”. The island is composed of volcanic
rock formations, with swelled elevations that were formed by previous volcanic
activities.

Geothermal research in Nisyros Island started in 1973 as part of the Institute of
Geology & Mineral Exploration geothermal project. High (400 °C) and low
(25-90 °C) temperature deep geothermal resources have been identified in the
island. In 1982 the PPC proposed the construction of a power plant in order to solve
the problems of electricity supply for both Nisyros Island and its neighbouring
island, Kos. In 1983, two drillings were constructed in the area of the volcano
caldera, which is the main tourist attraction of the island (Polyzou 2007).

The residents reacted to the power plant construction. The aim of all objections
and the negative opinion of a large portion of the local society were about the
protection of the environment (air and water pollution) in combination with the
possibility of seismic and/or volcanic activity by disturbing the balance of the
volcano. The experience of the test drilling on the island, in addition to the bad
example created by the Milos Island case, led the residents to express their oppo-
sition to any thought of exploiting geothermal potential of the island by a refer-
endum held in May 1997 (Polyzou 2007) (Fig. 3).

Until today, there are reactions from the local community and authorities against
the development of high temperature deep geothermal energy for power production.
On the other hand, they are positive on the utilization of low temperature
geothermal fields that would provide drinking and arable water, space heating/
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Fig. 3 Protest against geothermal development in Nisyros Island, banner sign: “NO TO THE

GEOTHERMAL POWER PLANT”. Reproduced by kind permission of Nisyrian Studies’ Society
(n.d.)

cooling and domestic hot water. Locals believe that they are not informed and their
opinion does not matter concerning the exploitation of geothermal energy, they do
not trust PPC Renewable for the construction of such a power plant, while the small
size of the island and its characterization as a Natura 2000" area are other reasons
that lead to their negative attitudes. Their reactions are accompanied with actions
such as residents’ and politicians’ awareness, dissemination activities concerning
the arguments against the construction of a geothermal power plant and various
other activities (meetings, protests, etc.). A phrase showing their position is:
“We don’t want and we will not allow the construction of any geothermal power
plant in Nisyros Island”.

Nevertheless, the Municipality of Nisyros has very recently re-examined its
policy against the utilization of geothermal energy and is investigating the
possibility of low temperature deep geothermal applications in Nisyros covering
thermal MED (Multiple-Effect Distillation) seawater desalination, ORC (Organic
Rankine Cycle) geothermal power production, greenhouses and public building
heating.

2.4.3 Kimolos Island

Kimolos is a volcanic island in the Aegean Sea. It is located at the northwest edge
of Cyclades complex, near to Milos and Poliaigos Islands, and is 86 nautical miles
away from Piraeus. Kimolos covers a land area of 37 km?. The total population of
the island is 910 (National Statistical Service of Greece, 2011). The capital of

! According to the European Commission (n.d.): “Natura 2000 is a network of core breeding and
resting sites for rare and threatened species, and some rare natural habitat types which are protected
in their own right. It stretches across all 28 EU countries, both on land and at sea. The aim of the
network is to ensure the long-term survival of Europe’s most valuable and threatened species and
habitats, listed under both the Birds Directive and the Habitats Directive.”
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Kimolos is Chorio and its port is Psathi. Geologically, it belongs to the
Attico-Cycladic massif, along with the entire Cycladic complex and is located in the
“Southern Aegean volcanic arc”.

After 1982, PPC carried out a preliminary geothermal survey in Kimolos, dril-
ling eight wells at depths of 100 m. Later on, two geothermal wells were drilled by
IGME for the operation of a geothermal seawater desalination plant. During 2009—
10 a new Geophysical Research Program was implemented in the island, and new
possible locations for drillings were found.

In 2014 PPC Renewables S.A. started planning the construction of a 5 MW
power plant in the island. This led to the reaction of the local society and author-
ities, which were affected by the previous experience of Milos Island. Both resi-
dents and local authorities believe that PPC Renewables S.A. wanted to proceed
with the development without having informed them and without their agreement.

3 Results and Discussion

Although Greece has a significant number of deep geothermal resources, the uti-
lization of geothermal energy is quite limited; it is exploited exclusively through
thermal applications (thermal spas, agricultural sector, GSHPs), meaning that there
is no power production at all. Main reasons for the delay of geothermal resources
development in Greece are:

local societies’ oppositions, especially against power production;

inadequate regulatory framework and bureaucratic barriers;

lack of financial capital;

absence of financial/investment incentives (e.g. for covering geological risk);
required infrastructure and installation cost of geothermal projects;

absence of strategic planning for the rational exploitation of geothermal energy.

One of the main reasons for local societies’ opposition against geothermal power
production is the bad experience created by the Milos Island pilot power plant case.
During the 1980s, deficiencies and errors made during the construction and oper-
ation phases of the newly constructed—by PPC—ypilot power plant led to air,
surface and water pollution, resulting to the strong reactions of the residents. The
power plant was closed only two years after its first operation. Until today, the
geothermal power generation in Greece is being affected by the negative outcome
of the Milos case. There are still reactions from the local communities and
authorities of Milos, Nisyros and Kimolos Islands against a large scale exploitation
of high temperature deep geothermal resources, while there is no such opposition
against low temperature deep geothermal utilization. The locals are sceptical against
both the state and the PPC Renewable S.A., as they believe that their opinion does
not matter, while they do not feel confident that any issues created by high tem-
perature deep geothermal development will be treated properly.
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Local communities’ oppositions can derive from (a) lack of awareness, (b) per-
ceptions of negative impacts, (c) absence of benefits, (d) lack of trust and (e) unfair
development procedures. In this context, there are two factors affecting the con-
ditions that create oppositions, which are characteristic for the case of Greece:
existence of micropolitical interests and population peculiarities of the islands.
Concerning micropolitical interest, it is identified that local authorities in many
cases form their attitude towards any issue, depending on how they believe this
attitude will affect their local power. For example, if the governing local authority
supports the installation of a RES project, then the opposing political party will very
possibly show great opposition, aiming to retain—or even increase—its power
within the local community. In addition, if a local authority identifies a negative
predisposition from a part of the locals towards a RES project, it is possible that it
will try to benefit from it, by also openly adopting a negative attitude (Maraidonis
2008).

In regards to the population characteristic of the islands, that may affect the level
of opposition towards geothermal development, it should be noted that in many
cases people don’t live all year around on the islands, but mainly reside on them
during the summer; also, it is not uncommon for people only having real estate
property on the islands, and rarely visiting them. All these people are not permanent
residents, but however have a saying concerning the local issues. This can create a
challenging condition in terms of acceptance of geothermal developments, since
these people usually give much higher importance to the potential negative effects
(e.g. aesthetic degradation of the local environment that can negatively affect the
quality of their summer destination or their property), compared to possible benefits
(e.g. economic development, business opportunities, job creation) that usually have
low value for them.

In all attempts of exploitation of geothermal fields there is a gap of local
communities’ awareness, involvement and engagement. In this context a literature
review on social studies is conducted, focusing on the themes of public knowledge,
acceptance and attitudes towards geothermal energy. Only a small number of
studies focuses exclusively on geothermal energy, while most identified studies aim
on RES in general, or on sources such as solar and wind energy (both quite popular
in Greece). Based on the findings, it can be concluded that knowledge, awareness
and attitudes on geothermal energy in Greece are at a medium to low level. The
studies show that people are much more aware and favourable towards solar and
wind energy, while geothermal energy is one of the least favourite RES.

In addition, there seems to be a lack of awareness activities as, until now, only a
small number of activities have been performed aiming to raise awareness of the
local societies and stakeholders. These activities have to do mainly with the
organization of workshops, info days and public’s visits to geothermal applications
(e.g. greenhouses).

However, specific advancements are currently occurring in regard to the
exploitation of geothermal energy in Greece. The Municipality of Alexandroupolis
(in Thrace) has received a license to exploit the low temperature deep geothermal
resources of Aristino-Traianoupolis field, in order to create a district heating system



142 S. Karytsas et al.

and greenhouse heating network. This makes the Municipality of Alexandroupolis
the first owner of a low temperature geothermal field license in Greece to receive
permit from the Regulatory Authority for Energy of Greece (RAE) to distribute
geothermal energy as a producer through a district heating system to end-users.
Furthermore, the new law on Energy Communities which gives the opportunity to
citizens, local authorities and private or public legal entities to produce, distribute
and supply energy, can assist the further promotion of geothermal energy in Greece.

In order to increase social acceptance, actions have to be taken both from the part
of the state and the developing companies. The state must promote policies and
regulations that will ensure the avoidance of any negative impacts (e.g. environ-
mental, health) and the provision of benefits (e.g. economic) for the local societies.
In addition, awareness activities should be introduced, focusing specifically on
geothermal energy, as well as on RES in general. From the part of the developers, it
is important to follow a strategy that will lead to the engagement of the local
society, minimization of potential negative impacts and provision of benefits to the
locals.

4 Conclusions

Geothermal energy, despite its large potential, is under-utilised in Greece. It is
exploited exclusively through direct uses (thermal spas, greenhouses, GSHPs, etc.),
while power production is totally absent. One of the main reasons for the delay of
deep geothermal resources development for power production is local societies’
oppositions, which derives from the bad experience created by the Milos Island
power plant during the 1970-80s. This experience affects until today the attitudes of
local communities and authorities (Milos, Nisyros and Kimolos Islands) against the
large scale exploitation of high temperature deep geothermal resources. On the
other hand, there are no such oppositions towards low temperature deep geothermal
utilization. In all attempts made for exploitation of the geothermal resources there is
a gap of local societies’ awareness, involvement and engagement, a fact that con-
tributes to public reactions towards geothermal development, especially concerning
high temperature fields. Moreover, the conducted literature review shows that
public attitudes and awareness are at a rather medium to low level. In order to
achieve future penetration into the energy mix of the country, it is really important
to increase awareness on geothermal development and improve the lost confidence
of local societies towards high temperature deep geothermal exploitation.
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Abstract Harnessing geothermal water was an unlikely way to take on a pressing
problem in Iceland: substitute oil and coal in the late thirties. As a reaction to the oil
crisis in the 1970s, measures were taken by national authorities to substitute
unsustainable energy. The transition was a success. The space heating system was
and is based on a system for extracting and distributing geothermal water which had
been strengthened in the early sixties and for the most part a fully publicly financed
endeavour. In the turn of the century, as a part of the surge of privatisation in the
neighbouring countries and the importance of competition, measures were taken to
build technologically advanced large-scale geothermal power plants which turned
to be a showcase of advanced technical knowledge but a financial disaster. In recent
decades the diverging understanding of geothermal water as an energy source
versus the embeddedness of the varied use of geothermal water is becoming ever
more apparent and a pressing policy issue. Focus on sustainability, new techno-
logical solutions, such as smart micro-grids, and increased tourism are more
compatible with the varied and embedded use of geothermal water as opposed to
using geothermal resources to produce energy as a part of a large-scale techno-
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1 Introduction

The wide-ranging and varied use of geothermal energy is a vital part of everyday
life in modern Iceland. Despite being used for washing and bathing since the
country’s settlement in the 9th century, geothermal water was not used for industrial
purposes or space heating until the end of the 19th century and the beginning of the
20th century. Distributed heating systems were introduced in the 1930s and were
slowly expanding until the 1970s, but as a reaction to the oil crisis in the 1970s
measures were taken to substitute fossil fuels with geothermal energy mainly by
strengthening the already existing heat distribution system. The transition was swift
and successful. In fifteen years, from 1970 to 1985, the use of oil for space heating
went from 50 to 5% (National Energy Authority 2016).

Beginning in the 1970s, geothermal energy was being converted to electricity as
a part of the process of harnessing overheated geothermal steam for heating. At the
turn of the century advanced large-scale geothermal power plants were being built
as components in a country wide system of electricity generation and distribution
mainly serving heavy industry, such as aluminium smelting. In 2011 40% of
geothermal energy use in Iceland was for space heating and 45% for electricity. The
remaining 15% were used for industrial use of heat (e.g. fish farming and green-
houses), swimming pools, and snow melting (National Energy Authority 2018b).

In recent years the use of geothermal energy for the production of electricity on a
large scale has become controversial. Originally perceived as a by-product in dis-
tributed heating systems based on high temperature wells it became perceived as a
new primary energy source that could sustain the effort to expand electricity pro-
duction for large scale industrial production once the major sources of hydraulic
power were depleted. In the process, public utilities—who had built unique tech-
nical competences in harnessing geothermal energy for space heating and electricity
production—were redefined as profit-optimizing firms to take advantage of new
business opportunities both in Iceland and abroad. The economic meltdown in 2008
disrupted the process and revealed the enormous financial risks involved.
Furthermore, the privatization of public utilities was increasingly being questioned
as well as the sustainability of the large-scale utilization of geothermal energy.

In this chapter the aim is to describe the development of the wide ranging and
varied use of geothermal energy in Iceland and the controversies about its future
development. Using the social construction of technology (Bijker et al. 2012) as our
point of departure we describe how the utilization of geothermal energy has been
guided by two different and conflicting paradigms. Originally, the construction of
geothermal system was a local public undertaking out of necessity. The systems
were based on direct use of low temperature geothermal water for hygiene, space
heating, and greenhouses. As these systems expanded the depth and the temperature
of the geothermal wells increased which provided opportunities for electricity
generation as a by-product of producing geothermal water for heating and other
purposes. Subsequently, a new paradigm emerged for the utilization of geothermal
energy. Instead of local systems focused on diverse means of local use of
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geothermal water for civilian and industrial heating purposes the systems were seen
as providers of generic energy to a national electrical super-grid. While the bulk of
the energy was provided to large-scale industrial production the existence of an
extensive national grid was expected to reduce the risk of power failures and
provide cost effective electricity to regions where harnessing geothermal resources
had not been seen as technically or economically feasible. Critical views of the
sustainability of large-scale geothermal electricity production together with
advances in technologies for local harnessing of low temperature geothermal energy
and flexible electricity production and distribution (smart grids), suggest a
re-examination of the perception of geothermal energy as a generic source of energy
distributed through a national super-grid and a future where the focus is again on
the wide ranging and varied use of geothermal water.

The chapter is divided into five sections: A short overview of our frame of
reference followed by two sections tracing the history of geothermal production
guided by the two paradigms of local use of geothermal fluids for various purposes
and its inherent qualities (quest for comfort), and a national distribution of elec-
tricity (quest for energy). Finally, we discuss the controversies about the future
development of geothermal energy and offer our conclusions.

2 Theoretical Frame of Reference

In this chapter our point of departure is the social shaping of technology and the
“seamless web” of society and technology (Bijker et al. 2012). Thus, while viewing
the harnessing of geothermal energy as a technical problem that needs to be solved
we acknowledge that the evolution of technology is not only driven by its own
rationality, but rather by a range of social, political, and institutional factors which
interact in a systemic fashion.

The systemic fashion in which social, political, and institutional factors interact
to shape the evolution of technology can be conceptualized as a technological
paradigm and the resulting outcome as a technological trajectory (Dosi 1982).
Technological paradigms are forward looking in the sense that they define what
technical problems are important and what knowledge and skills will lead to
solutions that are both technically viable and economically feasible. In doing so,
technological paradigms are seen to shape the organization of firms and industries
leading to path dependent technological trajectories which are difficult to disrupt
(Arthur 1989; David 1985; Geels 2002).

An important part of a technological paradigm is the relative role and importance
of different stakeholders in determining the criteria for evaluating the performance
of the technology. Of particular importance is the role of users in innovation.
Another important part of a technological paradigm is the relative importance of
practical knowledge and scientific knowledge (Arrow 1962; Polanyi 1966; Rogers
2003; von Hippel 1988).
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Technologies, such as equipment methods needed to harness geothermal energy,
do not evolve in isolation because their utility and economic feasibility is usually
dependent on the development of other technologies. Firms and industries spe-
cialize in the development or use of certain technology and their products and
services are prerequisites for the operations of other firms and industries. The
evolution of technologies is therefore constituted of mutual adjustments across
technologies that affects both technological paradigms and the organization of firms
and industries (Rosenberg 1982).

When a new technology emerges, technology paradigms are likely to change.
New challenges and stakeholders are likely to emerge or existing challenges are
addressed in a different way by different stakeholders. The challenges may be local
to a geographical area or industries, and in some cases they are general. New
stakeholders may bring similar and complementary perspectives already held by
existing stakeholders or they may bring with them contrasting and conflicting
perspectives. Conflicting paradigm may compete and if a new paradigm supersedes
an existing one it resembles Schumpeter’s (1942) process of creative destruction.
However, conflicting paradigm may also coexist for an extended period of time.

3 The Quest for Comfort

In this section we first present a brief overview of the utilisation of geothermal
energy in Iceland in the last century, before examining in more detail how this
natural resource is used to enrich everyday life in Iceland and improve living.

In the beginning of the 20th century, imported coal was the primary source of
household heating. It was first during the prolonged crisis of the 1930s that sys-
tematic search for an alternative energy resources became a political priority.
Hydropower had become a possibility but required considerable initial investments
in power plants and distribution networks. Peat had been used from earlier times in
rural areas and was for a while an option in towns instead of oil and coal, as peat
fitted into the existing distribution system. Peat is however a notoriously inefficient
energy source and making use of geothermal heat was an attractive alternative as
some farmers had achieved to use natural hot-water supplies for house heating in
close proximity to hot springs. The main problem was the building of a distribution
system required to deliver the hot water to the urban centres around Iceland. It
required a technologically novel and robust distribution system for which there was
neither available on hand engineering expertise, practical knowledge nor sufficient
economic means.

Due to the high prices of imported coal and oil and despite the challenges
associated with the building of a distribution system, the Reykjavik city authorities
decided to heat the whole city with geothermal hot water. In 1930 the Reykjavik
Heating Utility was founded and by late 1930s a distribution system was opera-
tional in a section of the capital Reykjavik, exploiting resources situated a few
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kilometres east of the city. The early 1940s proved to be a phase of rapid economic
growth, securing further investments in infrastructure.

Due to both the damaging effects of corrosion and the technical complexity
involved, as well as limited financial resources at the time, a project solving the
harnessing and distribution of geothermal water was prioritized by the Reykjavik
authorities. An important part of providing sufficient geothermal energy for the city
was dependent on the instalment of pumps in the boreholes. Available pumps at the
time were however not designed to withstand temperatures of up to 150 °C. With
help from European and American engineers these and other problems were solved
through continuous on-site trials and sufficient hot water could be provided to serve
households and industries in the greater Reykjavik area. Using geothermal heat as a
substantive or widespread solution must be seen as a clear case of a ‘technological
momentum’ where the capabilities are eventually realized by sufficient capital,
innovative use of materials such as Teflon and urethane, and an appropriate orga-
nizational system. Based on these innovations a comprehensive system was created
that was sufficiently reliabile and economical. The expensive part, the drills, were
provided by the state while the construction, which to a large extent was labour
intensive, was provided regional municipalities.

Today, Iceland is one of the most affluent countries in the world, a welfare state
fashioned after the Nordic mould. In an interesting way, the utilization of
geothermal water played a part in this as it became means to overcome harsh
weather conditions and dependence on animal-based food. Although affluence and
wellbeing were the objective it is possible to distinguish between two different
paths achieving this, one Spartan the other hedonistic. The primary objective of the
Farmers movement, which had a considerable say in the developing the policy, was
to avoid what their representatives regarded as the corrupting and enslaving aspects
of urbanization. Cleanliness took on a metaphorical meaning as well as a practical
one. The aim was a good and clean disciplined world, which coincided with the
libertarian value of a balanced egalitarian society. Foreigners and Icelanders edu-
cated abroad, which represent the hedonistic path, were looking for ways to cope
with the overall harsh conditions in Iceland. For this group, the use of geothermal
water was not only seen as merely functional. Using greenhouses to grow grapes
(along with roses) and to enrich daily life could be understood as a protest by
emerging urbanites. Flowers and fruits were signs of sophistication, a cultured
attempt to survive under circumstances nearly unbearable for those who were at
home with a better life abroad.

In a deliberately simplified manner it can be maintained that the utilization of
geothermal resources has played a significant role in the quest for comfort exem-
plified by the success in space heating, food production and outdoor activities
(Jénsson and Rastrick 2017). The quest for comfort is a universal goal and attaining
greater control over the environmental settings; summer all year long. Due to the
short summer growing root vegetables has been difficult while growing vegetables
such as tomatoes, capsicum and cucumbers has been a part of the stable for dec-
ades. Iceland’s rapidly increasing capabilities and skills in utilizing geothermal
water in a creative way, e.g. running a restaurant in a greenhouse where the locally
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produced food is consumed, go hand-in-hand with the global trend in production
and consumption of food and the growth of tourism where the number of visitors
grew from less than 200,000 in 1995 to over 2,000,000 in 2017.

One of the most surprising aspects of the utilization of the geothermal is the
popularity of outdoor swimming pool where the Jacuzzi-like outdoor hot tubs have
become one of the most frequented gathering places in the country, comparable to
the Parisian café, the English pub, the Mediterranean church plaza, the ancient
Turkish Hamman, and, closer to home, the Finnish sauna. The tubs are visited daily
by young and old and social status is insignificant all year round (Jonsson 2009).
Furthermore, the Blue Lagoon—and similar geothermal spas—are some of the most
popular tourist attractions in the country. Outdoor bathing can in a sense be seen as
a convergence of the Spartan and the hedonistic value sets; geothermal living,
which has become a cultural identity valued by the local inhabitants and their
foreign visitors.

Once systems for distributing geothermal water were in place and technical
capabilities were developed to harness geothermal resources of higher temperature
than before, further plans for the utilization of the country’s geothermal resources
were considered. This time the utilization was not driven by the quest for comfort,
but rather by the quest for energy to power large-scale industrial processes.

4 The Quest for Energy

“It doesn’t matter how much we build, the demand will always exceed the supply”
said Hordur Arnarson, the CEO of the National Power Company (Landsvirkjun) at
the company’s annual general meeting in April 2016. These words reflect the belief
that the demand for energy will continue to rise and that the company will always
be able to find buyers for all the electricity that can be produced in Iceland.

This optimism is not new in Iceland. It drove ambitious entrepreneurs in the
beginning of the 20th century when they planned to harness the energy in the
country’s waterfalls and was the basic premise of public policy in the 1960s which
lead to the establishment of the National Power Company for the large-scale pro-
duction of electricity for industrial processes using hydropower. In the beginning of
the 21st century it was the guiding principles for the large-scale utilization of
geothermal energy for electricity production.

The production of electricity using geothermal energy started primarily as
by-product of generating geothermal water for heating. As local low temperature
wells (temperature less than 100 °C) became fully utilized, public utilities looked
for opportunities to harness sources of higher temperature containing overheated
steam. Electricity is generated as the steam is cooled and then the resulting
geothermal water can be distributed and used for space heating and other purposes.

The higher temperatures created new technical problems that were solved
gradually in the period from the late 1960s and into the 2000s. These problems
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related to prospecting and the drilling of the wells and the chemical composition of
the overheated geothermal fluid. In both cases there were large regional variation
which made it difficult to transfer practical knowledge from one site to another and
lead to increased dependence on scientific knowledge and the use of advanced
engineering methods and materials.

At the turn of the century two public utility companies specializing in the
extraction and distribution of geothermal water—Sudurnes Heating Utility
(Hitaveita Sudurnesja) and Reykjavik Heating Utility (Hitaveita Reykjavikur)—
were successfully operating geothermal power plants producing both electricity and
geothermal water. These power plants, which became online in 1978 and 1990,
were improved and expanded until 2007 and 2005, respectively.

In the early 2000s there was a change in the organization and strategy of regional
utility companies. Companies originally providing separate utilities, such as water,
heating, and electricity, were merged into single entities and in some cases into
publicly owned limited liability companies. Furthermore, changes were made to
legislation related to electricity production and distribution opening up the state
monopoly and creating opportunities for the regional utility companies to produce
and distribute electricity beyond their own regional systems. Especially, this created
opportunities for the regional utilities to provide energy to large scale industrial
buyers. Subsequently, Reykjavik Heating Utility (now as the merged utility
Reykjavik Energy) and Sudurnes Heating Utility built new geothermal power plants
that are primarily intended for producing electricity for large-scale industrial pro-
ducers and both started operation in 2006. In the period 2000-2017 the production
of electricity by geothermal power plants increased from 1.300 to 5.200 Gwh,

Yearly production of electricity by geothermal power plants 1969-2017
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Fig. 1 Yearly production of electricity by geothermal power plants in Iceland 1969-2017. Data
Source National Energy Authority (2018a)
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which is a fourfold increase (see Fig. 1). In 2016 the total electricity production in
Iceland was 18.500 Gwh where about 80% of the energy was used by large-scale
industrial processes (mostly aluminium smelting), 15% was used by small and
medium sized firms (SME), and 5% by households (National Energy Authority
2017).

The use of geothermal power plants for producing electricity on a large-scale not
only increased the supply of electricity but it also changed the nature of the uti-
lization of geothermal energy from the perspective of the relationship between
primary energy and energy consumption. While 81% of the primary geothermal
energy was harnessed through high temperature wells (mostly to produce elec-
tricity) less than half of it was consumed (National Energy Authority 2010). The
reason is the low efficiency of the conversion from geothermal energy to electrical
energy and the lack of demand for the excess hot water being created in the process.

The financial crisis of 2008 slowed down the expansion of the large-scale
production of electricity using geothermal energy. Lack of access to capital reduced
the rate of investment, but the crisis also exposed the financial risks taken by the
utility companies because of the increase in the value of foreign debt. For example,
Reykjavik Energy 2011 had to devise extreme measures (“The plan”) in order to
save the company from becoming bankrupt (Fig. 2). The price of hot water for
household use was raised and special efforts were made to lower the debts.
Furthermore, the crisis brought with it a change in mood and a more critical view
about the profitability and sustainability of large-scale production of electricity
using geothermal energy (Shortall et al. 2015; Shortall and Kharrazi 2017).

Even if the development of large-scale production of electricity using geother-
mal energy has slowed down the scientific and engineering competencies are still
being developed and deployed. The National Power Company is building a new
power plant, and planning another one, to provide electricity for large-scale
industrial production in the northern part of the country. Several engineering firms
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Fig. 2 The effects of the financial crisis in 2008 on the financials of Reykjavik Energy (Orkuveita
Reykjavikur). Data Source Reykjavik Energy annual reports 2002-2018 (https://www.or.is/
english/finance/financial-reports)
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are designing and operating geothermal systems abroad, with recent projects in
Ethiopia (Reykjavik Geothermal) and China (Arctic Green Energy). Furthermore,
an international research project is prospecting and drilling geothermal wells at
even higher temperature and length (Iceland Deep Drilling Project). However, most
of the regional utilities, such as Reykjavik Energy, have returned to their core
business of serving their local constituencies.

5 Future Development of Geothermal Energy

In the previous sections we have described how the use of geothermal energy in
Iceland has been guided by two paradigms which we have labelled the quest for
comfort and the quest for energy. In the former case the construction of systems for
the distribution of hot water was a local public undertaking which was not a matter
choice but out of necessity. The systems were based on direct use of geothermal
water for hygiene, space heating, greenhouses, and drying—use which mainly
improved comfort and the quality of life for citizens. In the latter case—initially
driven by relatively large public utilities but later by the National Power Company
and private engineering firms—systems were constructed to produce electricity for
large-scale industrial use. While the primary motive was to monetize the country’s
natural energy resources it was also argued that large scale industrial use of elec-
tricity would justify the investment in an extensive national grid for electricity
distribution. The existence of the grid would reduce the risk of power failures and
provide cost effective electricity to regions where harnessing geothermal resources
had not been seen as technically or economically feasible, thus increasing the
comfort and quality of life in those regions.

What has been common to the two paradigms is gradual building of capabilities
through learning and the creation of organizational systems. Early attempts in
Iceland to harness geothermal energy for direct use of heat were governed by a
pressing need, rather than a previously established technical or economic feasibility.
Attempts at constructing a distribution system for space heating met with numerous
challenges related to corrosion, pressure, and the loss of heat. Furthermore, the
challenges were different for each geothermal area and the sources of these dif-
ferences were not well understood. Thus, building each of these local distribution
systems was a major practical as well as engineering accomplishment that was
based on relatively low-cost experimentation and to a large degree on the accu-
mulation of tacit knowledge that was difficult to transfer across sites. In comparison
the learning related to the building of geothermal power plants for producing
electricity was more codified and developed in the context of a large technical
system. By converting the geothermal energy into electricity previous challenges of
distributing geothermal fluids can be avoided. By subscribing to universal standards
of electricity distribution an existing electricity grid can be used for distribution
without any context specific learning. Geothermal energy simply becomes a
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commodity within a large technical system that operates independently of the
energy sources being used. However, specific challenges still remained related to
drilling and the handling of the geothermal fluid. In order to gain access to the vast
amount of primary energy needed—due to low efficiency of conversion—deeper
wells were needed that operated at higher temperatures and pressure. This envi-
ronment is more difficult to control and direct experimentation is much more
expensive with a higher risk of failure. Thus, the development of technical capa-
bilities has become more science-based making extensive use of complex simula-
tion models in order to reduce the uncertainty associated with direct
experimentation without being able to eliminate the related risks. This has even-
tually turned into an “iron cage” where the actual purpose of producing a profitable
product for large scale industry have been driven by instrumental rationality.

The main difference between the two paradigms concerns the generality of the
energy source which affects the locality and scale of its utilization and concerns
about sustainability. In the quest for comfort the emphasis was on the specificity of
the energy source and how its characteristics can be used for multiple purposes. In
the quest for energy the emphasis was on the generic aspects of geothermal energy
and the how it could be converted into a universal energy source. In the former case
the utilization was local on a limited scale, while in the latter case larger scale
exploitation became economically feasible through access to a national—and even
international—distribution networks. The larger scale, however, created concerns
about the degree to which a geothermal resource is renewable and the limits of
natural recharge given high rates of utilization.

The concerns about sustainable utilization of geothermal resources added to
previous concerns and controversies about the extensive utilization of hydropower
and the protection of the inhabitable Icelandic highlands. On one hand, the market
and the state have since the 1960s sought to exploit the energy resources residing in
the highlands, and on the other hand, parts of the civil society have resisted the
exploitation by stressing the future value of conserving the unique nature of the
highlands. The tensions between exploitation and conservation have influenced
policy making and NGOs have played an important role in creating public
awareness of environmental issues.

The first environmental laws in Iceland were established in 1956. An advisory
committee was created, The Nature Conservation Council, and local committees for
nature conservation were set up in every administrative district. The minister
responsible was the minister of Education. Around 1990 there were large changes
in environmental legislation in Iceland. The Ministry for the Environment was
created and new laws were established requiring the evaluation of environmental
impact of all construction projects. The application of the new laws was in focus in
the largest hydroelectric dam project in the history of Iceland—the Karahnjukar
dam—which in 2002 the National Power Company committed to build to service
an Alcoa aluminium smelter in the eastern part of the country. The decision was
very controversial and the opposition to the project mobilized a large number of
NGOs, but at the same time the Nature Conversation Council was abolished and its
office closed down.
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The leading NGO for nature conservation and environmental protection is The
Icelandic Environmental Association which was founded in 1969. Today, the
association has over 40 member-societies all over the country with over 5000
individual registered members. Its role is to protect Icelandic nature and be an
active participant in strategic planning, education, and informed decision-making in
matters that relate to land use, natural resources and the environment. Recently, the
association has played a key role in synchronizing the opposition of multiple
NGOs. For example, Iceland National Park is a campaign advocating for the
protection of the Icelandic highlands. The campaign has resulted in a coalition of 28
organizations and is still growing; environmental NGOs, outdoor recreational clubs
and the Icelandic Travel Industry Association. The coalition wants to see the
highlands turned into a national park. This campaign started as an aftermath to a
concert organised in 2014 by a nature conservation association.

To reconcile the competing interests of nature conservation and energy utiliza-
tion the Icelandic government has created a process called the Master Plan for
Nature Protection and Energy Utilization (Master Plan 2018). While the idea had
been around since the 1980s the work did not begin in earnest until 1999. The dual
purpose of the process is to create a stable consensus about what areas should be
protected and what areas are available for exploitation. The process is built around
the classification of all options for energy utilizations, including geothermal
options, into one of three classes: permitted—possibly permitted—not permitted.
Expert committees evaluate the impact of each option and a steering committee
integrates the results from the expert committees and classifies the option. The
process is transparent allowing for inputs from all stakeholders. The process started
its fourth phase in 2017 and is expected to finish in 2021.

Differently from other countries the current energy debate in Iceland has not
been concerned with finding alternatives to fossil fuels. Instead it has focused on the
future value of conserving the unique nature of the highlands, which, for many, has
become an important part of the country’s identity and valuable in itself (Cook et al.
2018). However, with an increased awareness of the need to improve the sustain-
ability of the world’s energy systems alternative modes of energy production along
with the increasing sophistication of techniques used to monitor and control both
production and use have come into the fore. By optimizing the inherent qualities of
the different energy sources, such as solar cells and wind turbines, generation with a
real-time coordination using a smartgrid, these grids a can function autonomously
(as separate islands) or connect to a larger grid. These technological developments
have co-evolved with the increasing role of the prosumer (Ritzer and Jurgensen
2010), i.e. a consumer that takes on tasks that hitherto had been an integrated part of
the production and distribution process. In the Icelandic context these developments
are compatible with the original paradigm—the quest for comfort—guiding the
utilization of geothermal energy in Iceland. The municipalities, as a civil society or
a village, can be seen as the prosumer, i.e. involved in both the production and
consumption of geothermal water for improving the comfort of the collective.
However, the paradigm guiding the use of geothermal energy for producing
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electricity seems to be the opposite, as it is based on clear separation between
producers and consumers and is less dependent on regional characteristics and
differences. Furthermore, many see it as destroying the future value of a preserved
nature.

In recent years we have seen an increased interest in using local solution to
address the energy provision for areas in Iceland where the harnessing of
geothermal energy has not been deemed economically and technically feasible. For
example, the National Grid Company (Landsnet) has experimented with the use of
smart micro-grids in the north-western part of the country (Vestfjord) and recently it
has been reported that dependence on oil and costs can be significantly reduced in
the same region using heat pump technology. Another example is in the
south-eastern part (Hornafjordur) when improvement in prospecting and drilling
technology have led to the discovery of geothermal sources to use for space heating
that is both technically and economically feasible. These developments, along with
relatively few inhabitants that are without access to geothermal water—Iess than
7% of the total population—have made it less convincing that the large-scale
production of electricity for industrial use is the best way to secure the delivery of
energy at reasonable prices to areas without access to geothermal water.

6 Conclusion

While predictions about the future tend to be wrong it is tempting to predict that
recent development in Iceland signals the decline of the quest for energy paradigm
and the revival of the quest for comfort. A sustainable energy system for heating
and electricity is almost in place in Iceland—the few “cold” areas that are left are
likely to develop local solutions in the near future. The value-creation potential of
locally produced geothermal water for varied direct use—the quest for comfort for
inhabitants and their visitors—is currently much higher than for nationally pro-
duced electricity. Furthermore, the environmental impact and financial risks from
exploiting this potential is much lower than exploiting geothermal primary energy
at a large scale. At the same time scientific knowledge and technical capabilities
have been built for harnessing high temperature geothermal energy sources—ca-
pabilities that may not be in high demand domestically but hold the potential of
providing alternative energy sources to reduce dependency on fossil fuels abroad.
The challenge for policy makers is to understand if it is desirable and feasible to
continue to emphasize the development of knowledge and capabilities for the uti-
lization of high temperature geothermal resources, while at the same time devel-
oping local capacity to continue the quest for comfort through varied direct use of
geothermal water. In the former case the taming of the elements continues, but for
use outside the country. In the latter the elements have already been tamed but value
is created through creativity and innovation in their local use.
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Abstract Italy has a pioneering role in the geothermal sector: from ancient
Romans thermal baths, to the development of the first geothermal power plant, the
Country has contributed to the development of this technology. Italian geothermal
power plants are located in Tuscany, where part of the local population is opposing
to old and new geothermal developments. In this chapter we describe the current
expectations and concerns of the Italian citizens regarding geothermal energy and
we report on two social acceptance assessment case studies conducted by the Italian
National Research Council in Southern and Central Italy, applying both quantitative
(survey) and qualitative (focus groups) methods. As the energy question is
increasingly recognized to be both technical and social domains, public engagement
experiences in the field are rapidly growing internationally and other studies are
also mentioned and described. Our review show that the opinions around
geothermal energy among the Italian public are shrouded in uncertainty and many
participants ask for more information on pros and cons in order to contribute to the
discussion. The debate on geothermal energy development in Italy is strongly
entangled with values, ethics, local identity and political issues. Lack of trust in the
decision makers was the main reason for public concerns even if the presence of
environmental and health risks were also questioned by part of the population.
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1 Introduction

1.1 [Italian Framework

Italy is a largely mountainous peninsula that goes from the Alps into the
Mediterranean Sea and it also includes the Po plain and two large islands (Sicily
and Sardinia). The Italian population is around 61 million people and the
Constitution organizes the Country into 20 Regions (4 of them being autonomous).
In 2001 a new framework for sharing regulatory competences, including energy,
between the central State and local Regions was defined. A novel framework was
also proposed in the last referendum (2016), but the Italian citizens chose to
maintain the status quo. Italy is a Member State of the European Union and it is
governed by communitarian, national and local norms.

Since Second World War, the energy demand in Italy constantly increased and
peaked in 2008, when the economic and financial crisis abruptly interrupted this
growth. Italy seems to slowly emerging from the last economic recession: the
growth was again positive in 2015, but below the European Union (EU) average
(IEA 2016).

In the first two decades after the war, the Italian energy production was mainly
based on fossil fuels and a first tentative diversification of energy provision was
made in the 1970s after the oil crisis. In the late 1970s Italy fostered nuclear power
plants development and import from other countries also increased, but few years
later, in 1987, after the Chernobyl disaster, the Italian citizens opted out from
nuclear energy in a national referendum (the permanent dismissal of the nuclear
program was definitely established after a second public consultation in the refer-
endum of 2011).

In 1999 the Italian energy market was liberalised by a governmental decree, the
oil resources used for thermoelectric production were progressively substituted by
natural gas (mainly introduced from Russia, Algeria and Libya) and the import of
energy was further increased. In 2010, Italy adopted the Renewable Energy Action
Plan in order to reach the target described under the terms of the European directive
2009/28/EC. The target was to achieve 17% of final energy consumption from
renewable sources by 2020 and Italy reached its goal in 2015, five years before the
final term.

In 2016, for the first time in the last decades, the electric energy produced in Italy
from renewables has slightly diminished (—1 TWh if compared to 2015), being
around 108 TWh and depending on a modest fall of solar photovoltaic (—0.8%) and
on a significant drop of hydroelectric (—3 TWh) productions. This trend was partly
made up by a strong increase in wind energy production (+19.2%, 3 TWh),
geothermal (+1.7%) and bioenergy (+0.6%). In 2016, on the whole national electric
energy production (290 TWh), 68.8% was covered by thermoelectric, 15.3% by
hydroelectric and 15.9% by geothermal, wind and photovoltaic. The electric energy
demand of Italy in 2016 was 314.3 TWh, with a reduction of —0.8% compared to
2015. According to TERNA (2016a) this was mainly due to a positive trend in
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energy efficiency and to an increasing responsible use of electricity by consumers.
In 2016, the electric energy demand was supplied by national production (88.2%)
and by import from other countries (11.8%). In the same year, the national elec-
tricity production grew to 290 TWh (+2.4% compared to 2015) and the import of
energy decreased to 43 TWh (—15.1%). The fall of import from France in the
second part of the year was highly significant (—37.5%).

In 2014 (IEA 2016) the Country energy demand is split relatively equally
between transport (31.7%), households (25.3%) and industry (27.9%) and
according to Abate et al. (2014), 30% of the Italian energy consumption regards
medium-low thermal uses that could be supplied by shallow geothermal resources.

As to the main electricity consumption sectors, in 2016 41.5% of the Country
general electricity consumption were spent by the industrial sector, 102.9 TWh by
services, 64.3 TWh by domestic consumption and 5.6 TWh by agriculture (TERNA
2016a).

1.2 Geothermal Energy

Italy can be considered a geothermal country for several reasons. Its geology is
particularly favourable to geothermal resources, and geothermal natural manifes-
tations are abundant. Geothermal fluids were used for centuries, for recreational,
healing and industrial purposes, often with wide application and recognised tech-
nological excellence.

Italy is a tectonically active country, being located along the African-Eurasian
plates convergent margin (Manzella et al. 2017). The complex tectonic regime
produced the two mountain chains characterizing the country, the Alps and
Apennines, and an oceanic basin in the western margin, below the Tyrrhenian Sea.
The western sector of the Apennine and the Tyrrhenian margin shows the most
favourable conditions for hosting geothermal resources. This area is characterized
by a reduced crustal and lithosphere thickness, a widespread magmatic activity and
high geothermal heat flow. The existence at relatively shallow depth of geothermal
systems has been verified in several areas from north to the south of Italian territory
and off-shore zones, thanks to the numerous deep wells drilled for oil and gas or
geothermal exploration. High temperature at relatively shallow depth, suitable for
electricity production and district heating, has been recorded in numerous areas
(Fig. 1). Hydrothermal circulation was recognized in volcanic, sedimentary and
crystalline rocks, and local rise of warm waters from deep formations through faults
or lateral discontinuities produces numerous natural hot springs. The Italian
Geothermal Union (UGI) esteems, on the base of the temperature distribution, a
potential total production from geothermal resources within 5 km depth of 21 EJ,
two third of which at temperature below 150 °C (Buonasorte et al. 2011).

Some of the most sophisticated ancient thermal baths were built in the peninsula
by Romans 2000 years ago, the first geothermal power plant was developed in Italy
in the beginning of the last century (1913), and the local power generation capacity
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Fig. 1 Temperature distribution at 2 km depth in Italy. Data source Cataldi et al. (1995)

of from geothermal resource is at first place in Europe and at sixth place in the
world. Since 2015 Italy is also pioneering the innovation of hybrid power plants
that use geothermal energy and biomass, installed in Larderello. Overall, geother-
mal energy contributes to 1% of the Italian energy capacity and of 2% to the overall
demand for energy (TERNA 2016b).

The Italian geothermal resources are nowadays mainly used for electricity
generation and air conditioning by means of district heating (DH) and geothermal
heat pump systems, which are experiencing an average annual growth rate of over
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7% and are expected to further grow in the next years (Manzella et al. 2017). Direct
uses of geothermal energy are widespread and in 2015 reached 1300 MWth, GSHP
(Ground Source Heat Pump) accounting for 42% (around 580 MWth), followed by
thermal balneology (32%), DH (10%), fish farming (9%), agricultural (6%), and
industrial uses (1%) (Conti et al. 2016). Whilst thermal balneology—in the past
provided by the public service and very used until 1980s—has slightly reduced its
relevance, mainly due to the lack of public funds, geothermal DH has seen a
renewed interest and is used in many urban centres, including large towns such as
Ferrara and Milan.

Regarding electricity production, all the geothermal power plants in operation
are located in Tuscany, in two areas—Larderello-Travale and Mt. Amiata—and are
managed by Enel Green Power. In 2015 the gross electricity generation reached 5.9
TWh, with an installed capacity of 915.5 MWe, covering 30% of the electricity
needs of Tuscany. As regard to EGS, Italy is not interested in developing the use of
these resources at the moment, mainly due to social and environmental concerns
(Manzella et al. 2017, 2018).

1.3 Legislative Framework

In Ttaly, the ownership of natural resources is regulated by the Civil Code (BBA
2017):

The forests that by applicable laws constitute the forested domain of the State, mines,
quar-ries and turf pits when their disposability is taken from the owner of the land [...] are
part of the non-disposable patrimony of the State (Article 826, para. 2);

Ownership of the soil extends to the subsoil, with all that is contained therein, and the
owner can perform any excavation or work that does not cause harm to a neighbour. This
provision does not apply to that which is the object of laws on mines, quar-ries and turf pits
[...] (Article 840, para. 1).

The Legislative Decree No. 22/2010 states that geothermal energy qualifies as
mineral resources that fall under the non-disposable patrimony of the Italian State or
of the relevant region depending on the national or local interest of such resources
(BBA 2017). It regulates the research and management of geothermal resources and
defines the different geothermal resources based on temperature ranges of fluids:
high enthalpy resources (fluid temperature >150 °C) are considered of national
interest, heritage of state, whereas medium (fluid temperature of 90-150 °C) and
low enthalpy (fluid temperature <90 °C) resources are declared of local interest.

The Decree describes relevant issues such as the role of landowners, institutions
and producers; the licensing procedures; regulatory and information obligation;
incentives and environmental impact assessment (EIA); participation and authority
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of local people (see also the next paragraph). For administrative functions about the
exploration license and mining lease of local and national geothermal resources,
including supervisory functions, the competent authorities are the Regions or the
authorities delegated by them.

In addition, the Law Decree No. 28/2011 introduced and regulated “pilot
plants”, each with nominal installed capacity not exceeding 5 MW, total reinjection
of geothermal fluids in the same reservoir, and with zero emissions. These plants
were introduced in order to promote research and development of new geothermal
power plants with a reduced environmental impact.

Other norms governing the geothermal exploration and exploitation in Italy are
the Presidential Decree No. 327/2001, which regulates the expropriation procedures
in case of resources qualified as of public utility; the Presidential Decree No. 395/
1991, which stipulates the documents and information that have to be submitted
before and during both exploration and exploitation; the resolution of the Italian
Regulatory Authority for Electricity, Gas and Water No. 111/2006 and the
Resolution No. 444/2016 regulate the main aspects of the Power Purchase
Agreements (PPA); the Ministerial Decree 6 July 2012, replaced by the Ministerial
Decree 23 June 2016, regulates the geothermal power plants incentives; the
Presidential Decree No. 395/1991 regulates other licenses (for geophysical survey,
fluid injection, etc.).

The conjunction of liberalization of the research and exploitation activity of
geothermal resources, established by Law Decree 22/2010 and favourable incen-
tives for renewable sources, produced about 120 new requests processed on 2010
and 2011. Most requests were for new research permits in medium/high enthalpy
geothermal resources suitable for power generation, cogeneration and district
heating, and several new players tried to enter into the market. The later uncertainty
of the market and the serious acceptability problems of local communities, con-
cerned by to environmental issues, essentially nullified the market uptake. The Bill
Law issued on July 2012 replaced the “Green Certificates” with an “Incentive Fee”
similar to an all-inclusive fee decreased by zonal price of energy, to which addi-
tional premiums can be added, for new power plants with a capacity exceeding
1 MWe. As a result, with an average market price of electricity of approximately
4.7 Eurocent/kWh in 2015, the value of the net kWh generated from geothermal
power plants awarded 9.9 or 8.5 Eurocent/kWh, for units having installed capacity
under or above 20 MWe, respectively, whereas with “Green Certificates” it was
around 13.7 Eurocent/kWh (Conti et al. 2016).

Another aspect that is also contributing to the slow development of geothermal
electricity market in Italy is the lack of social consensus for new geothermal plants.
The right to participate of local communities represents a minor issue for the Italian
law (see next paragraph). However, the environmental issues and the land/resource
management play an important role as precursory themes influencing the Italian
normative scenario among public engagement (Pellizzoni 2016).
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2 Public Engagement with Geothermal Energy in Italy:
A General Framework

2.1 Geothermal Energy and Public Engagement: Hard Law
and Soft Law

Historically, the first time that the Italian public institutions have recognized public
participation and environmental rights was in the second half of the 1980s.
According to the norm 349/1986 (Article 6), “every citizen can submit to the
Ministry of the Environment, to the Ministry of Cultural and Environmental Goods
and to the Regional Government, applications, observations or advices on plants
under environmental impact assessment (EIA)”. Later on, in 1997, the public
participation among environmental issues has been officially introduced with regard
to waste management.

Concerning geothermal energy, the right of local people to participate to deci-
sion making process is formally granted by the Presidential Decree No. 485/1994,
stating that local communities and associations can rise objections that are taken
into account by the competent authorities during the licensing procedures. Correct
public information is of course essential in order to really embrace the opinions of
the different stakeholders involved in the innovation process. Interested commu-
nities judging that their rights and interests have not been adequately considered
during the licensing process can then appeal to a regional administrative court
(TAR).

Another important document regarding geothermal resources management is a
soft law document reporting the national guidelines on environmental features
connected to geothermal development. The guidelines were released in July 2016,
describing the best practice to be followed in the most important phases of a
geothermal project, in particular for those related to electrical power generation and
requiring the drilling of deep wells. Social acceptance information is also men-
tioned in the guidelines as useful information to be collected in a preliminary
assessment (MISE-MATTM 2016).

In Italy, as well as in Europe, the governance of emerging technologies
(geothermal included) is characterized by a growing integration of hard law and soft
law (guidelines, best practices, various forms of non-mandatory certification or
self-assessment tools). According to the literature, the motivation of this transfor-
mation lies in the “pervasiveness of uncertainty in science, technology and their
governance”, requiring new normative approaches “centred on the adoption and the
practical implementation of (self-) regulatory instruments such as codes of conduct,
guidelines, technical standards, reporting, and audits” (Arnaldi et al. 2016, p. 13).

Accordingly, as part of Europe, Italy approach to innovation, including energy
innovation, is influenced by the Responsible Research and Innovation
(RRI) narrative, which has increasingly fostered public engagement at the com-
munitarian level. Many European scholars and Commission experts (Von
Schomberg 2013) have emphasized the need to move from a model that addresses
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the responsibility in innovation ex post facto (i.e. sanctions, compensations, etc.) to
a model that encourages the anticipation of technological impacts on society and a
reciprocal responsibilisation within the stakeholders ecosystem (i.e. ex ante public
consultation and engagement, ethics assessment, etc.).

2.2 Geothermal Energy and Society: Local Experiences
and Existing Studies

2.2.1 Knowledge and Acceptance of Geothermal Energy: Italy
Compared to Other European Countries

Some of the first data on geothermal energy and the public in Italy come from the
Eurobarometer survey' literature. According to the Special Eurobarometer 364
(2011) on Public Awareness and Acceptance of CO, capture and storage (CCS),
under a half of Europeans (47%) had heard of geothermal energy. The level of
recognition of alternative energy sources was higher for ‘solar photovoltaic’ energy,
with almost six in ten (58%) respondents had heard of it. Over a half (51%) had
heard of ‘nuclear fusion’, whilst just under a half had heard of ‘biogas’ (48%) and
the lowest recognition was of ‘clean coal’ (22%) and ‘cogeneration’ (21%). These
rates vary among Countries and when it comes to Italy, the results show that the
awareness around geothermal energy was much higher in Finland (94%), followed
by Germany (78%) and France (69%). Surprisingly, a geothermal country like Italy
has the second lowest level of awareness (25%), with only Bulgaria scoring
lower (17%).

Another comparative exploration of the European views and knowledge on
geothermal energy has been conducted within the framework of the Geothermal
communities (GEOCOM)? project, focused on the use of geothermal energy for
district heating with small scale RES (Renewable Energy Sources) integration and
retrofitting measures, co-funded by the European Commission within the 7th
Framework Programme from 2010 to 2015.7 The research—aiming at a compar-
ative assessment of public perception of geothermal energy among the seven
countries involved in the project (Hungary, Italy, Macedonia, Poland, Romania,
Serbia, and Slovakia)—is based on (1) quantitative methods (questionnaire sur-
veys), (2) qualitative methods (open opinions, comments) and has involved
appointed experts of the geothermal sector within the interested areas. The study
aimed at understanding current public perception of geothermal energy in order to
build an adequate promotion strategy of this energy resource and cannot be

"For more information on Eurobarometer surveys: http://ec.europa.et/COMMFrontOffice/
publicopinion/index.cfm.

>The project website: http://geothermalcommunities.eu/.
3See also www.geothermalcommunities.eu.
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considered a public engagement exercise, however it provides several information
about citizens attitudes towards geothermal energy. As in the case of the above-
mentioned Eurobarometer on CCS, one of the main evidence of the survey is the
lack of knowledge around geothermal energy by the Italian population. According
to the experts, 80% of the Italian public lacks knowledge on geothermal energy and
its uses (with the remaining 20% having a poor knowledge), a rate that is worst if
compared to other renewables and to other Countries (Kepinska and Kasztelewicz
2015).

2.2.2 Geothermal Energy and Social Conflicts: The Case of Monte
Amiata

While the majority of Italians seem to lack knowledge about geothermal energy and
its applications, some of the local communities living in the neighbourhood of the
geothermal power plants sites (Mt. Amiata) are strongly engaged with the subject.
At the moment, no social scientific studies have been conducted in the area,
however local newspapers (e.g. Il Tirreno®) and websites® show that a part of the
population living in the Mt. Amiata area objects to geothermal developments,
where civil society organizations, some of the local mayors and a portion of the
local scientific community have organized in committees and networks (i.e. SOS
Geotermia, Rete NOGESI). The Amiata social movements are conducting several
activities, e.g. demonstrations, public debates, queries to the regional, national and
European institutions, questioning if geothermal energy should be considered a
clean and renewable energy resource or not. The main concerns of the local pop-
ulations raised by geothermal energy are related to health, to water usage and
pollution and to other environmental impacts (soil contamination). As can be seen
in the SOS Geotermia Manifesto or in several videos and interviews available on
the web,’ the network is asking for a moratorium on geothermal activities in the
area, while it is favourable to “non speculative” low enthalpy geothermal
technologies.

A strictly political issue that is often mentioned in the documents and in the
public declaration of the representative of the civil society organisations engaged in
this battle—and that is also common to other territorial disputes in Italy, e.g. the No
Tav’ conflict—regards the decision making process, the right of local communities
to determine the future of their land and the eventual fair distribution of benefits
coming from local resources employment. The underlying narrative of the disputes
is also based on a general distrust towards “energy lobbies”: as many other science

4http://iltirreno. gelocal.it/grosseto/cronaca/2017/11/12/news/no-alle-centrali-si-alla-geotermia-
pulita-1.16110761.

Shttps://sosgeotermia.noblogs.org.
6https://www.youtube.com/user/sosgeotermiaamiata.
"The territorial dispute regarding the development of an high speed train-way in North-East Italy.


http://iltirreno.gelocal.it/grosseto/cronaca/2017/11/12/news/no-alle-centrali-si-alla-geotermia-pulita-1.16110761
http://iltirreno.gelocal.it/grosseto/cronaca/2017/11/12/news/no-alle-centrali-si-alla-geotermia-pulita-1.16110761
https://sosgeotermia.noblogs.org
https://www.youtube.com/user/sosgeotermiaamiata
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and innovation arguments, the energy debate is also “interwoven with issues of
meaning, values and power in ways that demand sustained critical inquiry”
(Jasanoff 2004, p. 5).

The social conflict dealing with geothermal energy in the Monte Amiata area has
been analysed by Borzoni et al. (2014) conducting asocial multi-criteria evaluation
of alternative scenarios for geothermal development. The research explores the
different legitimate perspectives of the actors involved in the local geothermal
debate in order to provide policy making with evidence-based input. The empirical
analysis conducted by the researchers considered 7 different scenarios for the fol-
lowing 30 years and evaluated them on a set of 11 criteria,® grounded in a detailed
analysis of institutional settings. Results show that the scenarios involving binary
cycles or total-reinjection technologies tended towards the most positive positions.

The echoes of the geothermal debate in the Monte Amiata have spread in the
neighbour areas, mainly in Central Italy, and have recently reached also the national
Government: in the last months of 2017, the discussion among new geothermal
plant development has arrived also on the table of the Italian cabinet that in
December has rejected the consent for the development of a pilot plant (5 MW) in
Latium (Torre Alfina, Acquapendente).

At the European level, the opposition to geothermal energy starting from
Tuscany has reached the European institutions and some exponents of the Italian 5
Star movement members of the Parliament in Strasbourg have drawn attention on
geothermal power plants emissions.

The emissions of Monte Amiata power plants have recently (January 2018) been
at the heart of a trial conducted by a Tuscany court. The judges are checking
whether Italian plants in operation lack available technology for emission
mitigation.

2.2.3 Public Engagement with Geothermal Energy in Central
and Southern Italy: Two Case Studies

The first recent study focused on the social acceptance of geothermal energy in Italy
was conducted within the framework of two national projects (VIGOR and Atlante
Geotermico del Mezzogiorno) led by the Italian National Research Council that
were oriented to describe the geothermal framework of Central and Southern Italy.
As encouraged by the European Strategic Energy Technology (SET) Plan—which
considers the understanding of the behaviour of social and political actors and the
facilitation and enablement of public participation in the energy transition as two
key actions towards the strengthening and the acceleration of the energy transition
—these projects had conducted, besides technical, geological and economical

8The criteria were: (1) electricity produced, (2) profitability of the plants, (3) municipality rev-
enues, (4) direct heat use, (5) avoided greenhouse gas (GHGs) emissions, (6) H2S emissions,
(7) Hg emissions, (8) NH; emissions, (9) As emissions, (10) possible impact on the phreatic
aquifer, (11) visual impact.
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studies, also social investigations through two case studies. The first was conducted
in October 2012 in Sicily (in the Palermo Province, Southern Italy, see Pellizzone
et al. 2015) and the second in June 2014 in Latium (in the Viterbo Province, Central
Italy, see Pellizzone et al. 2017). The two areas are characterized by high
geothermal potential and different geographical and social contexts: the province of
Palermo was undergoing rapid deindustrialization, and geothermal resources had
never been used for energy production there; geothermal development with novel
technologies has been proposed in the Viterbo province, but has experienced a
growing opposition. We can position the activities conducted somewhere at the
intersection between social acceptance assessment and public deliberative exercises
and consider them as the first experiences of public engagement in the field of
geothermal energy in Italy aiming at: (1) exploring the views and opinions of local
communities regarding the eventual and real development of geothermal energy;
(2) contributing to the growing scientific and social-scientific literature of the social
acceptance of geothermal energy; (3) conducting public engagement exercises in
the field of geothermal innovation towards the development of new policy tools.

The two case studies were composed by a mix of (1) quantitative (survey) and
(2) qualitative (focus groups) methods. The survey involved 400 people and the
sample population was calibrated by a series of variables including age, gender, job
position, education and place of living. The focus groups lasted 1 h and 30 min and
were composed by 8 participants. In Sicily the groups were composed by students,
general public from Termini Imerese (a little village close to Palermo that has a long
thermal bath history), decision makers and ex-workers from the FIAT plants, now
closed. In Viterbo we involved students, general public, local decision makers and
environmental activists.

3 Results and Discussion

3.1 Public Perception on Geothermal Energy and Other
RES

In both case studies, knowledge and opinions about energy sources varies
depending on the technologies, suggesting that in general respondents don’t have a
priori techno-optimistic or techno-pessimistic positions. When asked “Which one of
these technologies will have positive, negative or no effect on our way of life in the
next 20 years?”, respondents have much clearer ideas around solar and wind energy
and about nuclear power plants. In the Viterbo Province—where survey participants
seem to have more formed opinions than in Palermo—86% of respondents thinks
that solar energy will have a positive impact on our life in the next 20 years, and
84% thinks the same for wind energy, while these rates decreased to 54 and 46%
respectively in Palermo. Past negative experiences regarding speculation around
wind energy, described during the focus group discussion in Palermo, might have
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Fig. 2 Optimism towards a series of technologies. Data Source Pellizzone et al. (2016) (data in
percentage)

influenced the public perception. In Viterbo, the public position against nuclear
energy is also more evident than in Palermo: 73% of respondents in the first
Province thinks that nuclear will have a negative impact on our life in the next
20 years, whereas in the second the rate decreases to 68%.

As regard to geothermal energy (Fig. 2), respondents of both Provinces show
high levels of “I don’t know”: 42% in Palermo and 44% in Viterbo. Comparable or
higher rates of the same answer were registered for other emerging technologies,
i.e. biotechnologies, biomass and nanotechnologies. This suggests that geothermal
energy behaves as an emergent technology when it comes to public hopes or
concerns: almost one in two people living in the areas take a stand on the future
impacts of geothermal energy. However, some differences between the two case
studies are also present: in Palermo the rate of “optimistic” participants is identical
to the rate of “pessimistic” ones (18%), while in Viterbo the former exceed the latter
(46 and 6% respectively) and in Palermo the 23% thinks that geothermal devel-
opments will not have any impact on our future (5% in Viterbo).

As regards risk perception towards different geothermal technologies, the two
communities involved don’t make a great difference between power plants and heat
pumps: in Palermo, a slight preference is made for heat pumps (even if the rate of “7
don’t know” answers is at 25%), while in Viterbo respondents seem to consider
power plants a little less risky (Fig. 3). This is quite interesting, since during the
focus group discussion, a few participants raise the issue of heat pump being much
more preferable than geothermal power plants, mainly mentioning the water con-
tamination issue:

I think that low enthalpy could be interesting... but I disagree with the development of
geothermal power plants (Politicians focus group in Viterbo).
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Would you be worried if one of the following plants would be built in your area?
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Fig. 3 Risk perception of a series of energy technology, included heat pump and power plants
(data in percentage)

3.2 The Right Information from the Right Sources

As the Eurobarometer and the GEOCOM results also found, the lack of knowledge
is a key issue for geothermal energy in Italy. It is quite surprising that in two areas
where thermal baths are present since ancient times the people that at least “have
heard” about geothermal energy are 17% in the Palermo Province and 42% in the
Viterbo Province. Within them, 68% thinks that geothermal energy would be
useful, much useful or very much useful in Palermo and 42% thinks the same in
Viterbo; 54% thinks that geothermal energy should be encouraged—very much,
much or partially—in Palermo and 51% in Viterbo (Fig. 4). Finally, when it comes
to hazards, in Palermo 54% answered that geothermal energy would be hazardous
—very much, much or partially—for their community and 73% of inhabitants of
the Viterbo Province said the same.

During the focus group discussion, participants strongly requested more infor-
mation and also gave some suggestions in order to guarantee that correct, impartial
and complete data are provided to the public, discussing sources of information
they would trust the most (e.g. young researchers, local scientists) and the kinds of
knowledge they would like to include (expert and local knowledge). Web infor-
mation are generally perceived as more impartial, since newspapers and television
are described as strongly influenced by either political or private interests. However,
the issue of the reliability of web information was also mentioned by focus groups
participants.

Reliable information [on the web] could be attested by some form of certification: the web
site could be marked/certified by scientists or experts (Citizens focus group in Viterbo)
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Do you think that the use of geothermal energy in your local community would be useful,
to be encouraged, risky?
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Fig. 4 Use of geothermal energy: is geothermal energy useful, to be encouraged or risky in your
local community? (data in percentage)

I would trust a new generation of young researchers (Citizens focus group in Viterbo).
Universities could at least be impartial (Environmentalists focus group in Viterbo).

In my opinion we should approach experts and local people because they are more
informed about the area (Environmentalist focus group in Viterbo).

I think we need information from experts that can evaluate pro and cons (Students focus
group in Viterbo).

To say if we are in favour of this kind of technology, we need to have all the information to
balance pro and cons (Students focus group in Palermo).

We lack public information, which is different from marketing information (Citizens focus
group in Palermo).

What I see is widespread ignorance and no efforts are made to overcome this ignorance
(Stakeholder focus group in Palermo).

3.3 Distrust Toward the Technology Versus Distrust
Towards the Decision Makers

The issue of lack of knowledge dominating the debate was strictly interwoven with
the issue of distrust towards the decision makers. This is not new for social sci-
entists: as we know from Beck (1992), trust act as substitute for knowledge in
complex societies characterized by risks. If we consider trust as a dual concept
(Siegrist et al. 2003) composed by (1) confidence (i.e. the fraction of trust related to
competencies and to the technical ability to operate) and (2) social trust (i.e. the
portion of trust related to common values), it was evident from our focus groups
that the second was consistently missing, in particular when referring to current
elites and establishment. The common ground among participants in both case
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studies is the idea that Italian decision makers (politicians, local administrators,
companies) are not acting for the common good, which, in our case, would be the
development of safe, clean and fair energy technologies and that the
entrepreneurial-political-social system is locked-in by carbon based energy
resources (see also Unruh 2002) and by private interests, opposing to collective
needs.

We lack a culture of the common good (Ex-Fiat workers in Palermo).
We are badly administered (Citizens focus group in Termini Imerese).

We have a very rigid system and if we want to introduce alternative sources of energy we
have structural barriers (Stakeholder focus group in Palermo).

Geothermal heat exploitation is a good idea, but we saw how it worked for wind farms: they
took money from energy subsidies but many plants are not working (Citizens focus group
in Termini Imerese).

I am very pessimistic: there are too many interests (Citizens focus group in Viterbo).

There is no political will to use the competences that are present in a good way (Students
focus group in Viterbo).

Compared to politicians, researchers and scientists are perceived as more “im-
partial”, at least when they are not working for private companies with specific
interests. Both in the focus groups and in the surveys, scientists are indicated as the
most competent actors and as the most reliable source of information: scientists are
perceived as trustworthy as long as they are “independent”. This is a very important
message for the scientific community and together with the request for more
information on geothermal energy it should be taken seriously by researchers and
by public communication of science stakeholders.

3.4 What Future Do We Want to Live in? Public
Engagement with Geothermal Energy as an Opportunity
Jor a Long Term Vision

Another key issue emerging from the debate was about the future of involved
communities and territories. Some participants lamented the lack of a perspective
and long-term vision by local governments. In Viterbo, with the exception of
environmental activists having a quite clear idea of the local priorities and of the
world they want to live in and sharing also some input and suggestions, the different
stakeholder clearly express their concerns about the lack of a vision for the
socio-economic future of their communities. Taking position on geothermal energy
concerns the future of citizens in terms of risks or uncertainty (the unknown
unknowns), but also in terms of local identity.

Viterbo used to be an agricultural, rural, city. Today it may be different. It has become an
industrial city, but after the crisis some industries have declined. As regard to the touristic
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sector, I don’t think there is the will to pin on tourism, it is enough to see how scrufty the
roads are (Citizens focus group in Viterbo).

Where do we want to go? We don’t know. We would have the resources: the mountains,
the sea, the lake, the enviable climate condition... (Citizens focus group in Viterbo).

A completely safe Bolsena lake can attract tourism, support the local economy and rede-
velop the area. This is a land that points at the environmental conservation and on agri-
cultural activities, if you destroy water, you destroy everything.

Viterbo has several problems: it is a town of old people, but maybe the university is
opening a new route... (Citizens focus group in Viterbo).

Termini Imerese has already an industrial area which is becoming a ghost town. We should
convert it, instead of leaving it empty (Citizens focus group in Termini Imerese).

From this perspective public engagement is fundamental to foster a local
development strategy aligned with social values and local features. Besides the
common framework described above, participant are sensitive to some place-related
issues. For example, Viterbo Province is characterized by high arsenic concentra-
tions in aquifers because of the geological features of the area. Water contamination
was a central issue in the focus group debate, even if it was associated with
geothermal energy by few participants:

You don’t know how deep they drill and there is the possibility that they contaminate “good
aquifer” with waters that contain arsenic; this is a big question and the Bolsena lake is the
only one with waters that don’t have high arsenic content (Environmentalists focus group).

In the case of Palermo, the history of local economy and land management is
aligned with the eventual development of geothermal plants: “Since the [abandoned
FIAT] industrial area is here, we could use it to develop new social opportunities”
(Students focus group in Palermo). This resonates with the words of Devine-Wright
(2011, p. 341): “Change in places is not inevitably disruptive, but may enhance
place attachment in situation of good ‘fit’ between symbolic meanings associated
with both place and project”.

4 Framing the Italian Debate

To summarize, in both case studies we found significant openness towards
geothermal energy, but also some potential for controversies, particularly in the area
of Viterbo. Opinions and perceptions around the exploitation of Earth heat are not
strictly fixed in the two areas and the absence of knowledge, together with an
extensive lack of trust in decision makers, could potentially lead to social disputes as
it is significantly happening in Tuscany. Some concerns related to environmental
issues and risks have been mentioned during the discussion, especially in Central
Italy, but the most evident source of concern in both case studies was the lack of trust
towards the political and economical system but not necessarily the technology
itself. Notwithstanding the poor knowledge on the issue, participants were happy to
have their voice heard and to share their views on the energy issue, contributing a lot
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to the discussion, for instance conveying values and experiences to be included in
the decision making process and in the first stages of the local development design.
At the same time, citizens seemed to take public engagement seriously, asking for
competent, complete and transparent information, in order to better contribute to the
debate and according to our results, the most reliable information sources would be
scientists and researchers independent from political and commercial interests.

The results of this study suggest that the engagement of different stakeholders in
the decision making process could help in rebuilding trust towards the different
social actors in the long-term. Benefits would be at different levels. (1) Upstream
engagement of different actors can improve the quality of future geothermal pro-
jects, bringing knowledge and experiences in the project itself. (2) Empirical
research on wind energy shows that the perception of unfair decision making process
can reinforced opposition towards single projects, whilst collaborative decision
making is more conducive to the eventual developments based on shared values,
enhancing the democratic legitimacy of the choices adopted. (3) Public engagement
could also be integrated with information activities, contributing to increase the
awareness of the public and other relevant stakeholders on geothermal energy.
(4) Last, but not least, considering that participants request a clear vision for the future
of their communities, public engagement could foster a collective commitment on the
subject. In a sense, it is what Alvin Toffler named “anticipatory democracy”, meaning
“a continuing plebiscite on the future” (Toffler 1970), a concept that we find also in
the framework of Responsible Research and Innovation (RRI).

According to RRI process dimensions, practicing a more responsible research
and innovation requires that processes are (also): (1) Anticipative & reflective,
envisioning impacts and reflecting on the underlying assumptions, values, and
purposes to better understand how research and innovation (R&I) shapes the future,
yielding to valuable insights and increasing our capacity to act on what we know”’;
(2) Diverse & inclusive, involving early a wide range of actors and publics in R&I
practice, deliberation, and decision-making to yield more useful and higher quality
knowledge, strengthening democracy and broadening sources of expertise, disci-
plines and perspectives. In this sense, traditional public engagement methodologies
(e.g. deliberative focus groups, public consultations, consensus conference, etc.)
could be integrated by foresight, technology assessment and scenario development,
stimulating the reflection on eventual impacts and the sustainability of new
developments.

This approach is further sustained by the concept of geoethics, consisting “of
research and reflection on the values which underpin appropriate behaviours and
practices, wherever human activities interact with the Earth system”.'® As the
human interference with the geosphere increases, the need of upstream integration
of public concerns into research and innovation requires open approach to inclusive
governance (Meller et al. 2017).

thtps://www.rri—tools.eu/about—lri.
Phttp://www.geoethics.org/.
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Considering the extensive distrust and the central role played by local values and
experiences emerged from the social acceptance studies conducted so far in Italy, a
further suggestion is that public engagement would benefit from a polycentric
approach'" (Ostrom 2010) based on social capital. Social innovation theories and
several communities experiencing a self-, collective-, decentralized-, participated-,
management of resources show that local engagement in resources management
improves the community wellbeing (Pretty 2003), providing cumulative benefits at
the global level. “Polycentric systems tend to enhance innovation, learning, adap-
tation, trustworthiness, levels of cooperation of participants, and the achievement of
more effective, equitable, and sustainable outcomes at multiple scales” (Ostrom
2010, p. 552). According to this approach, the development of a public engagement
based level of governance could contribute to the development of an essential
relationship of trust among societal actors operating in the geothermal energy field
in Italy.
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Issues Around Geothermal Energy )
and Society in Japan e

Kasumi Yasukawa

Abstract From 1967 geothermal power generation in Japan increased rather rapidly
till 1999. The main players had been private sector supported by government’s
subsidies. However various socio-economic reasons prevented private sectors from
investing in new geothermal development in the 21st century. Legal frameworks and
regulations kept geothermal power generation in Japan quite costly and opposition
by local people involved in “hot-spring business” delayed geothermal projects. Then
finally after the great east Japan earthquake and its following nuclear accident in
2011, the federal government renewed economic supports for geothermal develop-
ment and modified some regulations which had been limiting geothermal develop-
ment. Therefore, the currently remaining biggest barrier to geothermal development
is social acceptance especially by local hot-spring business people. Although social
study on this matter has just started recently and has not been applied to real system
yet, experience from the past failure project enables us to consider possible solutions
to apply to the society. Thus the federal government has begun supporting activities
by developers or local governments for social acceptance.

Keywords Japan - Hot spring « Social acceptance - Local stakeholder

1 The Geothermal Resource in Japan and Its Potential
to Meet Energy Demand

1.1 Geothermal Framework in Japan and Other Energy
Sources

Located along Circum-Pacific Volcanic Belt “Ring of Fire,” Japan is blessed with
geothermal energy. Its theoretical potential to a depth of 3 km is over 20 GW,
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Table 1 Electric power source mix in Japan: before and after the nuclear accident in 2011, and
target in 2030

2010 (just before 2014 (for 2030 (Target)
nuclear accident) total, 2013)

Total power demand n.a. 966.6 TWh 980.8 TWh

Coal (%) 25.0 31.0 ~26

0Oil (%) 6.6 10.6 ~3

LNG (%) 29.3 46.2 ~27

Other gas (%) 0.9 0 0

Nuclear (%) 28.6 0 ~20-22

Hydro (%) 8.5 9.0 ~9

Other renewable (geothermal) 1.1% (0.25%) 3.2% (0.2%) ~13-15% (1%)

Data source ANRE (2016)

(Muraoka 2009). However the use of geothermal energy in Japan is quite limited;
its contribution to national power supply is merely 0.2% with a total installed
capacity of 518 MW, (Yasukawa and Sasada 2015). Although the use of renewable
energy, especially solar PV, rapidly increased after the nuclear accident triggered by
great east Japan earthquake in 2011 (Table 1), use of geothermal power has not
been increased yet because of its long leading time. The federal government has a
target energy mix for 2030 in which drastic increase of renewable energy is
expected, but a modest target is given for geothermal power mainly because of its
long leading time and other social issues (ANRE 2016). Still, this modest target is a
challenge to triple its capacity from 510 MW to 1400 MW, producing 9.8 TWh
annually.

In addition, there is a long-term target toward 2050 by implementing
“Supercritical geothermal power generation.” Cabinet Office, government of Japan
placed supercritical geothermal power generation as one of the eight most priori-
tized technologies to drastically reduce CO, emission in “National Energy and
Environment Strategy for Technological Innovation towards 2050” (Council for
Science, Technology and Innovation 2016). This technology is considered having
the potential to increase Japan’s geothermal power generation volume by an order
of 10 or even greater, although there are diverse scientific unknowns and necessary
technological breakthroughs. It is expected that plural commercial power plants fed
by supercritical geothermal resources will be in operation in 2050 with a total
capacity of 50-100 GW.
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1.2 Short History of Geothermal Energy Development
in Japan

1.2.1 Beginning

Geothermal energy has been historically used for bathing “onsen” for a millennium
or more and it has been playing a quite important role in tourism for centuries in the
nation. The first experimental geothermal power generation in Japan was built in
1925 in Oita by Tokyo Electric Light Co., Ltd., with a capacity of 1.12 kW by
using steam produced from an 80 m deep well (GRSJ 2000). Geological Survey of
Japan (GSJ) began geothermal resources assessment in 1947. With geoscientific
support of GSJ, Japan Metals & Chemicals Co. Ltd. began operation of the first
geothermal power plant, the Matsukawa power plant, in 1967 with a capacity of
9,500 kW for domestic use in their firm. Triggered by oil crises in 1970s, The
Agency of Natural Resources and Energy (ANRE), Ministry of International Trade
and Industry (presently the Ministry of Economy, Trade and Industry, METI)
settled New Energy Development Organization (present New Energy and Industrial
Technology Development Organization, NEDO) in 1980. NEDO conducted
nationwide resource assessments and geothermal technology development with the
support of national institutes and private sectors. Subsidies for geothermal drilling
had been given by METI through NEDO to private sectors. Thus, seventeen
geothermal power plants had been developed with a total capacity of 530 MW by
1999. The main players were always domestic companies although overseas
technologies were partially hired in many cases. Note that the key players had not
been electric power companies (except for Kyushu Electric Power Co., Inc.), but
subsurface resource developers such as metals or oil & gas companies who pro-
vided steam to electric power companies. This business model was due to the
Electricity Business Act of the time, which allowed electricity production and sales
only for existing electric power companies certified by the government.

1.2.2 Stagnation

After 1999, no new geothermal power plant was put in operation for more than a
decade mainly because of legal and socio-economic barriers explained below.
Under the federal policy pushing nuclear power, laws and regulations which limit
geothermal development had not been improved. For example, equipment and
operation of geothermal power plant needs to meet the same safety regulations as
nuclear or thermal plant in a category of “steam turbine”, which is extremely
over-spec and costly for geothermal plant. Geothermal development in Japan is not
conducted under Mining Law which gives licence for regional development but
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under Hot Spring Law' in which each drilling needs to get permission from local
government. This process is so time consuming that a development project may be
delayed for months or even for a year especially if the site is closed in snow season
that is very common in geothermal prospects in northern Japan. Furthermore,
electric power companies imposed penalties to geothermal developers when they
could not provide enough steam for rated output in their contract. Even with a
reservoir decline, geothermal business could be economically sustainable if a same
company operate subsurface reservoir and power plant, but it was not the case.

Other reasons which discourage geothermal development are restriction in nat-
ural parks and negative campaign by hot spring owners. Eighty percent of
geothermal resources in Japan are present inside natural parks, where development
was strictly prohibited, while resources outside parks have generally low quality.
On the other hand, many hot spring owners running onsen inn business are con-
cerned about potential degradation of their springs due to geothermal development.
They often make negative campaign against geothermal development influencing
the other local residents. It results in social acceptance of geothermal power gen-
eration from local residents extremely difficult. Therefore, private sectors found
geothermal business not economically attractive even with governments’ subsidies
for drilling.

1.2.3 New Opportunity

In summary, the three major reasons of stagnation of geothermal development in
Japan were; (1) regulations on natural parks, (2) high development risk and cost and
(3) negative campaign by hot spring owners.

The former two problems have been somewhat mitigated after the nuclear
accident caused by great east Japan earthquake in 2011: the federal government
changed several regulations on natural parks (Nature Conservation Bureau 2015)
and gave new economic incentives to geothermal developments through Japan Oil,
Gas and Metals National Corporation (JOGMEC, a funding agency of METI) such
as subsidies for exploration or drilling and debt guarantee for construction
(JOGMEC 2016). Liberalisation of electricity market, which had been in slow

"Hot Spring Law was originally made for protection of hot spring resources because enlargement
of hot spring business had endangered hot spring aquifers. Legally in Japan, geothermal fluid is
considered as hot spring fluid so that geothermal drilling should be conducted under Hot Spring
Law. This law prohibits to drill a new well within 300 m from existing hot spring wells. Each new
drilling needs agreements from nearby hot spring well owners to get drilling permission from the
authority. Its drilling permission is given from prefecture government after decision by local
committee which assembly is only once in few months and the decision would be postponed if
they cannot conclude in one assembly. Therefore, the drilling permission process is quite time
consuming for geothermal developers. For a drilling permission, the location of the new well
should be precisely indicated. Since the location of each geothermal drilling is carefully decided
based on the available data at each stage, geothermal developers get drilling permission one by
one, waiting for few months or more each time.
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progress since 1995 but accelerated after the nuclear accident, also encouraged
geothermal developers. Cabinet Office decided to fully liberalize rights for gener-
ation and sales of electricity from April 2016 and transmission will be liberalized in
2018 as well (METI 2015a) so that any geothermal developer is able to generate
and sell electric power.

Although the third problem, resistance of hot spring owners may not be easily
mitigated by the government’s regulations, but at least the Ministry of Environment
(MOE) made a new guideline for geothermal drilling under Hot Spring Law in
2014, in which standard procedure of discussion among stakeholders is indicated
(Nature Conservation Bureau 2014). The guideline also set a time limit for issuing
drilling permission, which is a great help for developers. Given such supports from
the government, private sectors started moving toward geothermal development.

Thanks to geothermal Feed in Tariff (FiT) that started in 2012, dozens of new
geothermal power plants have opened in Japan. However, the total capacity of these
new power plants is merely 10 MW in 19 regions (as of 2016) while that of plants
in operation before FiT took place is 510 MW in 17 regions. Only small power
plants could make quick start because they didn’t need to spend time for resource
assessment, environmental assessment and social acceptance activities. Two full
scale geothermal power plants, 7.5 MW or larger that need environmental assess-
ment, are under construction in Akita and Iwate, and are planned to start operation
in 2019. Several other large ones are currently under exploration or construction.

1.3 Current Energy Demand in Japan

The current total energy demand in Japan is around 15 x 10'® J (ANRE 2017).
According to METT (2015b), 75% of energy demand is heat and the rest is elec-
tricity in 2013 as shown in Fig. 1 (left). This 75% includes gasoline and diesel for
transportation. Since transportation section occupies 23% of the total energy
demand of the nation (ANRE 2017) as shown in Fig. 1 (right), the genuine heating
demand would be around 52% of the total energy demand.

Although Japan is one of the biggest direct use countries (Lund and Boyd 2016;
Yasukawa and Sasada 2015), most of them are contribution from bathing in hot
springs and there exist no official data of geothermal heat energy use. The data of
heat energy use for bathing in Yasukawa and Sasada (2015) is obtained by cal-
culation from the annual number of visitors to hot spring inns. Such direct heat use
of geothermal energy is not included in the official energy demand and supply data
explained in the former paragraph as shown in Fig. 1.
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Fig. 1 Transition of the total energy demand (right) and breakdown of energy demand (left) in
Japan. Data source METI (2015b) and ANRE (2017)

2 Public Engagement Activities/Social Acceptance
Assessment in Japan

2.1 Activities Being Conducted on Issues Around
Geothermal Energy and Society

ANRE has been giving subsidies for social activities held in regions of geothermal
prospects to share right knowledge of geothermal energy among local people since
2012. Its purpose is to promote geothermal development by achieving better social
acceptance. Either a private developer or a local government (prefecture or
municipal) is able to apply for this scheme if there is an on-going development
project of geothermal power generation in the region. Involvement of a local
government is mandate even if the main player is a private sector. The activities are
categorized into hardware and software. The former is to construct a showcase-type
of heating facility using excess geothermal heat, such as foot bath or greenhouse
which is beneficial for local citizens. The latter is to hold educational events for
local citizens, such as series of seminars and/or excursions to understand advan-
tages of geothermal energy use and to learn best practices.

Since geothermal development in Japan is conducted under “Hot Spring Law”
controlled by MOE, the concept of “mining area” is not applied and developers
needs to get permission from authority (= prefecture government) for each drilling
(no matter exploration well or production well, as long as a borehole is drilled in a
region where geothermal water is expected). This decision making process by local
authorities was unclear and sometimes it took longer than a year. MOE made a
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guideline for this permission process especially for geothermal drilling in 2014,
appointing a time limit for the decision making. The guideline requests local
authority to organize a council which consists of local stakeholders and neutral
academia(s) who can give scientific advice on subsurface systems for the judgement
of each drilling. Therefore, at present prefecture governments organize such council
when a drilling permission is requested by geothermal developer and respond by
the time limit set by the guideline.

2.2 Social Science Studies for Promotion of Geothermal
Energy Use

2.2.1 Studies Related to Social Acceptance

The role of governance in geothermal business has been studied by a group in the
Tokyo Institute of Technology (Suwa et al. 2018). Out of this group, Uechi et al.
(2013) studied the factors that could influence community acceptance of geothermal
development by comparing two geothermal projects in Japan, a successful case in
the Yanaizu-Nishiyama area, Fukushima, and a failure case in the Oguni town,
Kumamoto. The noticeable difference between the two cases are recognition of
benefits and risks and equity in process, although expected benefits and risks were
equivalent and communication with the local communities had begun at a quite
early stage for both projects. In Oguni, a larger diversity of the stakeholder opinions
on the benefits of geothermal energy use was observed. For risk recognition and
equity in process, the developer at Oguni had simply explained that there was no
risk of impacts on the hot springs while the developer in Yanaizu-Nishiyama had
concluded a written agreement on risk management with the local stakeholders at
an early stage of construction. These results show the importance of open infor-
mation on both benefits and risks as well as equity in process.

An approach of agent-based model for social acceptance of geothermal devel-
opment has been studied by a research group in Tohoku University (Bahr and
Nakagawa 2016) with collaboration with the Colorado School of Mine. The model
shows the patterns of connections of the local people and how the information
reaches to each person in the region. The results suggest effective ways to distribute
information for each type of connection pattern. It may be applied for real cases by
geothermal developers to distribute information on geothermal energy and make
better relationship with local residents.

Kubota et al. (2013) in Central Research Institute of Electric Power Industry
(CRIEPI) identified the variation in local residents’ risk and benefit recognition to
facilitate the resolution of the problem related to social acceptance of geothermal
development. They conducted a census to local hot spring owners and general
public on recognition of risk and benefit of geothermal energy use. The result shows
that there is a controversy among hot spring owners regarding the benefits of
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geothermal development depending on the conditions and locations of hot spring
wells, in addition to the business scale and to the structure of hot spring facilities.
A subset of general public who enjoy hot spring visits tend to appreciate geothermal
power generation more than the rest. Thus, it would be better for hot spring owners
and municipal governments to realize that their customers are generally positive
about geothermal development. Awareness of geothermal power generation by the
general public is lower than that of solar and wind power although another form of
geothermal energy use, hot spring, is quite popular (Kubota 2015). This study has
been extended to survey of local stakeholders’ attitude (Yasukawa et al. 2017).
Since stakeholder attitudes and needs are diverse, developers’ approach for social
acceptance should differ for each geothermal prospect accordingly to the condition.
The results of this study suggest that governments and developers should continue
providing information to improve social acceptance. An analysis of the life cycle
CO, emission, an important information affecting geothermal power generation
stakeholders’ opinion, was carried out by Imamura et al. (2016) in CRIEPI and
showed that small hydro power and geothermal power have lowest CO, emission
among all power sources in Japan.

From National Institute of Advanced Industrial Science and Technology (AIST),
Soma et al. (2015) introduced concept of Overall System Design (OSD) aiming at
maximizing both developer’s profitability and local people’s acceptance. The most
appropriate design of the geothermal utilization system may vary with time because
different exploration stage gives different level of accuracy in subsurface systems
and longer interaction among stakeholders gives different level of social acceptance.
When trade-offs between social acceptance and developers’ profit occurs, the
concept of “Pareto optimal solution” may be applied to find out acceptable solution
for both sides. Soma et al. (2015) shows only concept of OSD: for its realization,
intensive survey to collect “objective data”, such as drilling cost, surface system
cost, expected local economy effect, etc., is needed. AIST has also been introduced
geochemical approach which is useful to explain relationship between geothermal
reservoir and hot spring aquifers to hot spring owners. Yasukawa et al. (2018)
categorizes hot spring fluids into seven types based on geochemistry and shows
possible influence of geothermal development onto each type of hot spring.

2.2.2 Socio-economic Analysis

Socio-economic analysis has been done by CRIEPI. Hienuki et al. (2015) analysed
life cycle employment of solar, wind and geothermal power generation in Japan
using an extended-input-output model. The calculated embodied employment
intensity of a 50 MW geothermal power plant is 0.89 person-year/GWh of which
66% is for operation and maintenance. The employment intensity for solar and
wind powers are 2.8 and 0.69 person-year/GWh, respectively but these employ-
ments are mostly outside the local area: major employment is for manufacturing in
other region and even operation and maintenance are done from remote region.
From this paper, the following may derive: local employment for geothermal power
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would be 0.59 person-year/GWh because operation and maintenance are normally
done by local employee. It suggests that its local labor intensity is higher than solar
or wind power although total labor intensity is rather low, meaning that energy cost
of geothermal power is lower but good for local economy. Since Hienuki et al.
(2015) applies capacity factor of 80%, 0.59 person-year/GWh is easily converted
into 4.12 person/MW. Interestingly, this number shows good match with the actual
geothermal power plant in Japan. Soma et al. (2015) shows that the number of local
employee for Yanaizu-Nishiyama geothermal power plant is 156. Since its running
capacity is approximately 30 MW, its labor density is 5.2 person/MW. A larger
plant capacity used in the model calculation might result in slightly lower local
labor intensity than the real case at Yanaizu-Nishiyama.

2.3 (itizens and Stakeholder Participation Activities

As was explained in Sect. 2.1, ANRE has been giving subsidies for activities to
disseminate sound knowledge on geothermal energy use among local people and
developers. Here, “knowledge” includes scientific/technological aspects and social
aspects, such as case study from other regions where win-win relationship has been
made between developer and local residents by economically feasible cascade use,
etc. Either a developer or a local government is able to apply for this scheme. These
activities typically include a series of seminars, inviting geothermal (and sometimes
environmental, legal or economic) experts as lecturers from outside the region, who
are neutral about the development project. In many cases, especially when the main
player is the local government, local stakeholders hold discussions through the
seminars on what kind of geothermal development is most suitable in the region.
Since there are many different opinions on geothermal development even among
local citizens, representatives of local industry (shops and factories), local tourism,
local agriculture, and hot spring owners are invited to such discussion and any
citizens are able to attend as observers.

Moreover, as written in Sect. 2.1, MOE made a guideline for permission process
of geothermal drilling, which requests local authority to organize a council to judge
each case. Since the council, to which developer explains the whole geothermal
development project and specific drilling, consists of local stakeholders and neutral
academia(s), it is another chance that stakeholders of the both sides share infor-
mation and discuss intensively.

2.4 Geothermal Debate/Controversies in Japan

Although lots of efforts have been done for social acceptance of geothermal energy
use, it might not be enough. Delay and termination of geothermal developments,
due to opposition by group of local people are still occurring recently. After a
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catastrophic accident at Fukushima Daiichi nuclear power plant in March 2011, the
federal government announced a new large scale geothermal development in
Fukushima in 2012. When a group of hot spring owners in the region reacted with a
negative campaign, putting a full page advertisement saying “we are against
geothermal power generation by deep drilling” in a local newspaper,” the large
development project disappeared (in another words “postponed without any specific
time schedule”. Nothing has been clarified by the government to avoid further
troubles). There were probably two factors behind this “successful” negative
campaign: (1) A strong advocator of negative campaign in the nation lived in this
region, and (2) citizens in Fukushima consider the federal government not trust-
worthy because of its non-transparent attitude after the nuclear accident. Possibly,
the large-scale power plant reminded them of the traumatic nuclear power incident.

In Ibusuki city, Kagoshima, a geothermal development was planned by the
municipality with an agreement of the local assembly. However, it was stopped by a
new city mayor in 2016 without sufficient discussion in the assembly. The new city
mayor was against all policies made by his political opposition including the former
city mayor who led the geothermal project. It looks that no real debate has been
done in this case, but it can be taken that the project was abolished due to potential
controversies among citizens. Similar stories, termination of project by a purely
political reason without sufficient discussion, have been heard from other regions,
too.

Other controversies are emerging among geothermal developers. The price of
geothermal FiT in Japan is JPY40 + tax/kWh for plants of capacity below 15 MW
and JPY26 + tax/kWh for capacities of 15 MW or larger.” High price is set for
smaller units because exploration is still necessary for smaller systems, which is
costly in principle. However, some private companies started new businesses using
high FiT price, buying a land close to already existing geothermal power plants and
drill wells without any systematic subsurface survey. Interference of such wells to
surrounding hot springs and nearby geothermal wells is a new matter of concern. In
some case hot spring owners also have such small geothermal power plants, and are
positive about small power plant using shallow hot spring wells. But in most cases
they are quite negative about large scale geothermal development.

3 Results and Discussions

Social science studies related to geothermal development have just started in Japan.
Their major approaches are opinion surveys, analysis of past cases and modelling of
human connection and thus their results have not been applied to real cases yet.
Nevertheless, solutions to problem against geothermal developments have been

?Fukushima Minpo dated October 4, 2014.
*http://www.enecho.meti.go.jp/category/saving_and_new/saiene/kaitori/fit_kakaku.html.


http://www.enecho.meti.go.jp/category/saving_and_new/saiene/kaitori/fit_kakaku.html

Issues Around Geothermal Energy and Society in Japan 189

considered and conducted based on the experience in the past geothermal devel-
opment projects.

For the problems among stakeholders, such as possible interference to existing
hot spring wells caused by the new geothermal business, the federal government
(ANRE, METI) made a new rule on submission of FiT, requesting monitoring of at
least three surrounding hot spring wells in 2017. Also local municipals, such as
Oguni town and Minami-Aso village in Kumamoto, Beppu city and Kokonoe town
in Oita, Kirishima city and Ibusuki city in Kagoshima, and Hachijo-town in Tokyo
set their own regulations partly regarding this problem and partly promoting
geothermal developments (JOGMEC 2017). JOGMEC made up an “advisory
committee” by a group of geothermal experts from academia and national institute
in order to give neutral technical advises to local governments (both prefecture and
municipal) in 2016. Local governments request advices on specific development
project (if they should issue permission or not, etc.), or on new geothermal regu-
lations of the region.

Existence of strong negative advocator is unavoidable and unreliability of federal
government may not be released in short time. However, it may be solved in the
future by careful explanation and continuous discussion among developer and local
stakeholders by providing transparent data. Through such steps, study of social
acceptance may be applied for actual cases.

Role of environmental NGO has not been taken account in socio-economical
study yet. Activity of environmental NGO is not all that powerful in Japan, but
some local environmental NGO are against geothermal development. Cooperation
with environmental NGO with global environmental viewpoint could give a new
perspective to geothermal developers.

4 Conclusions

The government promotes geothermal development by subsidies for drilling and
giving economic incentives by FiT. Social acceptance, especially co-existence with
hot spring business, has been a matter of concern in Japan for decades and still is
the biggest barrier of geothermal development. Geothermal development projects
have been delayed or stopped by negative campaign by group of hot spring owners.
Some studies on social acceptance of geothermal use have been done in recent
years, but their results have not been applied sufficiently for the time being.
Federal government, especially METI recognized that geothermal development
has not been well accepted by local people yet and started giving subsidies for
activities to raise social acceptance if the activity is led by or collaborated with the
local government. Its effect is not clear yet, but at least more citizens are aware of
benefit of geothermal energy use than before. MOE gave guideline for geothermal
drilling, which recommend to establish a local council consisting of stakeholders
and neutral experts. High price of geothermal FiT raise new problem of resource
development interference, which gives troubles to local government in issuing
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permission. JOGMEC made an advisory committee composed by geothermal
experts to give technical advice to local government.

The involvement of local government into geothermal project is getting
prominent than ever before. Thus, cooperation of developers, academia, local and
federal governments are gaining importance and their roles are getting clearer.
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New Zealand’s Public Participation M)
in Geothermal Resource Development i

Katherine Luketina and Phoebe Parson

Abstract New Zealand has a unique regulatory regime to sustainably manage its
geothermal resources. Public and stakeholder consultation is required in geothermal
policy development, and individual geothermal developments require notification to
and consultation with these stakeholder groups. In addition to providing brief
descriptions of New Zealand’s current geothermal resource uses and development,
this paper outlines geothermal regulation and policy with a focus on public
opportunities to participate in the development of geothermal resources. Brief case
studies show historic failure and lessons learnt in public and stakeholder partici-
pation, particularly in relation to New Zealand’s indigenous Maori people.
Regulatory management of geothermal resource information and data is also dis-
cussed in the context of public participation.

Keywords New Zealand and Maori - Resource management - Sustainable
management - Environmental information

1 Introduction

New Zealand is an island nation in the south-west Pacific Ocean, made up of two
large islands and approximately 600 smaller islands. It occupies approximately
268,000 km?, and has a population of 4.8 million, comprising 74% people of
European extraction, 15% people who identify as the indigenous Maori people,
with the rest made up of Asian, Pacific, and other ethnicities. English and Maori are
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the official spoken national languages. New Zealand is a member of the British
Commonwealth and has a stable parliamentary democracy.

New Zealand is a member of the Organisation for Economic Co-operation and
Development and ranks highly in international comparisons of national perfor-
mance, such as health, education, economic freedom, transparency in Government
and business dealings, and quality of life. Tourism, dairy produce, meat, timber
products, wool, fruit, fish, and wine are New Zealand’s main export products. A mild
climate and fertile soils lend themselves to primary production. The country’s
abundant natural energy resources include a mixture of high and low-temperature
geothermal resources. It pioneered geothermal energy development, being the sec-
ond country world-wide to harness geothermal energy for electricity production, and
the first to use two-phase fluid. Currently, 17% of the nation’s electricity is from
geothermal resources. New Zealand is the world’s largest user of geothermal heat for
direct primary energy supply, used in wood processing, horticulture, aquaculture,
apiculture, and commercial and domestic space and water-heating. Geothermal
tourism is also a major user of geothermal resources.

1.1 Energy Demand

Geothermal energy provides stable baseload electricity, which is important in New
Zealand’s context of phasing out coal and gas, and with its fluctuations of hydro
and wind renewable energy sources. Broadly, there is secure access to electricity
throughout New Zealand except for a very few remote and sparsely populated
locations, which generally have their own private energy supply. Electricity pro-
duction amounts to approximately 132,000 GWh per annum (MBIE 2017).
Currently, energy supply meets demand and there are no large electricity plants
under construction. Although resource development permits have been issued for
some additional geothermal and wind power stations, these developments are either
partially implemented, on hold, or have been relinquished. Increases in efficiency of
electricity conversion have led to a decline in demand. This is mainly due to the
replacement of incandescent light bulbs with LEDs, increased use of air-sourced heat
pumps instead of electric heaters, government subsidies for domestic retro-fitted
insulation, and new rules for energy-efficient building. In addition, the future of the
country’s largest electricity user, the Tiwai aluminium smelter, is in doubt and
closure of the company would create an excess of generating capacity. However,
there is likely to be an increased demand for clean energy sources to replace elec-
tricity generated by fossil fuels under the Labour-led coalition Government.
Because New Zealand has an equable climate without extremes of heat or cold,
in the past space heating or cooling has not been a particular consideration. In
addition, electricity and natural gas have traditionally been relatively inexpensive,
and many people have had free access to firewood for domestic heating. However,
with populations becoming more urbanised, and greater comfort being expected,
ground-sourced heat pumps are increasing in popularity in the colder South Island.
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This is particularly so for large buildings such as airports, libraries, and swimming
pool complexes. In the North Island, in the three towns sited on geothermal sys-
tems, Rotorua, Taupo, and Tokaanu, many buildings have a shallow geothermal
bore supplying hot water or steam for spa bathing, water heating or space heating.
However, mainly due to high upfront installation costs and the complexities of
coordination between potential users, there has been little uptake of more
energy-efficient district heating schemes (Lind 2012).

1.2  New Zealand’s Geothermal Resource

New Zealand sits astride the boundary between the Pacific Plate and the Australian
Plate, and is prone to earthquakes and volcanic activity. The Taupo Volcanic Zone
(TVZ), a band of active volcanism stretching from Mt. Ruapehu in the central North
Island northeast to White Island (Whakaari) in the Bay of Plenty and beyond,
contains all but one of the country’s twenty recognised high-temperature geother-
mal systems (Fig. 1). The other large, high-temperature geothermal system is at
Ngawha in the Northland Region.

Geothermal resources are used for a variety of purposes, falling into four main
categories: electricity production, heat applications, tourism, and ecosystem ser-
vices including provision of habitat and mediation of toxic inputs to other
ecosystems.

1.3 History of Geothermal Electricity Development
in New Zealand

New Zealand has fifteen geothermal power stations on eight geothermal fields, as
shown in Fig. 2. Together they have an installed capacity of approximately 1000
MWe and produce 17% of New Zealand’s electricity. Hydroelectricity accounts for
61% of the nation’s electricity, natural gas provides 12%, wind, 6%, and the
remaining 3% is provided by coal and biomass (MBIE 2017). This means that
electricity is 84% from renewable sources, a figure the central government intends
to increase to 90% by 2025 and to 100% by 2035, with gas and coal being replaced
by geothermal and wind. New Zealand has never developed nuclear energy for
electricity generation, and successive governments have promoted nuclear-free
policy since the mid-1980s.

The Wairakei Power Station (Wairakei), commissioned by the government in
1958, was the second commercial-scale geothermal electricity station in the world,
the first being at Larderello, Italy. Wairakei was the first geothermal power station
to process geothermal fluid in two phases, in a mixture of steam and liquid water, as
Larderello is on a dry-steam field. In the mid-1990s a privately owned geothermal
power station commenced operating on the Wairakei geothermal field, the first
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Fig. 1 Map of the geothermal resources of New Zealand

power station of any kind in New Zealand that was not solely government-owned.
Since the 1990s the government has corporatised and partly sold off most of its
geothermal generating capacity, but retains full control of the central electricity
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transmission grid. Electricity is bought and sold on an open market (with some
regulatory control over price maxima), consistent with New Zealand’s strongly free
market economy, and there are no electricity generation tariffs or subsidies.

Contact Energy Ltd (Contact Energy) and Mercury Energy Ltd (Mercury) are
now the two main geothermal electricity producing companies. They are publicly
listed companies that were previously government-owned, and the government still
retains the majority shareholding in Mercury. Most of Mercury’s geothermal power
stations are joint ventures between Mercury and local Maori groups who own the
land overlying the geothermal resource or who have indigenous rights regarding the
geothermal resource. Contact Energy does not have a majority shareholder. There
are several smaller geothermal operators at Kawerau (Bay of Plenty Region) and at
Ngawha (Northland Region), mostly New Zealand-owned.

1.4 Industrial Heating Application Strategy

In January 2017, the New Zealand Geothermal Association launched the
Geothermal Heat Strategy for Aotearoa NZ, 2017-2030 (Climo et al. 2017). The
Strategy, which has the support and financial backing of central and local gov-
ernment, economic development agencies and industry, provides a pathway to grow
direct industrial geothermal energy use in New Zealand. It seeks to achieve sig-
nificant primary energy and job targets between 2017 and 2030, through such
measures as:
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creating new businesses that grow and diversify the use of geothermal heat
converting more heat-intensive industries from fossil fuels to geothermal energy
e supporting regional economic and social development by fostering job-creating
industries, and
e increasing the uptake of renewable low carbon energy.

By the year 2030, the strategy aims to increase annual direct primary geothermal
energy use by 7.5 PJ in new projects, thereby providing direct and indirect
employment for an additional 500 people. This will require the creation of four or
five larger heat use projects over the next decade: for example, for timber pro-
cessing and large greenhouses; as well as a range of smaller projects, such as for
bathing and smaller-scale greenhouses. The Strategy focuses on the higher tem-
perature Central North Island and Northland geothermal resources, but does not
exclude lower temperature resources in other regions.

2 Geothermal Energy and Society in New Zealand

2.1 Introduction

Since the time New Zealand was first settled by Maori and then Europeans, people
have lived among geothermal resources, and used them for a variety of purposes,
including heating, bathing, cooking, and balneology. Geothermal features are
highly valued for their spectacular colours, exciting and dynamic geysers and
erupting mud pools, and the experience of seeing, smelling, hearing and feeling the
earth’s energy (Fig. 3). Geothermal tourism is a major contributor to New
Zealand’s large tourism industry, with many tourism facilities based around the
TVZ, each facility providing a unique natural experience, often with the addition of
traditional Maori cultural interactions.

In the Waikato Region, there are approximately 50 geothermal tourism sites,
including bathing facilities, nature tourism, and technology-related tourism. The
Bay of Plenty Region also has many sites undertaking similar activities, in par-
ticular in Rotorua District where cultural geothermal tourism is a key feature,
including Te Puia, one of the country’s most visited tourism businesses.

Geothermal direct heating applications in the TVZ include heating greenhouses
to grow flowers, vegetables and native plants; timber drying; production of honey
and associated products; process heat for a timber mill; a milk drying plant, and
space and water heating for domestic, municipal and commercial uses. The
Kawerau geothermal system supports the world’s largest use of geothermal heating
application, with several industrial facilities producing wood pulp, paper and
heat-treated timber (Bloomer 2015).

Regionally, geothermal ecosystems are recognised and protected as rare and
extremely fragile, as many are impossible or almost impossible to restore once
damaged. The ecosystems buffer the biosphere from the high temperatures and
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Fig. 3 Geothermal tourism contributes to the economy and provides employment © WRC

toxic chemicals in geothermal outflows (Fig. 4). As a geothermal discharge flows
over sinter terraces, it cools and adds to the sinter, depositing minerals in the
process. Thermally tolerant plants and micro-organisms living in the outflow extract
further minerals. Geothermal biota and animals make significant contributions to
biological diversity, scientific understanding, scenery and aesthetic enjoyment.
Regional policy for geothermal resources is based on scientific resource assessment;
ecological studies; social, economic, and environmental research; and on stake-
holder consultation to ensure the views of interested and affected parties are taken
into account.
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Fig. 4 Geothermal ecosystems are highly valued © WRC
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2.2 Maori and Geothermal Resources Overview

From the time the Maori people arrived in New Zealand between 1250 and 1300
CE, they have used geothermal resources for many purposes including the provi-
sion of hot water and steam for bathing and cooking, timber treatment and dyeing,
cosmetic, healing, and ceremonial purposes. Geothermal resources are considered
to be a treasure of great cultural and spiritual value. Maori oral histories and legends
have geothermal and volcanic resources intertwined in the narrative of the creation
and history of the land of New Zealand, known in the Maori language as Aotearoa.

Aotearoa-New Zealand’s human history can be divided into two segments,
pre-European and post-European. European settlers started to arrive en masse in the
early 1800s, mainly from Britain. The nation of New Zealand was subsequently
founded after the signing of the Treaty of Waitangi 1840 (the Treaty) between
representatives of the British Crown and a majority of Maori chiefs in 1840. The
Treaty recognised the sovereignty of Maori as ‘first peoples’ and provided the
Maori people with the Crown’s protection and with rights of citizenship as subjects
of the Crown. Maori were to retain sovereign control of their lands, forests and
fisheries and other taonga (treasures) while the Treaty agreement enabled settlement
by British and other settlers. However, once the New Zealand Parliament was
established, the Treaty became marginalised by lawmakers and successive gov-
ernments. Wars were waged by the Crown against various Maori tribes, which
deprived Maori of their lands, and laws were passed that further enabled land
confiscation or other forms of Maori land dispossession.

In 1975 the Government set up the Waitangi Tribunal (Treaty of Waitangi Act
1975) to investigate claims by Maori relating to actions or omissions of the Crown
in respect of breaches of the Treaty by the Crown. As a result of Treaty claims made
by Maori, many geothermal areas have been returned to Maori ownership, and in
those cases Maori tribes are now able to fully participate in the use and develop-
ment of geothermal resources for the benefit of their people, whether it be through
electricity production, tourism ventures, or direct heat application.

The country’s first four geothermal power stations were built at Wairakei (1958),
Kawerau (1989 and 1996), and Ohaaki (1989), where Maori-owned land was either
sold or leased to the Government under compulsory land acquisition for ‘public
works’. Wairakei and Ohaaki power stations caused the extinction and depletion of
geothermal geysers and springs highly valued by the Maori people. At Wairakei, the
historical adverse effects on valued geothermal features by the Wairakei power station
(originally Government-owned) are now addressed through cooperation between
Contact Energy Ltd and Te Kupenga Charitable Trust, which was set up by members
of the Ngati Tuwharetoa tribe in 1996. The Trust has established a Maori geothermal
tourism operation, Wairakei Terraces, using bore water supplied by Contact Energy to
create and maintain artificial geothermal features and bathing pools. The Trust has also
set up Netcor, a Maori training organisation with three training facilities. Its key focus
in relation to education and training has been to create opportunities and employment
for Maori in education, health and tourism (Netcor 2017).
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The Orakeikorako geothermal system in the Waikato Region, was also com-
pulsorily acquired by the Government for the development of the Waikato River’s
Ohakuri hydroelectric dam in 1961. Approximately three-quarters of the area’s
geysers, sinter springs and other geothermal features were submerged underwater,
as was the site of the Ngati Tahu tribe’s traditional primary marae (meeting houses).
Since then, groups within the tribe have either bought back or had much of their
land returned, although the hydroelectric dam remains and still covers the
geothermal features. The tribal land owners lease the main area of geothermal
features to a tourism concessionaire.

One Maori geothermal development venture that did not need any Waitangi
Tribunal intervention is at Mokai (Waikato Region), where the Tuaropaki Trust, a
collection of Maori land owners, formed the Tuaropaki Power Company Ltd
(Tuaropaki) and developed a geothermal power station in 1999 using wells pre-
viously drilled by a government research programme. Tuaropaki has used profits
generated by the power station to build twelve hectares of greenhouses growing
vegetables, providing further profits and, equally importantly, employment for its
tribal members and other people in the surrounding districts. In a rural area of low
employment, this has had a significant positive effect on the local community and
economy. Tuaropaki has expanded the power station, with the assistance of
Mercury Energy Ltd, which is now a minority shareholder in Tuaropaki Power
Company Ltd. Since then, Tuaropaki has established the Miraka milk drying plant
in a joint venture with other commercial entities. Tuaropaki Trust is a multi-million
dollar entity, and also has extensive farming operations including dairy, beef, sheep,
and deer farms. Organic waste from the milk plant and greenhouses is used for
growing indigenous trees for riparian planting to restore the indigenous habitat
along streams on its land, so that traditional inland fisheries and land health gen-
erally can be restored. Tuaropaki have developed many other business interests
including viticulture and digital communications.

At Rotokawa, the Tauhara North Number 2 Trust, made up of Maori landowners
from the Ngati Tahu tribe, have taken a different approach to the business model for
using geothermal resources on their land for economic development. In a joint
venture arrangement with Mercury Energy Ltd they own the Rotokawa and Nga
Awa Purua geothermal power stations. They return the profits to their Trust ben-
eficiaries, tribal members and the wider community through grants for many pur-
poses including education and health initiatives.

At Te Puia, (Bay of Plenty Region), one of the country’s major tourism
attractions also combines geothermal tourism with the Maori cultural experience.
Te Puia is owned and operated by members of the Te Arawa tribe, and some tribal
members live within the site, continuing to use geothermal pools for heating and
cooking as in pre-European times. Te Puia provides tourism experiences involving
natural geothermal features, Maori arts, crafts, and culture, and conservation of rare
native animals.

Maori-owned and operated geothermal tourism ventures occur in the Rotorua
and Taupo districts of the Bay of Plenty and Waikato Regions, and at Ngawha in
the Northland region, and elsewhere. In some places Maori focus is less on
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providing tourism facilities, and more on using the geothermal resource in a tra-
ditional way while living in a modern Maori society. At Ohinemutu in the Rotorua
district, and Tokaanu and Waihi villages in the Taupo district, predominantly Maori
settlements based around a marae, the geothermal features are used communally for
bathing, heating, cooking and other purposes.

2.3 Regulatory Management of Geothermal Resources

Under the Resource Management Act (RMA) 1991 and the Local Government Act
2002 (New Zealand Parliament, 1991, 2002), the central government devolves
responsibility for the sustainable management of natural and physical resources,
including geothermal energy, water, surface features and ecosystems to Regional
Councils. Dickie and Luketina (2005) describes the local government structure and
environmental legislation in New Zealand, particularly in relation to geothermal
resources, in more detail. A founding principle of the RMA was that greater
involvement by the public in resource management processes would reduce com-
munity alienation, improve decision making and environmental outcomes. Public
participation enables democratic legitimacy, which requires the needs of partici-
pants to be heard, and is founded on the principle that those affected by a decision
have a right to participate in decision-making. Public access to environmental
information used in decision-making processes is also an important component of
good environmental governance (see in Sect. 2.6).

The RMA provides the public a wide range of opportunity to participate in
environmental decision-making. This occurs at a strategic level, in the preparation
of planning documents (Regional Policy Statements and Regional Plans), and at an
operational level, in the consideration of resource permit applications. The most
important time for public participation is during plan development because plans
specify which activities will require resource permitting. Broadly, plans provide the
opportunity for public participation in shaping the needs of communities and
regions. The hierarchy of planning instruments and decision making by regional or
district (and city) councils under the RMA represents a deliberate decision to place
decision making closest to whichever community is affected by an activity.
However, if a proposed plan change is found to be a matter of national significance,
it may be directed to either the Environment Court or a central government-
appointed Board of Inquiry in the first instance. A plan change may be initiated by
the public, by an individual, or by a local or regional council.

The geothermal systems of the Taupo Volcanic Zone are administered by the
Waikato and Bay of Plenty Regional Councils, which are concerned with the
environmental effects of the proposed development, while another tier of local
government, City and District Councils, is concerned with effects on people and
property, including noise, dust, visual amenity, and potential damage to property
from subsidence that a geothermal development may have. The Waikato and Bay of
Plenty Regions both have geothermal chapters in their Regional Policy Statements
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(RPS) and Regional Plans (RP) (Bay of Plenty Regional Council 2008, 2014;
Waikato Regional Council 2011, 2016), and their policy and regulatory regimes for
the management of geothermal resources are broadly similar and abide by RMA
requirements. The development process for the geothermal chapters of the
Waikato RPS and Waikato RP has been described in Dickie and Luketina (2005),
Luketina and Dickie (2006) and Luketina (2010). Policies and rules require sus-
tainable and efficient use of geothermal resources and these are implemented
through the resource permitting process described below.

The Waikato and Bay of Plenty Regional Councils aim to ensure through robust
policy and rules that a balance is maintained between large-scale development and
environmental protection. Geothermal systems are classified for different usage
types depending on the size of the system, existing uses, and the vulnerability of
significant geothermal features such as geysers, sinter springs, and geothermal lakes
to extractive uses. In systems where there are few vulnerable geothermal features,
large-scale development may occur and any such development must show that it
will operate at a rate that provides for the energy needs of several generations at
least. Some other systems are set aside for small-scale development that does not
harm the geothermal features. Systems that have a large number of highly valued
and vulnerable features are protected to ensure the preservation of those features,
and there can be no new extractive uses. These Protected Geothermal Systems are
maintained in their natural state for their intrinsic, ecological, scientific, and tourism
values. These are protected by the RPS, whereas the other geothermal systems are
categorised in the RP. This makes their protected status more secure, because any
person may request a change to a RP but only a local authority or Minister of the
Crown may request a change to a RPS.

The mandatory policy documents through which geothermal resources are
managed are the RPS and RP, and these are reviewed every ten years according to
RMA processes. The RPS is a high-level document that sets out the resource
management issues, objectives and policies for the region. The RP implements the
RPS through further policies, rules and other implementation methods. Both doc-
uments are developed with community participation and input, through a process of
several stages prescribed under the RMA. Generally a regional council consults
voluntarily with the public within its region before producing a draft RPS or
RP. Further consultation on the draft document then leads to a proposed document,
which has some legal status. Formal, written submissions are received from the
public, and may be heard by either elected councillors or a commissioned hearing
panel of policy and resource management experts. When decisions are released, the
revised policy document becomes operative. Those members of the public or
groups who made submissions on the proposed document may appeal policy
decisions to a specialist Environment Court on matters within the policy document
on which they made earlier submissions. Decisions of the Environment Court may
only be appealed on matters of law to a High Court, where no new evidence may be
admitted. Throughout the policy development process, regional councils are
required to consult particularly with Maori.
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2.4 The Resource Permitting Process

Before permission for resource use can be given for a geothermal development, a
developer must apply to the Regional and District Councils for various permits
known as resource consents (or a “consent”) to obtain a right to use or develop the
geothermal resource. The RMA is effects-based legislation; that is, it is the envi-
ronmental effects of resource use that is regulated rather than resource use itself.
A developer must supply a description of the proposed activity and a detailed
assessment of environmental effects (RMA 1991 sch. 4), as well as a record of
community consultation.

A resource consent provides an applicant with permission to use or develop a
natural or physical resource or to carry out an activity that affects the environment.
Various activities related to geothermal resource use or development or activities
that may affect geothermal resources are classified in Regional and District Plans.
Such activities include geothermal water takes and discharges, drilling and testing
deep bores, and earthworks. These match a range of activity classifications under
the RMA, and include for example: allowed and controlled activities; discretionary
and restricted discretionary activities; non-complying and prohibited activities. An
applicant may apply for a resource consent to carry out activities under all these
classifications, except for prohibited activities.

The resource consent application process is generally a public process. There is
usually a public hearing in which public submissions are heard and considered, and
hearings are usually held jointly with the relevant District Council. Therefore, there
are only two regulatory bodies that a developer must apply to for consents to
develop a geothermal resource, and only one hearing that an applicant must
undergo.! Appeals on hearing decisions may be made to a specialist Environment
Court.

A resource consent authority must publically notify a resource consent appli-
cation if it decides the activity will have or is likely to have adverse effects on the
environment that are more than minor; if the applicant requests public notification;
or if a rule or national environmental standard requires public notification of the
application. Legislative amendments to the RMA in 2009 removed a former pre-
sumption that resource consent applications must be notified (unless for a controlled
activity or where adverse effects were minor). Now notification may be public
notification by notice in prescribed forms in an entire area likely to be affected by
the resource consent proposal; and notice may be served on every ‘prescribed
person’. Applications may be processed on a non-notified or limited-notification
basis if the adverse effects of an activity on the environment are no more than
minor. If the effects are no more than minor, then only those who may be directly

'Other regulatory requirements, such as those that fall under building, and health and safety
regulation, are a matter of compliance with existing standards and are not subject to discretionary
hearings.
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affected must be served with notice, and no other person can participate in the
decision-making process.

Legislative amendments removing opportunities for public participation in the
planning and resource consent application processes were made in an effort to
simplify and streamline processes to reduce administrative costs and delays.” Such
amendments to the RMA are usually the result of a change of Government.
Although such amendments have reduced some aspects of participation, the
rebalancing and streamlining of decision-making processes has arguably not
affected the fundamental, underlying philosophy, purpose or principles of the Act.
RMA amendments also allow for applicants to lodge a resource consent application
(or change or cancel resource consent conditions) directly with the national-level
Environmental Protection Authority (EPA) or with the Environment Court, and
require consent authorities to grant direct referral requests for projects that meet
certain investment thresholds set by regulations. Parties who wish to make sub-
missions on a resource consent application that is directly referred to the
Environment Court may become a party to be heard if that party (person) has an
interest in the proceedings that is greater than the interest that the general public
has. In such cases, the local or regional council may become a submitter like any
other interested and affected party and has no special status.

Before applying for a resource consent to develop a geothermal reservoir, a
developer must obtain access rights from the land owner, where a private contract
will usually include the land owner’s charge for an access fee and a rental charge
for the land used in the geothermal development. Individual resource developers
may negotiate private agreements with affected and interested parties to satisfy the
concerns of various community groups or land owners. Such side-agreements are
not part of the statutory process, but are made to reduce the number of potential
appeals against a proposal.

2.5 Geothermal Community Stakeholders
and Case Study Examples

There are several types of groups who involve themselves in the public process of
policy development and resource consent hearings for large-scale extractive
geothermal developments, and these are not limited to the following, or to the
following issues:

e Environmental interests concerned about the effect of geothermal develop-
ments on fresh water resources, geothermal features, ecosystems generally, and
hunting and fishing resources. This can include the government Department of
Conservation.

“Resource Management (Simplifying and Streamlining) Amendment Act 2009; Resource
Management Amendment Act 2013; and Resource Legislation Amendment Act 2017.
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¢ Resident groups who are concerned about how a development will affect their
quality of life or property values through effects such as noise, dust, increased
traffic, visual effects, land subsidence, and increased seismicity.

e Maori groups who claim some association with the geothermal resource. This
can include those with special claims over the land in question and the
geothermal resource.

e Commercial and community users of resources that may be affected by
geothermal development. For example, development-related subsidence may
damage roads and infrastructure, and discharges to surface water may affect
community water supplies. These parties can include local or downstream
District and City Councils.

e Extractive users or potential users of the geothermal resource. For a resource
consent hearing, although the RMA cannot consider issues of commercial
competition, existing users may seek to limit the effects on the geothermal
resource of the proposed development, or other new contenders for the resource
may seek to demonstrate that their competing application would be more
efficient.

e Economic development and business groups who want to see geothermal
projects go ahead for economic reasons. This group is normally made up of
local and regional economic development agencies, but can include the Ministry
of Business, Innovation and Employment and the Energy Efficiency and
Conservation Authority.

Before the enactment of the RMA 1991 and resulting regional policy, an
example of poor participation enablement occurred on the Ohaaki geothermal field
in 1967 (Stokes 2004). At the time, central government was engaged in an
ambitious national development scheme to ensure security of energy supply, and
wished to develop a geothermal power station on land owned collectively by
members of the Ngati Tahu tribe. The participation processes for the tribal land
owners were inadequate, providing Ngati Tahu little time or resources to respond
to government’s intentions for geothermal development. After five years of
negotiation and appeal processes, the government acquired a compulsory lease of
the Maori land, where under development, the geothermal resource depleted
quickly due to cold water intrusion and other reservoir management issues. In
addition, the land area, adjacent to the Waikato River, has had significant inun-
dation as a result of land subsidence induced by depletion of the geothermal
resource (Clotworthy et al. 1995). Spectacular and culturally significant geother-
mal surface features were destroyed. Under current regional policy such features
would be classed as Significant Geothermal Features and therefore could be
subject to protection from development. Contact Energy Ltd, the Ohaaki Power
Station’s present owners since 1996, are now engaged with Ngati Tahu, in com-
pensation and protection dealings, including protecting their riverside marae
(meeting place) from inundation.
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Controversy and public participation issues in relation to the use or protection of
geothermal resources were not limited to the establishment of large-scale extractive
uses, as is demonstrated by the Rotorua geyser decline of the 1980s. The town of
Rotorua, now a city, was established to service the tourism industry that developed
around the many geothermal local areas. The city itself has a plethora of attractive
geothermal features within the central business district and sits atop a shallow hot
water aquifer, which feeds many bores for commercial and domestic spas. Initially
the use of the geothermal resource was relatively low impact, but an increasing
demand for energy in the 1950s led to extraction on a larger scale, with over 1000
geothermal wells by the 1970s. As a result of this unregulated extraction, many of
the geothermal features that the tourists came to experience were becoming
depleted in their activity, particularly geysers, which are the feature type most
vulnerable to reservoir pressure decline. By the mid-1980s the adverse effect on
geysers was critical and led to public outcry, including from several highly regarded
geothermal and other scientific experts. On the other hand, many bore owners
wanted to protect their free hot water supply. Eventually, central government
directives resulted in forced bore closures and a prohibition of fluid extraction
within a 1.5 km radius of the city’s major geothermal tourist attraction. Today, most
of the affected features have not yet shown any recovery in activity, although the
aquifer has shown some pressure recovery (Doorman and Barber 2017).

These two case studies briefly demonstrate some of the environmental and
public participation challenges that contributed to the development of the RMA.
During the more recent policy development process for the Waikato and Bay of
Plenty Regional Councils’ geothermal resources, vociferous debate and millions of
dollars were spent on litigation by various parties in council hearings and legal
appeals.” Matters that raised particular controversy included concerns about the
potential for development-induced land subsidence, where this had occurred his-
torically (Luketina 2010; Burnell et al. 2016); and, decisions about which
geothermal systems should be classified as Protected Geothermal Systems and
therefore unavailable for extractive uses. Electricity developers sought to limit new
requirements for fluid reinjection, which changed the previous practice of dis-
charging fluid into rivers. Matters of whether single or multiple developers should
be allowed on a Development Geothermal System, and the extent to which a
developer should be required to show the geothermal system could produce elec-
tricity for several generations instead of attempting to use the system’s energy up
within the plant life of 25-30 years, were also controversial. Since these policies
were finalised in 2007, installed capacity for geothermal electricity generation has
doubled. This increase has been driven by market demand for electricity, and
supported by a stable regulatory environment.

3See for example, Geotherm Group Ltd and Others v Waikato Regional Council NZEnvC,
Auckland, A047/2006, 13 April 2006.
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2.6 Public Access to Environmental Information

In New Zealand, water, including geothermal water and steam, as it occurs naturally
(untapped) is not owned by anyone: water use rights are vested in the Crown. As
the regulator, regional councils are responsible for allocating resource use rights,
and resources used for electricity development are resources that are available
broadly for the benefit of all citizens, including present and future generations.
Policy and resource consent conditions require sustainable resource use, so that use
will not deplete the resource to the extent that it would detrimentally affect the
resource for future generations’ reasonably foreseeable needs, either through excess
extraction or through induced changes such as cold water intrusion. Accordingly,
for electricity developers to gain the social licence to develop and use the resource,
it is arguable that resource consent holders should provide environmental resource
information and data (environmental information) to the regulator, which in turn
could be made available to the public and wider research community. Currently,
and historically, the public does not have full access to environmental information
concerning geothermal resources used in electricity production. The RMA recog-
nises regulators need full access to environmental information and data generated
by resource consent holders, and the Act promotes public access to environmental
information, including information regarding resource consents (RMA 1991 s 35).
The Act also encourages public hearings for environmental decision-making. Any
protection of commercially sensitive information provided under the Act, which
may form part of a resource consent application, is at the discretion of the regulator
and only where it concerns information that may form part of a public hearing or
proceeding (RMA 1991 s 42). A regulator’s decision to protect information rests on
whether the public interest in making information available outweighs the com-
mercial interest in denying public access to it. An information protection order
(s 42) can be appealed to the Environment Court by any party to the proceedings.
Full public access to environmental information produced under geothermal
resource consents has not been tested in the Environment Court in recent years.
When developers do not request a (s 42) information protection order, the regulator
applies New Zealand’s general law for official information under the Local
Government Official Information and Meetings Act 1987 and the Official
Information Act 1982. Decisions to withhold commercially sensitive information
from the public under this Act may be appealed to the Ombudsman.

The regulator’s statutory duty to manage geothermal resources on behalf of the
public is crucial to the ongoing health and sustainability of the resource. However,
in some instances under the RMA regulatory authorities have been held liable for
environmental damage where a regulator failed to acquire the necessary information
to manage a resource or resource consent appropriately. Accordingly, to ensure the
regulatory duty is carried out, statutory information requirements and resource
reporting and monitoring processes are essential. This is particularly so where
complex environmental management issues occur, such as with geothermal
resources. Also, because regional councils are not directly involved with
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geothermal electricity production and the routine monitoring of its environmental
effects, which the consent holder is required to undertake and report on, information
asymmetry exists between the resource consent holder and regulator.

The duty of the Regional Council to monitor resource consents and the ability to
require any environmental information and data relating to a resource consent can
be in tension with the desire of a consent holder to protect information and data
from being accessible to the public for commercial sensitivity reasons. The public is
broadly unaware of this tension or whether developers may be using geothermal
resources in a sustainable way. As with hydro and wind renewable energy
resources, general public perception sees geothermal resources as indefinitely
renewable and that commercial users and regional and district councils carry out
their monitoring and resource management duties comprehensively. And largely,
they do. However, it is arguable that were the public and wider research community
to have full access to environmental information, better sustainable management
and environmental outcomes would ultimately result. Full public access to envi-
ronmental information could act as a regulatory safeguard. This is particularly so in
New Zealand, where the regulator is the Regional Council and is therefore the
promoter of regional development, fulfilling multiple resource management roles,
such as policy developer; resource allocator; and resource consent approver,
monitor, and enforcer. This may be especially the case as there is yet no
national-level strategy for geothermal resource development in New Zealand.

Full public access to environmental information (and data) is resisted from a
commercial perspective, which focuses on retaining commercial advantage. The
now-majority privately-owned commercial geothermal operators may argue that the
public interest is better served by maintaining competition in order to keep elec-
tricity prices down. Additional, the costs in obtaining geothermal resource infor-
mation and data can be substantial. In 2018, it costs approximately NZ $20 million
(US $16) to drill a deep geothermal well, so it is commercially expedient for a
consent holder to protect its investment, including the data obtained from it.
Geophysical remote sensing surveys can cost up to NZ $1 million, and while this is
a lesser amount, it still could be of benefit to a competitor. However, there are no
instances in New Zealand where such information has been placed on the market
and its hypothetical value realised. The cost is recovered in the price of electricity or
other product produced and sold. Additionally, where multiple users extract
geothermal resources from the same geothermal system, such as at Kawerau in the
Bay of Plenty region, competition for access to the resource and competition over
maintaining commercially optimum levels of the extractible resource can be fierce.

Regional councils allocating geothermal resources must take into account the
energy efficiency and renewable energy legislation and policy of the RMA 1991,
the Energy Efficiency and Conservation Act 2000, and the National Policy
Statement for Renewable Electricity Generation 2011. It is largely acknowledged
that within the confines of the RMA and the above-mentioned national-level policy,
that economic demand and competition is adequate to direct geothermal develop-
ment. However, from a long-term resource sustainability perspective, it is arguable
that reliance upon an economic model to direct resource use and allocation, and a
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regulatory stance that protects commercially sensitive resource consent environ-
mental information, may be at odds with optimal environmental governance.
Although provided for under the RMA, to date geothermal electricity developers
are not charged resource rental fees nor are royalty payments paid by resource
consent holders to local or central government. Resource sustainability outcomes
could be improved were resource royalties required (Malafeh and Sharp 2015).

While full access to environmental information and data produced under
resource consents is not available publicly the role of the mandatory ‘peer review
panel’ acts somewhat as a regulatory safeguarding mechanism. Regional policy
requires resource consents for electricity developments to be managed by a tech-
nical peer review panel (PRP). The PRP is an independent panel of geothermal
experts contracted by the regional council to monitor development of the
geothermal resource to ensure that development is continually undertaken accord-
ing to resource consent conditions. The purpose of the PRP is to assist the regu-
latory authority to ensure the necessary knowledge and skills are available for
auditing the consent conditions. The primary function of a PRP is to ensure the
science and technical understanding and interpretations of the consent holder are
scientifically and technically robust. Peer review panels are an environmental
management tool developed by the regulator, which continues to evolve since the
early 1990s when the management of geothermal resources transferred from central
government to regional councils with the enactment of the RMA. Then, as now,
councils recognised they lacked the internal capacity to manage large-scale use of
geothermal resources, and that it would be prohibitively expensive to retain
highly-trained scientists and engineers as staff. Peer review panel members are
contracted as needed, members must disclose any conflicts of interest and are
selected and remunerated by the regulator, although the regulator recovers remu-
neration cost from the consent holder. Institutional management of the peer review
process has evolved; for example, originally, some peer review panel members
were remunerated directly by the resource consent holder. The function, make-up,
and boundaries of the PRP role continue to evolve, and as a mandatory policy
requirement (since the mid-2000s) it is acknowledged their role is crucial to
ensuring geothermal resource sustainability.

3 Economic and Social Value of Geothermal Resource Use

In 2011, Waikato Regional Council investigated the contribution of geothermal
resources to the regional economy, considering four uses: Tourism, Direct Heat
Applications, Electricity Production and Ecosystem Services (Barns and Luketina
2011). Tourism and Electricity production together provided NZ $488 million (ca.
$US 373 m) annually. The value of direct heat applications to the regional economy
was not able to be assessed at that time, because of the complexity of assessing the
economic value of the multiple products, and the difficulty in obtaining confidential
production data. However, it was found that Tourism and Direct Heat Applications
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provided much more direct employment than geothermal electricity production.
Tourism employed the fulltime equivalent of 412 people, direct heat applications
532, and geothermal electricity production 80.

Bay of Plenty Regional Council undertook a similar survey in 2014, finding that
the value of geothermal resources to the regional economy including from direct
heat applications was NZ $482.5 million (ca. $US 368 m), almost 5% of the
region’s Gross Domestic Product (Conroy and Donald 2014). Fulltime equivalent
employment numbers were: tourism, 1194; heat applications, 750; and electricity
production, 42.

In 2017, the councils jointly updated and expanded on these studies. Results for
Waikato Region indicate a substantial increase in tourism visitor numbers, with a
gain of 18% in the 2016-2017 year, and a projected increase of 24% for the 2017—
2018 year (Luketina et al. 2017). With these increasing numbers, pressure on
infrastructure and on fragile geothermal features and ecosystems is becoming a
significant issue for tourism providers and the regulatory authorities tasked with
sustainably managing the natural character of the geothermal resource.

In 2016, there were 905,000 visits by domestic tourists to geothermal sites in the
Waikato Region (excluding accommodation providers with geothermal spas), up
from 450,000 in 2011. Geothermal attractions account for more than 16% of
domestic tourism in the Waikato Region, up from 13% in 2012. In 2016, the
Waikato Region had a total of 472,000 international visits to geothermal attractions,
up from 290,000 in 2011.

Data used in this analysis comprised on-site interviews at geothermal tourist
attractions in January 2017, a nationally representative poll of domestic visitors in
November 2016, and the international and domestic visitor surveys run by Stats
New Zealand and the Ministry of Business, Innovation and Employment (Stats NZ
2016; MBIE 2017). In the Waikato Region, the total non-market value per year is
estimated to be NZ $43 million (ca. $US 33 m) for domestic visitors and NZ $14.2
million (ca. $US 11 m) for international visitors. Non-market value is based on the
cost of site access (travel cost plus admission) incurred by visitors. For
multiple-purpose trips, the travel cost is apportioned among all purposes and
activities.

Spending by visitors to geothermal attractions contributes to both regional
economies, both directly and indirectly through industry linkages. After adjusting
for multiple-purpose trips, total annual spending by visitors to Waikato geothermal
attractions is NZ $103 million (ca. $US 79 m) for domestic visitors and NZ $58
million for international visitors. The contribution to Gross Regional Product
(GRP) is NZ $80 million (ca. $US 61 m), or NZ $146 million (ca. $US 111 m)
including multiplier effects. The direct contribution to employment is 1163
employees including all goods and services purchased by visitors, not just on-site
employment. With multiplier effects for indirect and induced employment, the
employment contribution is 1689.

The environmental costs of the different sources of electricity generation were
assessed in 2012 (Denne 2012). Geothermal was found to have the lowest
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environmental cost of all electricity sources, but higher carbon dioxide emissions
than other clean energy sources.

However, an earlier life-cycle analysis of carbon emissions from renewable
energy technologies in New Zealand put geothermal on a par with hydro-electricity
(Rule et al. 2009). The value of geothermal tourism is also compared to the value of
geothermal electricity generation. Electricity generated from geothermal energy in
the Waikato Region was 6230 GWh in 2016. Associated wholesale electricity
revenue was NZ $379 million (ca. $US 290 m). Geothermal electricity generation
contributes NZ $106 million (ca. $US 81 m) to GRP but only 106 employees.
Geothermal tourism contributes less to GRP than geothermal electricity generation
($80 million vs. $106 million) but employs more than ten times as many people.

An unpublished 2017 analysis of compliance costs for businesses in the Waikato
Region that use geothermal resources was undertaken using the Institutional
Grammar Tools framework (Siddiki et al. 2012; Crawford and Ostrom 1995). It
found that complying with Waikato Regional Council’s Objectives, Policies and
Rules was considered by businesses to be minimal compared with costs imposed by
central government, such as health and safety rules, building rules, and for food
products such as vegetables and honey, biosecurity rules.

It is acknowledged that not all ecosystem services can be appropriately measured
in monetary terms, using internationally recognised assessment frameworks
(Haines-Young and Potschin 2012). The information from studying the ecosystems
services of the Waikato Region, and from other sources, was used to characterise
and assess the ecosystem services that individual geothermal sites in the Waikato
Region provide. In addition, the study has explored the way Maori value
geothermal resources for cultural reasons, as part of their world view. This body of
Maori knowledge and interaction with the natural world is known as Matauranga
Maori.

4 Conclusions, Policy Implications, Further Studies
and Future Prognosis

Despite New Zealand’s relative youth as a country, it is considered a mature
geothermal nation. The legislative framework of the RMA 1991 provides for public
participation in policy making and geothermal resource development, and has
empowered Regional Councils to develop geothermal policy that allows large-scale
sustainable use of geothermal resources while protecting valued geothermal fea-
tures for their intrinsic, ecological, cultural, scientific, and tourism value. In the last
decade, this has enabled a doubling of installed geothermal electricity generation
capacity. Prior to the enactment of the RMA, failures by successive governments to
appropriately consult with local communities, and Maori people in particular, has
been given redress via the Treaty claims process and via specific legislative pro-
visions for consultation and public participation under the RMA and related
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legislation. The Maori world view is expected to play a bigger part in assessing
ecosystems services in the future, as further tools are developed to improve the
interface between economic analysis and the multi-faceted Maori world view of
geothermal resources. Perceptions about the regulatory management of environ-
mental resource information and data, and public access to such information, are
also likely to evolve in coming years.

Electricity production from geothermal sources is not expected to increase in the
next ten years because of flat demand for electricity. In addition, geothermal
electricity production emits more carbon dioxide than most other electricity sources
classed as renewable, and this may become an issue in a carbon-constrained world
(Denne 2012). Direct heat applications are expected to increase as the Geoheat
Strategy is implemented, enabling regional job growth, economic development, and
reduction in the use of fossil fuels for heat production. Although tourism spending
benefits the regional economy, visitor growth may cause problems such as traffic
congestion, habitat damage and reduced visitor enjoyment. Future research may be
required to investigate the costs and challenges associated with visitor growth.
There are technical difficulties in fully assessing ecosystems services and natural
capital, and philosophical issues with quantifying such services in monetary terms.
The methods and tools used in natural capital assessment continue to evolve, and
future assessments are expected to be more comprehensive.
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Abstract Situated along the Pacific Ring of Fire, the Philippines has a total
installed capacity of 1916 MW geothermal energy, which makes it one of the
world’s top producers. The Philippine Government aims to increase its renewable
energy capacity to an estimated 15,304 MW by 2030 comprising of 1495 MW for
geothermal capacity. In order to reach its interim targets for increasing geothermal
installed capacity, the government must work closely with the private resource
developers to expedite permit related-processes and avoid project delays, thereby
supporting timely geothermal exploration and construction activities. With decades
of experience in geothermal energy development, the Philippines has learned
valuable lessons from its various and unique geothermal energy projects from the
lowland accessible Makiling-Banahaw geothermal complex to the socio-culturally
and environmentally sensitive Mindanao geothermal complex. The past contro-
versies and successful stakeholder resolutions have shed light on the complicated
connection between geothermal energy and stakeholders particularly that of the
indigenous cultural communities and indigenous people.
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1 Introduction

Situated along the Pacific Ring of Fire, the Philippines with its 7100 islands is the
second largest archipelagic state in the world after Indonesia. The Philippine
archipelago is divided into three island groups: Luzon, Visayas, and Mindanao. The
Philippines, located between Taiwan and Borneo, is around 800 km from the Asian
mainland. With a population of 100 million (PSA 2015), the country is extraor-
dinarily diverse in terms of geography, ethnicity, ecology, culture, and natural
resources. Economic activity is concentrated around the National Capital Region
(36.6% of Gross Domestic Product) and two adjacent regions, Southern Tagalog
Mainland—(Region 4A) (16.8%) and Central Luzon (9.5%) (PSA 2017a).

Among the fastest growing economies in Southeast Asia, the Philippine eco-
nomic growth is accompanied by low inflation, improved fiscal performance and
strong external balances (ADB 2016). The country’s gross domestic product
(GDP) grew by an average of 6.9% for 2016 and 6.4% for the first half of 2017. The
GDP is now seen to grow by a slightly faster pace as forecasted by Asian
Development Outlook 2017 and is projected to strengthen in 2018 (ADB 2017).
While the important drivers of the growth have mainly been manufacturing, trade,
real estate, renting, and business activities, a rebound in the agricultural sector
further boosted the economy (PSA 2017b). Compared to Luzon, the island groups
of Visayas and Mindanao both have very high income inequality. Moreover,
ideology-based armed conflict is a special challenge to the economic development
of Mindanao.

1.1 Geologic Setting

The Philippine island arc is a tectonically active region, which was formed from the
accretion and amalgamation of geologic terranes of various origins. Most of the
islands comprising the Philippines are situated in the Philippine Mobile Belt,
located between the Eurasian Plate and the Philippine Sea Plate. The island arc is
sandwiched between two oppositely dipping trench systems (Fig. 1). To the west is
the discontinuous east-dipping Manila-Negros-Sulu-Cotabato trench system and to
the east is the East Luzon Trough and the west-dipping Philippine Trench (Aurelio
2000; Rangin and Pubellier 1990; Taylor and Hayes 1980). Traversing the length of
the archipelago from northwest Luzon to southern Mindanao is the left-lateral
Philippine Fault. This complex tectonic setting resulted in numerous active vol-
canoes, some of which are closely associated with geothermal steam fields.
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1.2 History of Philippine Geothermal Energy Development

The Philippine Commission on Volcanology (COMVOL; presently, Philippine
Institute of Volcanology and Seismology) started exploration projects on harness-
ing geothermal energy for electricity production in 1962. In 1967, Republic Act
(RA) No. 5092 or the Geothermal Energy, Natural Gas, and Methane Law was
enacted to promote and regulate the exploration, development, exploitation, and
utilization of indigenous energy sources. Participation in the activities therein was
limited to Filipino citizens and to associations duly incorporated in the Philippines
and 60% of whose shares are owned by Filipino citizens.

Due to the worldwide oil crisis in the early 1970s and new legislation on
geothermal energy development, exploration and development of geothermal sites
all over the Philippines were accelerated to reduce the country’s dependence on
imported oil (Dolor 2006). In 1970, the National Power Corporation (NPC) entered
into an agreement with the Philippine Geothermal Inc. (PGI), a subsidiary of Union
Oil Company of California, for determining the feasibility and commercial viability
of developing geothermal resources then in Naglabong-1 in Tiwi, Albay. NPC and
PGI promptly followed the Tiwi exploration with the development of the
Makiling-Banahaw steam field in Batangas and Laguna in 1974. NPC subsequently
entered into a bilateral energy cooperation agreement with the New Zealand gov-
ernment for the exploratory drilling contract at the Tongonan steam field in Leyte
(1972) and the Palinpinon steam field in Southern Negros (1976). As an institu-
tional response to the oil crisis, the Philippine Government established the
Philippine National Oil Company (PNOC), nationalizing therewith oil refining and
distribution and created a subsidiary company, the PNOC-Energy Development
Corporation (PNOC-EDC) to develop the country’s indigenous energy resources in
a bid for achieving self-reliance (De Jesus 2000). Further geothermal exploration
and developmental projects for electricity production commenced in the different
regions of the country, namely the Bacon-Manito steam field in the Bicol Region
(1977) and the Mindanao steam fields (1978) (Sabularse 2008; Sussman et al.
1993).

The entry into force of Presidential Decree (PD) No. 1442 or the Geothermal
Service Contract Law in 1978 launched the joint undertakings between the
Government and private parties (i.e. field developers and contractors). Intended to
promote the exploration and development of geothermal resources, PD
No. 1442 provides the legal backbone of geothermal activities in the country and
authorizes the Government to directly explore for development and utilization of
geothermal resources, subject to any relevant and subsisting private rights. Such
legal implementation has not gone without creases, however, as particular stake-
holders started to raise their concern and dissatisfaction—notably not towards the
resource developers—towards the royalty distribution scheme. This dissatisfaction
is a particular concern for barangays (smallest administrative unit almost similar to
a village) in the Makiling-Banahaw Geothermal Complex (Ratio and Fujimitsu
2013). Furthermore, one socio-political barrier among the different levels of the
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local government units (LGU) is politicking due to overlapping jurisdictions.
Should the politicking issue escalate within the different levels of LGU, this causes
significant delays in exploration and construction activities for resource developers
(Ratio and Fujimitsu 2013). While the legislation governs development activities
for the remaining untapped geothermal potential, PD No. 1442 does not provide
favourable incentives to attract investment from the private sector (Fronda et al.
2015).

The developmental factors for the accelerated exploration and exploitation of
geothermal resources included financial support from international development
organizations and technical support for capacity building. Intensive foreign training
and capacity building in geologic exploration, drilling and well testing, and steam
field operations were provided to PNOC-EDC by geothermal centres in the US,
Italy, Iceland, and Japan (De Jesus 2000). Through internally generated funds,
foreign financial assistance and government loans from the Overseas Economic
Development Fund of Japan, Asian Development Bank, and the World Bank, the
Philippine Government launched several geothermal development projects (Alcaraz
and Ogena 1997). The issuance of Executive Order 215 in 1987, amending PD
No. 40, which established basic policies for the electric power industry, divested
NPC of the monopoly to control power generation in the country and subsequently
enabled independent power producers to enter into build-operate-transfer
(BOT) contracts. In 1990, with the amendment of the BOT Law or RA
No. 6957, as amended by RA No. 7718, the private sector was allowed to partic-
ipate through investment and construction projects, which then expanded
geothermal energy development. This legislation accelerated increase in electricity
generation without increasing national debt (Vasquez and Javellana 1997).

Geothermal energy development endured a long hiatus from the mid-1980s to
the early 2000s. RA No. 9513 or the Renewable Energy Act of 2008 (RE Law)
promoted renewable energy and aimed to revitalize the exploration and develop-
ment of renewable energy resources through foreign capital and the institutional-
ization of a system of incentives (DOE 2011). With this legislative development
came the establishment of the PNOC Renewables Corporation, which is tasked to
develop and implement renewable energy projects in the country.

As of 2016, the Philippines has a total installed capacity of 21,423 MW with
renewable energy capacity of 6958 MW (32.5%). Among the installed capacity for
renewable energy, geothermal energy has a total of 1916 MW (8.9%), second only
to hydro energy with a total of 3618 MW (19.9%) (Fig. 2) (DOE 2016a). At
present, the Philippines is one of the world’s top producers of geothermal energy
(World Energy Council 2016).
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Energy Mix Renewable Energy Mix (MW)

Fig. 2 Philippine energy mix and renewable energy mix. Data Source DOE 2016a

1.3 Demand and Uses of Geothermal Energy
in the Philippines

While power generation has increased, power supply in the country still remains
insufficient to meet the growing demand for electricity, thereby contributing to its
high cost (NEDA 2017). The Philippine’s geothermal resources are mainly utilized
for electricity generation using high-enthalpy geothermal systems. With most of the
country’s high-enthalpy geothermal resources developed, detailed resource
assessment of low-enthalpy geothermal resources is currently being conducted by
the DOE for power generation (Halcon et al. 2015).

The direct use of geothermal heat is still limited to space heating and for agri-
cultural processes such as crop drying or refrigeration. The first agro-industrial
drying plant at Southern Negros geothermal field was initiated in 1992 and funded
through the United Nation Development Programme. With an installed capacity of
1.0 MW, the facility was operated by PNOC-EDC until 1997 and was turned over
to the local farmers’ association and cooperatives (Alcaraz and Ogena 1997; Aligan
2010; Ulgado and Gular 2005). In the same area, the Palinpinon Geothermal Power
Plant uses a combined heat and power plant that uses the 160 °C well to produce
electricity while the remaining heat is used in a drying plant that produces copra
(dried coconut meat) (Olz and Beerepoot 2010). A pilot study on salt-making was
conducted in Tiwi in 1970. Even though it was decommissioned in 1984, this
demonstrated the viability of utilizing geothermal heat to process industrial-grade
salt which served as a catalyst for the government to consider research on
non-electrical applications of geothermal steam and low enthalpy fluids (Datuin and
Troncales 1986). In the Bacon-Manito Geothermal Field, the Manito Geothermal
Livelihood Project of the government comprised of 1.5 MW pilot power plant and
multi-crop drying plant (Karunungan and Requejo 2000; Padua et al. 2000). The
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multi-crop drying plant uses low enthalpy system to dehydrate agricultural and
marine products as an added value to meet higher standard and reduce post-harvest
losses (Ulgado and Gular 2005). Although direct use through agro-industrial use
and crop drying was proven viable, there were several barriers which hindered its
growth and facility maintenance: high capital outlay and lack of financial resources;
scaling and major turbine problems; and low market price of market products.
While the World Energy Council (2007) have also reported that the Philippines
utilizes other direct uses such as bathing, balneology, and swimming in various
regions with geothermal sources, these are not likely the main demand for
geothermal energy use. Since most of the remaining geothermal prospects in the
country are intermediate to low-enthalpy types, these untapped resources can be
developed for small-scale direct utilization (Aligan 2010).

1.4 Framework and Policies

1.4.1 Renewable Energy Related Policies

Renewable Energy Act of 2008

The RE Law was promulgated to accelerate the exploration and development of
renewable energy resources to achieve energy self-reliance to minimize the coun-
try’s exposure to price fluctuations in the international market. More concretely, the
RE Law facilitates the entry of foreign capital into the country and accordingly
provides for incentives. On the community level, this law encourages an equitable
distribution of benefits with local stakeholders, in particular the local communities
and indigenous groups, with the incentive of 80% share from royalty. The goal of
the RE Law is to prioritize the renewable energy sector and to provide for
renewable portfolio standards, which would require electricity suppliers to obtain
portions of their energy supply for the consumer market from renewable energy
resources. In so doing, consumers are provided green sources of energy for their
daily use.

The RE Law institutionalized a system of fiscal and non-fiscal incentives. This
legislation further outlines the mechanism on the awarding of Geothermal Service
Contract and Geothermal Operating Contract between the government through the
DOE and the renewable energy resource developer. A contract is awarded through
either of the following: Direct Negotiation; Open and Competitive Selection
Process; or, via public bidding to a local and/or foreign company deemed legally,
technically and financially capable to undertake operation (Fronda et al. 2015).
While the feed-in-tariff (FiT) system is an incentive for the renewable energy
resource developers, geothermal energy is exempted therefrom. The RE Law also
sets out the Philippine Government’s share in geothermal energy projects at one and
a half percent (1.5%) of the developer’s gross income.
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Philippine Development Plan 2017-2022

The Philippine Development Plan (PDP) is the government’s roadmap to
inclusive growth and presents an overarching strategic framework designed to
address poverty reduction. Energy security and self-sufficiency will be pursued by
increasing energy-generating capacity, encouraging efficient use of energy and
implementing various transmission projects. It asserts that the improvement of
environmental quality is essential, thereby promoting the use of clean and envi-
ronmentally friendly alternative fuels and technologies.

Philippine Energy Plan 2016-2030

To implement the PDP, the Department of Energy (DOE) formulated the
Philippine Energy Plan (PEP), which is part of the framework of the Energy Reform
Agenda that aims to ensure energy security, achieve optimum energy pricing, and
develop sustainable energy system. The energy sector contributes to the PDP’s
goals of promoting inclusive growth and poverty reduction through rural electri-
fication, rapid and sustained economic growth in efficient delivery of services to
enhance rural development while maintaining environmental integrity.

National Renewable Energy Program 2011-2030

The National Renewable Energy Program (NREP) outlines the policy frame-
work and sets the strategic building blocks to achieve the goals set forth in the RE
Law. This focuses a sustained drive towards energy security and improved access to
clean energy by institutionalizing a comprehensive approach to address the chal-
lenges and gaps for renewable energy technologies and to outline the action plans
necessary to facilitate and encourage greater private sector investments in renew-
able energy development. As part of its strategies, an integrated and aggressive
information campaign will be conducted to increase public awareness and support
(IRENA 2017). The NREP targets to increase Philippine renewable energy capacity
to an estimated 15,304 MW by 2030 (almost triple its 2010 level) while for
geothermal energy, an increase in installed capacity by 75% or 1495 MW. Since
2014, there has only been a total of 69.4 MW additional capacity from the 20 MW
Maibarara Geothermal Power Project and 49.4 MW Nasulo Geothermal Power
Plant expansion project.

1.4.2 Policies Affecting Geothermal Energy Development

Philippine Environmental Impact Statement System (PEISS)

Signed into law in 1979, PD No. 1151 established the Philippine Environmental
Policy to formulate an integrated programme of environmental protection by
requiring environmental impact assessments and statements. In its wake, the PD
No. 1586 or the Environmental Impact Statement System Law establishes an
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environmental impact statement system and management related measures in order
to attain and maintain a rational and orderly balance between socio-economic
growth and environmental protection.

PEISS features the following measures: (1) recognition of other environmental
assessment tools; (2) concept of social acceptability as one of the bases for project
approval; (3) legal accountability of environmental assessment consultants and
project proponents on the reports; (4) provision for the establishment of environ-
mental guarantee funds; (5) provisions for community-based monitoring through
the Multipartite Monitoring Team (MMT); and, (6) sanctions and penalties for
violations (Tuyor et al. 2007). While the PEISS requires consultations to be con-
ducted at various stages of a project, the social acceptability component forces the
project proponents to address public sentiments and ensures the conduct of public
consultations over resolution of issues and conflicts which makes social accept-
ability a major factor in the decision to grant or deny an environmental compliance
certificate (ECC). To encourage public participation and to provide a check and
balance mechanism in compliance monitoring, the MMT is operationalized as a
PEISS mechanism (DOE 2011).

Local Government Code of 1991

The RA No. 8553 or the amended Local Government Code of 1991(LGC)
establishes the systems and authorities of provincial, city, municipal and barangay
governments in the Philippines which aimed to delegate more power, authority,
responsibility and resources to the LGU. In relation to geothermal energy devel-
opment, the LGC requires resource developers to conduct prior and periodic con-
sultations with the LGU prior to any renewable energy exploration activity within
the respective area of jurisdiction. This requirement puts forward the interests of the
local host communities, as represented by their respective LGUs, so as to ensure
that benefits from the development projects are meted out not just to the National
Government and its development partners, but also and most certainly to the
communities within the area affected by the projects. Regular consultations con-
tribute to the determination of social impacts of the project and also provide a local
system of checks, in particular as regards the maintenance by the developers of
activities, facilities, and infrastructure for the benefit of the affected community.

National Integrated Protected Areas Systems Act of 1992

The RA No. 7586 or the National Integrated Protected Areas Systems Act of
1992 (NIPAS) establishes and manages biologically important public lands that are
habitats of rare and endangered species of plants and animals, biographic zones and
related ecosystems, particularly strict nature reserves, natural parks, natural mon-
uments, wildlife sanctuaries, protected landscapes and seas, and resource reserves
among others. While the NIPAS specifies that the survey of energy resources in
protected areas may be subjected to exploration only for data gathering, further
development through exploitation and utilization of energy resources located within
NIPAS will only be allowed through passage of law by the congress.
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While the NIPAS lists the prohibited activities and its penalties within the
protected areas, its enforcement is hampered by overlapping jurisdictions and
disputes between the Department of Environment and Natural Resources (DENR)
and the Local Government Units (LGU) (La Viia et al. 2010). Conflicting land use
between potential geothermal areas with key biodiversity areas, proposed protected
areas, ecotourism areas and forestry projects is another developmental issue con-
fronting geothermal energy development (Pefiarroyo 2012).

Indigenous Peoples Rights Act of 1997

The RA No. 8371 or the Indigenous Peoples Rights Act of 1997 (IPRA) serves
to recognize, to protect and to promote the rights of Indigenous Cultural
Communities/Indigenous Peoples (ICC/IP), creating a National Commission on
Indigenous Peoples (NCIP). While the IPRA empowers the ICC/IP in relation to
ancestral land, this requires renewable energy resource developers to secure prior
certification from NCIP that exploration activity does not overlap with ancestral
domain and Free and Prior Informed Consent of the concerned ICC/IP. Given that
exploration activities and development projects often affect indigenous groups,
IPRA plays a primordial role in ascertaining that the rights, interests, culture,
freedom, and integrity of the indigenous people, who stand to be affected by these
developments and exploration projects, are protected in full measure.

Electric Power Industry Reform Act of 2001

Responding to high electricity price rates in the country largely brought about by
insufficient local fuel reserves, the Philippine Government enacted RA No. 9136 or
the Electric Power Industry Reform Act of 2001 (EPIRA). The EPIRA is intended
to ensure affordable and reliable electric power supply by restructuring of the entire
power industry, the privatization of state-owned power generation and transmission
assets and deregulation of the industry within a more competitive, efficient, and
market-based regulatory framework. In practical terms, the EPIRA is a legislative
attempt to break the state monopoly in the provision of electric power. While the
EPIRA ensures transparent and reasonable prices of electricity and full public
accountability, it also promotes the utilization of indigenous and new and renew-
able energy resources in power generation.

2 Public Engagement Activities and Social Acceptance
Assessment in the Philippines

2.1 Definition of Social Acceptability in Policy Frameworks

Social acceptability was formally adopted through the comprehensive
Implementing Rules and Regulations of the DAO 1996-37 to enhance public
engagement in the environmental impact assessment (EIA). The DAO 1996-37
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defines social acceptability as “the result of a process mutually agreed upon by the
DENR, key stakeholders, and the proponent to ensure that the valid and relevant
concerns of stakeholders, including affected communities, are fully considered and/
or resolved in the decision-making process for granting or denying the issuance of
an ECC.” This operational definition was revised after a decade through the DAO
2003-30 as “acceptability of a project by affected communities based on timely and
informed participation in the EIA process particularly with regard to environmental
impacts that are of concern to them.” As one of the criteria in the review of EIS,
social acceptability must be based on informed public participation and a result of
meaningful public participation. The DAO 2017-15 has rationalized public par-
ticipation under the PEISS as required for the entire EIA process from social
preparation prior to scoping until project implementation and abandonment. The
participation of all key stakeholders is vital to develop the social acceptability of the
project (WB 2005).

While the DENR’s Environment Management Bureau (DENR-EMB) adminis-
ters the EIA and is limited to its environmental aspects, it recognizes that the social
acceptability and resolution of conflicts are within the LGU’s jurisdiction and
responsibility. While the DENR-EMB review process will provide guidance to the
LGUs on environmental aspects, the LGU should facilitate community participation
through public outreach (DENR-EMB 2007). Because of its inherent subjectivity
and debated operational definition, social acceptability is one of the most con-
tentious requirements in the PEISS (Tuyor et al. 2007). While social acceptability is
a major part of the EIA process for granting or denial of an ECC, very limited
publications are available which renders further study about local stakeholder
engagement a challenge.

2.2 Present Challenges of Philippine Geothermal Energy

Over the decades of geothermal development, social issues raised against
geothermal projects in the Philippines include: (1) lack of consultation; (2) physical
and economic dislocation of settlements; (3) lack of benefits; (4) encroachment of
ancestral domain; and, (5) privatization of the people’s forest patrimony (De Jesus
2005). Since most geothermal sites are located in mountainous areas in ICC/IP
ancestral domain, major cultural impacts are encroachment to ancestral lands,
desecration of ancestral sites, and hindrance to practice their traditional way of life
(i.e. nomadic lifestyle, hunting and gathering, among others). These issues mainly
contribute to strong resistance from ICC/IP to accept any development project in
their ancestral domain (De Jesus 2016).

Unequal distribution of socio-economic benefits for stakeholders, particularly on
the LGU and local communities, can cause dissatisfaction towards resource
developers, which can lead to project delay or project expansion disapproval (Ratio
and Fujimitsu 2013). For the distribution of royalty among the LGU, while high
allocation percentage has been set for the provincial government, royalty allocation
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at the municipal and barangay levels is based on population rather than the area of
land utilized.

Compared to non-base load renewable technologies, geothermal projects have
very different risk profiles and tailored support policies will be significantly
required to accelerate geothermal deployment (IRENA 2014). While the
Feed-in-Tariff (FiT) serves as a mechanism to support renewable energy develop-
ment, without any state subsidy, the end-users face piling charges from electricity
producers and distributors such as universal charges, value-added taxes, and system
losses in transmission generation (NEDA 2017). Although geothermal energy is
excluded from the FiT, high electricity rates for geothermal energy, as compared to
solar and wind, generally remain an issue for the public stakeholders.

Technological barriers still pose challenges for commercial development in the
Philippines. The utilization of low enthalpy systems and young or acidic geother-
mal systems is still a promising prospect for geothermal development (DOE
2016b). Despite the passage of the RE Law and the adoption of the NREP, only
7013.9 MW of renewable energy has been installed out of the potential
14,499.8 MW (NEDA 2017). Technological development for intermediate-to
low-enthalpy systems can contribute to installed capacity as well as to
non-electricity direct utilization.

2.3  Controversies and Resolutions

Tiwi Geothermal Project

The Tiwi geothermal complex is located about 450 km southeast of Manila.
While it was the country’s first geothermal project for large scale power generation,
its initiation was tied to various environmental, health, safety and political concerns
because regulatory guidance and social framework were not readily available
(Camu 2015). The social acceptability of this geothermal project greatly improved
through the promulgation of the RA No. 7638 or the Department of Energy Act of
1992 which provided financial benefits to host communities. In line with the aim of
PD No. 1586 to promote public information, a pilot project on geothermal edu-
cation campaign was launched in 2000 in the local community and public schools
with the following objectives: to promote safety practices for local stakeholders; to
raise awareness of geothermal operations, benefits and concerns; to echo geother-
mal learning; and, to enhance proactive communication between the geothermal
industry and its host community. The participants were elementary school teachers
and representatives from the nearby municipalities who have undergone a per-
ception survey regarding geothermal project operations and geothermal awareness
workshops. Despite the acclamation and positive feedback of the education cam-
paigns, it was discontinued due to organization-related shifts, changes in man-
agement priorities and budget concerns.
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The Tiwi steam field has a total of 158 wells drilled since 1972. Due to typhoon
damages, Tiwi geothermal complex’ Units 3 and 4 has been decommissioned, thus,
decreasing its installed capacity from 344 to 234 MW as of 2016 (Fronda et al.
2015).

Makiling-Banahaw Geothermal Project

Located about 70 km southeast of Manila, the Makiling-Banahaw geothermal
complex is hosted by a rapidly industrializing area due to its accessibility and
lowland location which poses unique challenges to maintaining safe and stable
operations such as encroachment, pilferage and right-of-way issues.

One particular concern for barangays in the Makiling-Banahaw Geothermal
Complex is the royalty distribution scheme towards the LGU, which is a cause of
dissatisfaction (Ratio and Fujimitsu 2013). One socio-political barrier among the
different levels of LGU is politicking due to encompassing jurisdictions. If the
politicking issue escalates within the different levels of LGU, this causes significant
delays in exploration and construction activities for resource developers (Ratio and
Fujimitsu 2013). Concerns such as sulfuric odor and noises from well pressure
release have been a cause of dissatisfaction among the local residents, which may
cause less support for further project expansion (Ratio et al. 2014).

Its steam field developer has been active in engaging its local stakeholders in its
operations and projects. They utilize the in-house tool, Community Impact Review
(CIR), which integrates community issues (i.e. security, cultural, economic among
others) with operations and provides valuable information to facilitate successful
project planning, design and implementation conducted by all functional groups
involved. With the purpose of integrating assessment of community issues into the
project management process, meaningful community engagements provide critical
information about key stakeholders which can affect the project phases. To increase
stakeholder support and favorability, the CIR tool was complemented by a stake-
holder engagement plan which outlines methods and strategies of managing
stakeholder expectations (Batac and Dugan 2015).

With the various benefits from the geothermal resource developers and its CIR
tool, the local host community has a harmonious relationship with geothermal
energy development (Batac and Dugan 2015; Ratio et al. 2014). With a total of 132
steam wells drilled since 1975, the Makiling-Banahaw has an installed capacity of
458.5 MW as of 2016 (DOE 2017).

Mindanao Geothermal Project

Commissioned by PNOC-EDC, the Mindanao Geothermal Project was consid-
ered one of the more controversial development projects with concerns focused on
the legal, environmental and cultural. The project is located within a national park
and an ASEAN heritage area while it was also considered the ancestral home by
indigenous cultural communities/indigenous people (ICC/IP) who believed that
their god resides in the mountain. The project was charged with violation of
Philippine National Park Laws and its international commitment to ASEAN. This
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has been clarified and resolved by the DENR that it does not prohibit energy
development in parks. Moreover, the Department of Foreign Affairs stated that the
ASEAN commitment is not in the category of an executive agreement hence the
Philippine Government may conduct development activities (Ote and De Jesus
1995).

To create a model of sustainable development, the conditions of the environ-
mental permit of the Mindanao Geothermal Project required to address biodiversity
concerns through total inventory of the sites to be opened. Aside from the EIA,
Environmental Risk Assessment (ERA) was undertaken to characterize the risks of
the geothermal plant from environmental and natural hazards and to formulate
guidelines to enhance risk management and response capability of the resource
developer and government agencies (Ote and De Jesus 1995).

While the scoping guidelines for the project’s EIA were developed with various
members of the sectors from tribal groups and NGO under a coalition called Task
Force Sandawa (Apo Sandawa was considered the name of the great grandparent of
the Lumad indigenous group in the Southern Philippines), the EIA was requested
by the LGU to be conducted by a third party from the academe due to the con-
troversial nature of the project. In response, the resource developers conducted
consultations with legitimate tribal leaders that were facilitated by experts and
witnessed by government officials. To settle the agreement, the tribes requested for
indemnification for crop damage, prioritization in employment for qualified local
residents and installation of environmental measures together with an endorsement
of an ancestral domain law, and royalty for the recognition of their rights over the
ancestral land (Ote and De Jesus 1995). As part of cultural harmonization with the
project, propitiatory rites and ceremony were conducted at Lake Agco of Mt. Apo
led by a tribal elder.

Since 1987, a total of 40 wells have been drilled to supply the steam to the 2
power plant units. The 54.24 MW Mindanao I was commissioned in 1996 and the
Mindanao II was commissioned in 1999 (Fronda et al. 2015). As of 2016, the
Mindanao Geothermal Project has an installed capacity of 108.5 MW (DOE 2017).

2.4 Public Engagements, Information Campaigns
and Social Impact Mitigations

As a component of the environmental monitoring regularly conducted by the DOE,
the multipartite monitoring team (MMT) is undertaken by multi-stakeholders from
the LGU, academe, and local residents with the main objective of applying social
and environmental safeguards (DOE 2011). The activities of the MMT include:
ensuring project proponent compliance and implementation of the Environmental
Management Plan and the environmental compliance certificate (ECC), among
others; harmonizing stakeholder relationships and ensuring public participation;
preparing and disseminating reports; and, monitoring information, education and
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communication activities. The installation of MMT provided a mechanism of
communication with stakeholders, which greatly reduced operation interruptions
due to complaints and cases filed by communities and other interest groups (De
Jesus et al. 2013).

The DOE and NGOs are strengthening renewable energy campaigns in the hope
of spreading knowledge about renewable energy and increasing public awareness.
Environmental groups such as the World Wildlife Fund Philippines and Greenpeace
Philippines have been keen in supporting renewable energy development through
its campaigns. Geothermal resource developers are also aggressive with their
education campaigns aiming to elicit public participation in geothermal develop-
ment (Ratio and Fujimitsu 2013).

As a strategy in the NREP, the DOE currently conducts assessment studies of all
potential geothermal sources while keeping vigilant of their information and edu-
cation campaigns (IEC). In a project study on Philippine Geothermal Resource
Inventory and Assessment, the DOE also solicits the endorsement of inter-agency
groups from the national government and LGU. One such example is the Regional
Development Council of the Cordillera Autonomous Region for the promotion and
development of geothermal energy in Northern Luzon (Herald Express 2017).

In collaboration with the DOE, interest groups like the National Geothermal
Association of the Philippines (NGAP) conducts information campaigns in
geothermal host communities with the support of geothermal resource developers.
The NGAP and the DOE have also been conducting learning sessions with
geothermal resource developers about newly implemented government guidelines
and regulations such as the Guidelines on Public Participation under the PEISS
(DAO 2017-15).

To enhance social acceptability, private geothermal resource developers have
adopted protocols and procedures set by then government-owned PNOC-EDC,
which now form part of the rules of the regulatory agencies such as DOE and the
DENR (De Jesus 2000). These include stakeholder participation; access to mean-
ingful benefits; remuneration, amenities and livelihood for unavoidable resettle-
ments, among others. Private geothermal resource developers also conduct regular
socio-economic opinion surveys for monitoring and integrated information cam-
paigns (De Jesus 2005; De Jesus et al. 2013).

International research projects have also conducted research on the fundamental
link and trade-offs between geothermal energy and society. Supported by the
Japanese Government, an international research project of the Research Institute for
Humanity and Nature was aimed at understanding the complexity of the
water-energy-food nexus system and creating policy options to reduce trade-offs
among resources. On an integrated approach, this project conducted technical
monitoring and opinion surveys to investigate the resource use conflicts for water
and geothermal energy particularly in the Laguna province and the
Makiling-Banahaw geothermal complex.

In conjunction with the Nexus Project, a research project through the
International Grant Program of Toyota Foundation has conducted focus group
discussions and workshops with the LGU and host community of the
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Makiling-Banahaw geothermal complex to probe the means to overcome devel-
opment barriers and construct policy recommendation on community development
with geothermal power introduction. The results of study were presented and
workshops were conducted in the target countries. One of the most significant
outcomes is the recognition that community development with geothermal resource
requires joint fact-finding activities in order to elicit public participation and con-
sensus building.

Other studies from the academe have been conducted in relation to geothermal
studies such as socio-economic analysis of environmental impacts, case studies of
social acceptability, ERA, among others. As a post-graduate research in the
University of the Philippines Diliman, a study on ERA on the Makiling-Banahaw
Geothermal Complex was conducted to present a methodology by identifying
hazards associated with the project; health risk assessment for chemicals of
potential concern; and, evaluate risk reduction and management measures at the
geothermal complex. Being generic in nature, the methodology can be applied to
other energy projects for the same goals (Echavez 1997).

A post-graduate research in Kyushu University, Japan, conducted a case study of
social acceptability in the Makiling-Banahaw Geothermal Complex, which inclu-
ded perception about renewable energy and perceived vulnerability. The results of
the study showed that the stakeholders residing in the barangay which host
geothermal facilities were more accepting of geothermal energy compared to
stakeholders residing farther from the geothermal buffer zone. Moreover, trust with
geothermal resource developers and communication with the stakeholders can be
improved through periodic dialogues and information campaigns to assure stake-
holders of stable and safe geothermal operations (Ratio and Fujimitsu 2013).

As a joint undertaking between the University of the Philippines Los Bafios and
Dalhousie University, a socioeconomic and valuation study was conducted in the
Makiling-Banahaw Geothermal Project to provide an objective assessment of the
impacts of its operations on the properties, health and crops of the host commu-
nities. While the study showed that the geothermal project affected the property
value in the area, further studies to validate the effects of the geothermal operation
on crops and health was recommended. To ensure harmonization with the stake-
holders and prevent future conflict, the major recommendations of the study
included: just payments for direct effects of operation; relocation of families within
100 m of the complex; implementation of livelihood and social engineering mea-
sures; and, preparing long-term project land use plan (Butardo-Toribio et al. 1995).

Moreover, private geothermal resource developers conduct their own social
acceptability surveys. Results from opinion surveys conducted by the resource
developers last 2016 in Mindanao Geothermal Project and Southern Negros
Geothermal Project reveal that stakeholders have high level of support for the
project attributing it to assistance on education, health, livelihood and provision of
electricity for the host community and capacity building activities and trainings for
the LGU (EDC 2017). During the initiation of Mindanao Geothermal Project, in the
absence of any set procedure on social acceptance by the ICC/IP, the resource
developers conducted consultations resulting to conflict resolution and a formal
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agreement on the role of the host communities (De Jesus et al. 2013). The Mt. Labo,
Camarines Norte and the Northern Negros Geothermal Projects were among the
first in the country to model the complete participative process using various tools
such as conduct of scoping meetings, information drives, key informant interviews,
focused group discussions, perception surveys, and public dialogues (Pascual
2005).

3 Discussion

The Philippines has a long history of geothermal energy development, which was
initiated by the government and later on involved the private sector. Since 2014, out
of the country target additional installed capacity of 1495 MW for 2030, only
69.4 MW installed capacity has been added to geothermal energy which is just 5%
of the overall total target installed capacity. In order to timely reach target installed
capacities for 2030, the government needs to work closely with the private sector to
expedite exploration and construction activities while preventing project delays.

With the country’s high energy demand and insufficient supply of electricity, the
main use of geothermal energy has been for electricity production. The techno-
logical development of intermediate- to low-enthalpy geothermal resources can
provide additional installed capacity and provision of electricity. The other direct
uses in the country, such as agricultural drying and balneology, have been scarcely
utilized. The non-electricity use of geothermal energy has been found viable
through several projects supported by the government and international organiza-
tions. However, there were developmental barriers identified such as lack of private
sector participation due to high capital outlay, scaling of pipes and low market
value of produced agricultural products. In order to develop the agricultural use of
geothermal energy, a form of subsidy, incentive or technical assistance from the
government can encourage private investment.

The most significant legislation that supports renewable energy development,
including therein the furtherance of geothermal energy production, is the
Renewable Energy Law (RE Law), which provides the legal framework for the
fast-tracked development of renewable energy resources and strategies to further
ensure the effective usage of renewable energy. The RE Law also offers fiscal and
non-fiscal incentives to attract private investment.

Nevertheless, the implementation of renewable energy projects necessitate the
application not only of the RE Law provisions but also other relevant legislations
and policies such as the National Integrated Protected Areas System (NIPAS) Act,
and the Indigenous Peoples Rights Act (IPRA). As a significant part of the per-
mitting and approval process, the Philippine Environmental Impact Statement
System requires social acceptability as a requirement for the issuance of an
Environmental Compliance Certificate (ECC) and the LGU must conduct public
engagement and assessment of social acceptance as mandated by the Local
Government Code. The environmental aspect of the assessment will be
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implemented by the Environmental Management Bureau of the DENR, the agency
who issues the ECC. In case the geothermal resource is located in an ancestral land
of an indigenous cultural community, project proponents are required to secure the
Free and Prior Informed Consent (FPIC) from the National Commission on
Indigenous People as mandated by the Indigenous Peoples Rights Act. Such FPIC
is grounded on the indigenous concept of ownership that ancestral domains and its
resources serve as the material foundation of the cultural integrity and identity of
the indigenous cultural community in these domains. As such, these domains and
the rights to the resources therein are protected not just for the benefit of the
indigenous cultural communities presently living therein but also for the benefit of
the generations to come. Moreover, should the geothermal resource be co-located in
national parks or in protected areas so identified by the NIPAS Act, only resource
survey for data collection is allowed to preserve the nature and biological impor-
tance of such national park or protected area.

Other challenges for geothermal energy development include the designation of
national parks and ancestral domains in geothermal areas, which require soliciting
social acceptance and public participation, resolving conflicts, and settling agree-
ments with indigenous cultural communities. Involving and integrating the stake-
holders in a project’s initiation phase as well as transparent communication may
guarantee support and build trust. In these procedures, social acceptability is a
contentious requirement due to its subjectivity but constitutes a major factor in the
decision to grant or deny an ECC (Tuyor et al. 2007). Baseline studies of social
acceptability may be conducted on existing and prospective geothermal projects.
Further monitoring the same on a periodic basis can shed light on effectively
managing stakeholders and further enhancing public participation.

To increase awareness and support for renewable energy, the government and
the resource developers have been conducting IECs especially among host com-
munities of geothermal projects and prospect areas. Moreover, interest groups have
also been engaging the public through its campaigns to support renewable energy.
International research projects have been conducted to understand the fundamental
links of renewable energy and society such as studies to understand trade-offs of
conflicting resource use and social acceptability.

4 Conclusions

With decades of experience in geothermal energy development, the Philippines
have learned valuable lessons from its various and unique geothermal energy
projects from the lowland accessible Makiling-Banahaw geothermal complex to the
socio-culturally and environmentally sensitive Mindanao geothermal complex. The
past controversies and debates and its successful resolutions have shed light to the
complicated relationships between geothermal energy and its stakeholders espe-
cially the ICC/IP and host communities. This connection can further be understood
by periodic monitoring of social acceptability. In-depth policy analysis and policy
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dialogues on the harmonization of renewable energy-related laws can resolve
conflicting policies thus minimizing if not preventing project delays.
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1 Introduction

1.1 Country and Institutional Profile

Switzerland is a country in Central Europe that lies between the Alps, the Swiss
Plateau and the Jura. It covers an area of 40,000 km? with most of the more than
eight million inhabitants living on the plateau; in Switzerland, the two major urban
centres are Zurich and Geneva. Switzerland has four national languages that have
common yet unique regional and socio-political characteristics, namely German,
French, Italian and Romansh. It is one of the richest countries in the world and is
especially proud of its direct democratic system. Federalism is essential in
Switzerland, with a high degree of autonomy at the three hierarchical levels of the
municipality, the canton and the federal state (Linder and Vatter 2001). With dif-
ferent legal regulations across the 26 cantons, any national matter needs to over-
come a number of administrative barriers and complications to take form.

The direct democratic system provides opportunities to citizens and actors from
civil society (e.g., NGOs, professional corporations, etc.) to intervene in the plan-
ning and implementation of policies and projects, especially the ones with a local
impact (Linder and Lanfranchi 1992; Kiibler 1999). Instruments such as national or
local referenda and initiatives enable citizens to oppose or propose laws, policies
and projects, provided enough signatures are collected. Moreover, several legal and
administrative procedures allow identified stakeholders to contest projects. To
avoid lengthy legal or political processes with uncertain outcomes, policy makers
and project managers are therefore prone to engage with concerned stakeholders
and the public in early phases (Kiibler 1999). This is especially the case in new and
emerging sectors that do not yet have routinized decision-making processes or that
are strongly context dependent, such as DGE.

1.2  Overall Power/Heat Demand and Present/Future
Supply Mix

As with any other developed country, energy demand in Switzerland increased
sharply starting in the 1950s (Pfister 1995) and peaked in the late 1990s. Since then,
it has stabilised and, as of lately, even slightly decreased (BFE 2016a). With respect
to power production in Switzerland, the biggest share is covered by hydropower
(60%) and nuclear (34%). The rest is provided by a set of various resources,
including renewable technologies. In contrast to the overall energy demand, the
demand for electricity is still increasing (BFE 2016b).

As in other countries, the nuclear accident in Fukushima in 2011 has had a
strong impact on the Swiss energy policy. The federal government decided to phase
out nuclear power, improve energy efficiency and increase the share of renewable
energies, which has been deemed Energy Strategy (ES) 2050. As part of this
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strategy, Switzerland has produced different scenarios that present various possi-
bilities of how energy supply and demand will develop (Prognos 2012; Densing
et al. 2016; Berntsen and Trutnevyte 2017; Braunreiter and Blumer 2018). The
scenarios now serve as a guide for future action and are not only used in research,
but also regularly referred to in political and broader societal discourses. With the
national referendum on 21 May 2017, the Swiss population approved the revision
of the Energy Act as part of the ES 2050, including the first set of measures to
restructure the Swiss energy system.

Part of the ES 2050 are major investments in research and development activ-
ities, especially with the establishment of several Swiss Competence Centers for
Energy Research (SCCERs, see: Innosuisse 2018). The authors of the current
chapter participate in one of these centres, the SCCER Supply of Electricity
(SCCER-SoE 2017), which focuses specifically on deep geothermal energy and
hydropower.

1.3 Geothermal Energy in Switzerland

When it comes to geothermal energy, it needs to be noted that Switzerland is the
world leader in terms of the density of heat-pump installations (Rybach 2013),
which will, however, not be further discussed here. Our focus is on geothermal
energy at deeper levels. Although traditional technology focuses on existing sources
of hot water (hydro-thermal), the enhanced or engineered systems dig deep into the
earth’s crust and thus need to stimulate the host rock through the injection of water
(petro-thermal) (Hirschberg et al. 2015).

1.3.1 Future Scenarios of DGE

In the scenarios for the ES 2050, an electricity production of 4.4 TWh/year by 2050
(Prognos 2012) from deep geothermal sources is presumed. Still, with slow pro-
gress, DGE lags behind the development of other renewables. The exclusive focus
on power production was recently expanded by including the use of heat produced
from DGE, both for economic (Hirschberg et al. 2015) and environmental (lower
CO, emissions) (Menberg et al. 2016) reasons. Yet no target has been set in the ES
2050 for heat production from geothermal means.

To further the development of DGE, research projects are focusing on the fol-
lowing topics: processes that are occurring when creating a reservoir several
thousands meters underground and the establishment of pilot sites to develop sci-
entific engineering methods. Social scientific research (see Sect. 2) has been
included from the beginning, though on a much smaller scale than the largely
dominating natural scientific and engineering perspectives.

The Swiss underground is still practically unknown. Policy instruments foresee
that industrial pilot projects will be developed. These pilot sites should help
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uncover more on the underground mechanisms of DGE technologies. Moreover,
such subsidised pilot sites are crucial because project developers and electricity
producers are hesitant to invest in geothermal projects due to high upfront
investment costs and exploration risk. Most large electricity providers have stopped
their investments with the sharp drop in electricity prices. With the national ref-
erendum in May 2017, the Swiss Federal Office of Energy (SFOE) can now support
both the exploration risk and high initial investment costs with specific instruments,
for example, with the federal risk guarantee.

1.3.2 Overview of Hydro and Petro-Thermal Projects in Switzerland

At present, no electrical power is produced from geothermal resources in
Switzerland. There were several attempts, most notably in Basel and St. Gallen, to
establish a geothermal power plant. Both failed because of a large seismic event in
the first case and low availability of water, among other reasons, in the second. We
will come back to the cases of Basel and St. Gallen later in this chapter. To date,
more than 40 projects of different scales and technologies exist, are planned or have
existed on Swiss territory, most being hydro-thermal systems (Fig. 1). Half of the
projects are either already actively running and producing heat (12 projects) or are
in development with good chances of success in the future (7 projects). The actively
producing systems are mostly mid-depth projects with drilling depths varying from
between 300 and 2371 m. The most important and largest project is the Erdwdrme
project in Riehen near Basel with a capacity of 5 MWt heat. All other projects are
very small in comparison, with a capacity of 1.35 MWt or less. Nevertheless, the
success of these relatively small projects is important to show the potential of
geothermal energy on different scales and with different resources. Many of the
projects in planning and development aim for greater depth, higher temperatures
and the production of electricity.

1.3.3 Actors of DGE in Switzerland

The Swiss federal structure and direct democratic system result in a wide range of
actors influencing the development of DGE in Switzerland.

The federal government, through the SFOE, sets the framework conditions for
energy provision within the country. The ES 2050 supports DGE by offering a
federal guarantee covering 60% of exploration costs if a geothermal project (power
or heat) is not successful because of insufficient resource potential. Moreover, it
introduces a preferential price for electricity produced by geothermal energy.
Additionally, the SFOE supports DGE development through the funding of pilot
projects or research programmes.

The 26 cantons are responsible for implementing the federal energy law.
Sovereignty over the underground lies with the cantons, and as such, they are the
authorising bodies for any DGE project. Cantonal legal bases for regulating DGE
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Fig. 1 Geothermal projects in Switzerland and their development status. Data Source adapted
from Geothermie-Schweiz (2018)

vary strongly across the country, and this diversity in cantonal rule has been
identified by legal experts as an important hindering factor for the nationwide
development of DGE (Hirschberg et al. 2015).

In some cantons, the responsibility of geothermal energy projects is delegated to
the municipalities. Cities that have enough financial capacity might even develop
their own projects through their public utilities, as was the case in the city of St.
Gallen and in the city of Zurich with the Triemli project, a hydrothermal project that
failed because of low water flow.

In Switzerland, DGE operators can be either private or public. One of them is
Geo-Energie Suisse, the only operator active at a national level. It is a private
company with several Swiss public utilities as major shareholders. Geo-Energie
Suisse aims at developing petro-thermal power plants. Public utilities are also
important players for the development of geothermal projects. Larger utilities such
as Services industriels genevois (SIG) in Geneva or Elektrizitdtswerk der Stadt
Ziirich (EWZ) in Zurich might carry their own projects. Smaller public utilities
might also be active in geothermal energy, often within a consortium or a public—
private partnership set up for a specific project. Professionals active in geothermal
energy convene in the organisation Geothermie-Schweiz, which promotes and
lobbies for DGE.

National environmental NGOs generally have a positive attitude toward DGE.
They consider geothermal as an alternative to fossil fuels for heat and as a replace-
ment for nuclear energy and are supportive of national policies to develop DGE.
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Question: To what extent do you agree with the following statements: In order to guarantee Switzerland's electricity supply in the future, [new systems of the energy type] are to be built / installed

0% 20% 40% 60% 80% 100%
Response: [l disagree rather disagree | no answer rather agree  Mlagree number of respondents: 8287

Fig. 2 Results from a national representative survey (N = 8287) in Switzerland. Data Source
Stadelmann-Steffen and Dermont (2016)

The Swiss population is also an important actor to be considered. Through legal
procedures or referenda, citizens can have a direct influence on policies promoting
DGE, as well as on single projects. In St. Gallen, for instance, municipal funding
for a geothermal plan was approved by a referendum. In the canton of Jura, citizens
are calling for a vote to ban DGE. Thus, acceptance from the wider public is a
crucial issue.

1.4 Perception of Different Technologies—Geothermal
in Comparison

To close this section, we show some results from a recent national representative
survey (2016, N = 8287) that compares the acceptance of different energy tech-
nologies (see Fig. 2). Overall, geothermal energy seems to be broadly accepted in
Switzerland, though its support is markedly less positive than for other more
popular renewable technologies, such as solar, wind and biofuels. Still, geothermal
is perceived far more positively than nuclear or imports of electricity. More detailed
results of this survey illustrate that males are slightly more positive than females
toward this technology; the French- and Italian-speaking parts of Switzerland are
more positive than the German-speaking part; and the younger generation is slightly
more positive than the older ones (Stadelmann-Steffen and Dermont 2016).

2  Overview of Public Engagement and Social Research
on DGE in Switzerland

In the remaining sections of the chapter, we will exclusively focus on deep
geothermal projects, both hydro- and petro-thermal. Thereby, we will present the
projects in Basel, St. Gallen, Haute-Sorne and the integrated programme in the
Canton of Geneva. We chose these projects because they are the most discussed and
thus largely shape the context of the geothermal picture in Switzerland.



Geothermal Energy in Switzerland ... 245

2.1 Public Engagement in Swiss DGE Projects

2.1.1 Basel: A First Pioneering Effort with a Negative Outcome

The Deep Heat Mining project in Basel was supposed to be the first commercially
operating petro-thermal power plant in the world. The project was supposed to
develop a plant that would deliver 6 MW of electricity and 17 MW for heat uses.
The project was developed by Geothermal Explorers Ltd. and Geopower Basel AG,
a sister company of the local public utility IWB. The parliament of the canton of
Basel-City approved funding for the project in 2004. Being a pilot project, it also
received funding from the SFOE.

The project developers communicated about the project through media releases,
exhibitions and guided site tours. They emphasised its pioneering character and
highlighted its potential benefits. Although the project received some national
media coverage, there were no active information and public engagement cam-
paigns aimed at the local population.

In December 2006, stimulation operation for the reservoir provoked a 3.6
magnitude earthquake, causing strong reactions within the population. Minor
damage to buildings was reported. The event triggered controversies about the
absence of communication on the project, the quality of the project management
and the absence of a prior risk assessment study. The canton of Basel-City filed a
lawsuit against the operator for the earthquake. The court did not hold the operator
liable for the events. In 2009, the project was definitively terminated.

2.1.2 St. Gallen: Strong Local Support but in the End Still No Success

In 2009, the DGE project of the city of St. Gallen started with a feasibility study.
The study was followed by large-scale seismic monitoring in 2010, and in August
2010, the St. Gallen City Parliament approved the project. At the end of November
2010, the population of St. Gallen approved the project budget of CHF 159 million
(138 million Euros) in a public vote with 82.9% in favour of the project. Parallel to
the planning of the geothermal energy project in St. Gallen, the city also launched a
preliminary study on the perceptions, hopes, fears and knowledge of the people in
St. Gallen on the subject of geothermal energy (Holenstein 2009). The study was
based on 31 semi-structured in-depth interviews with key stakeholders and mem-
bers of the public. One of its main findings was that open, honest and transparent
communication of the risks is essential for the success of such a project. In addition,
the study pointed out that no fundamental opposition was to be expected and that
the overall perception was dominantly positive, though some concerns related to
uncertainties about the exploration risk were raised. These findings were decisive
for the future orientation of the communication carried out by the St. Gallen city’s
project management team.
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The installation of seismic monitoring stations by the Swiss Seismological
Service (SED) and the preparation of the drilling site took place in 2012, with the
first deep-well drilling and subsequent production test being carried out in 2013.
Unexpectedly, one drilling encountered gas that had to be blocked by injecting
water. Following this event, the first earthquake, with a magnitude of 3.5, was
registered in July 2013. This was a setback for the project because it had been
emphasised from the outset that the seismic risk of hydro-thermal systems is sig-
nificantly lower than that of petro-thermal systems and that earthquakes comparable
to those caused in Basel by the deliberate stimulation of the host rock were not
possible. However, still benefitting from the public’s large support, the drilling
resumed to the planned depth. Due to insufficient water production rates and an
increased earthquake risk, the project was discontinued in 2014 (see Muratore et al.
2016 for a detailed account). It is worth noting that the reaction by the population to
seismic events in St. Gallen and Basel, though physically very similar, was quite
different: the intensity in St. Gallen was perceived less strongly than that in Basel
(Edwards et al. 2015).

2.1.3 Haute-Sorne: A Project that Faces Local Opposition

The only petro-thermal project in an advanced phase of planning in Switzerland as
of 2018 is in the rural town of Haute-Sorne in the Canton of Jura in western
Switzerland. The project is carried out by Geo-Energie Suisse. The project plans to
build a 5 MW geothermal power plant by capturing heat from an artificial reservoir
created in a crystalline bedrock at a depth of 5000 m (GES 2017). The project was
presented to local authorities and the population in 2013. The cantonal government
of Jura, who supports the project, delivered the building authorisation in 2015.

To ensure local support, Geo-Energy Suisse informed the population early on
after the company had selected the site of Haute-Sorne. An accompanying group
was set up, which was composed of local politicians and representatives of NGOs
and businesses. This group acted as a relay between the local population and
Geo-Energie Suisse. It informed the developers about local concerns and provided
the population with updates about the project’s advancement through a newsletter
and public events. Geo-Energie Suisse also organised various information events
and excursions, inviting local people to visit geothermal plants in neighbouring
France and Germany.

Although cantonal and municipal authorities support the project, significant
opposition from the local population has delayed its implementation. A group of
inhabitants of Haute-Sorne is contesting the planning process and has taken the
matter up to the federal court. They argue that the project will bring nuisance such
as noise and impact the landscape, but they state it will also create risk for
groundwater resources and seismicity. As of June 2018, the federal court has not
ruled on this case. In parallel, a group of citizens in the Canton of Jura who are
opposed to the project have collected enough signatures to call for a vote on a
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complete ban of DGE in the canton. The date of the vote has not been settled yet,
and as of June 2018, the completion of the project remains uncertain.

2.1.4 Geothermal Energy in Geneva: Step-by-Step to Greater Depths

In 2014, the canton of Geneva and the public utilities (SIG) have jointly launched
the geothermal programme GEothermie 2020, which consists of prospection and
exploration measures to assess the resources available in the local subsoil. The
strategy is to progress gradually and to feed on previous experiences to limit risks.
GEothermie 2020 does not define itself as a project; rather, it aims to be a pro-
gramme that includes different projects that are each optimally adopted to the local
territory. Quickly, the programme managers realised that the responsibilities of such
a programme go much further than ‘simple’ exploration and prospection cam-
paigns; it necessarily needs to include aspects such as an accompaniment of
interested stakeholders, collaboration with universities, transnational concertation
due to the close border with France and finally the development of a new industry
branch (because geothermal is a new activity for public utilities).

The inclusion of the local population in the process is key, and regular updates
are provided on the programme’s website, as well as through the organisation of
public events at each milestone of the programme (see GEothermie 2010 2018).
ETH Zurich is studying the participation processes in the frame of a transdisci-
plinary research project to analyse how these are taken into account in the strategic
decision-making process and to draw conclusions for other similar programmes in
Switzerland.

2.2 Social Science Research on Acceptance and Public
Engagement for DGE in Switzerland

As said above, part of the Swiss ES 2050 is a major investment in research and
development activities, along with some social scientific research. Here, we briefly
review the main studies and introduce some of their core results in the next section.

Most of the existing works on the social aspects of DGE in Switzerland are
found in an edited volume published by the Swiss Foundation for Technology
Assessment (TA-SWISS); this publication evaluates the risks and potential benefits
of DGE (Hirschberg et al. 2015). The volume includes work on the legal aspects,
highlighting the lack of provision for the exploitation of the subsoil in the federal
constitution. Therefore, the jurisdiction for DGE remains with the cantons. This
explains the very differentiated practices from one canton to the other. The
TA-SWISS study also evaluates public acceptance and public opinion on DGE.
These were evaluated through various methods, including a literature review, a
media analysis, a focus group study and an analysis of social media.
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As mentioned above, a large share of funding for research on DGE is concen-
trated in the SCCER-SoE group. Most social science research on DGE within the
SCCER-SoE group has been carried out within the Transdisciplinarity Lab of the
Department of Environmental Systems Science (D-USYS, TdLab) at ETH Zurich.
Here, the research includes media analyses (Stauffacher et al. 2015), surveys
(Knoblauch et al. 2017), case studies (Muratore et al. 2016) and conceptual work
(Trutnevyte and Wiemer 2017; Trutnevyte and Ejderyan 2017).

These studies generally stress the importance of involving the stakeholders and
the public early on and continuously during process through adapted procedures,
which can range from information campaigns, in cases where strong support to the
project is expressed, to more active engagement forms, such as workshops or focus
groups when direct exchange is needed to address local concerns.

3 Results and Discussion

In this section, we present and discuss the results from the selected studies—which
were carried out by the authors of this chapter—introduced in the previous section.
We include results from two media analyses conducted on German and French
language newspapers. Furthermore, we introduce two case studies: the
hydro-thermal project of St. Gallen and the petro-thermal project in Haute-Sorne.
These studies offer insights into the role of local actors carrying out the project and
how their personality and status influence acceptance.

3.1 Media Analyses

The media analyses focus on the way DGE is framed in national and regional print
media. In a media analysis, framing refers to the way an information is presented by
media, including the storyline, aspects that are emphasised or vocabulary used. The
way media frames information influences the way this information is processed by
the audience (Scheufele 2014). Analysing the way DGE is framed in the media can
help to anticipate public debates on DGE.

3.1.1 German Language Newspapers'

Articles from the two core daily newspapers Neue Ziircher Zeitung (NZZ) and
Tages-Anzeiger (TA), which have broad coverage in the German-speaking part of

'A more extended version of this study is available as a published research paper, see Stauffacher
et al. (2015).
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Switzerland, were analysed. The time frame for the analysis was from 1997 to
2013.

The first analysis focused on the frequency of articles mentioning geothermal
energy (see Fig. 3). The results show that the geothermal debate in the Swiss
newspapers is largely driven by events with news value. More precisely, seismic
events related to the new projects in Basel and St. Gallen; the public vote on the
Triemli geothermal project in Zurich; and global events, such as the Fukushima
accident, play key roles as the catalysts of journalists’ attention. Regarding DGE in
Switzerland, the seismic events in Basel and St. Gallen triggered a significant
increase in media attention; particularly, the adverse reactions in Basel led to an
increase of negative arguments. Thus, geothermal energy is broadly discussed in the
media, which in principle informs societal discourse.

Arguments that share a specific perspective on the issue of DGE were aggre-
gated into the following frames: energy transition, risks, technology and costs. In
each frame, we also differentiated between an argument opposing DGE and one
supporting it. The framing strategies of the different actor groups can be charac-
terised as follows: industry actors mainly frame DGE as an opportunity for the
upcoming energy transition in Switzerland. Scientists clearly favour the risks frame
in the debate. However, the media has scarcely reported about existing risk miti-
gation mechanisms to inform readers about increased seismicity, as well as the
proposals to stop drilling and/or the ingestion of water. For both aspects (risk
mitigation and energy transition), scientists could play a valuable role by providing
relevant information for future energy policy decisions. In contrast, politicians in
general scarcely support a specific frame; instead, they use different frames while
talking about DGE, probably in accordance with their respective political stand-
points. Public authorities do not emphasise a particular frame either; their
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Fig. 3 Frequency of newspaper articles containing the keywords ‘Geothermie’ (geothermal) or
‘Erdwérme’ (terrestrial heat) in TA and NZZ over time (N = 1091 articles). Data source adapted
from Stauffacher et al. (2015)
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arguments are more or less proportional to those of the politicians. Policy makers
and public authorities strongly argue for geothermal energy as an opportunity for
energy transition, but they also refer to the uncertainties and risks around
geothermal projects.

3.1.2 French Language Newspapers”

The media analysis for the French-speaking part of Switzerland was conducted on a
filtered sample of 131 articles from the following newspapers: Le Temps, La
Tribune de Geneéve (TDG) and Le Quotidien jurassien (LQJ). An inductive qual-
itative content analysis revealed that six main frames are used in the
French-speaking press (technology, risks, governance, energy transition, knowl-
edge and costs). These frames are consistent with the four frames identified in the
study on the Swiss-German media. This clearly indicates that there is a public
discourse on DGE at the national level, and as such, it might influence policy
making at the federal level. However, the media analysis also revealed the preva-
lence of a governance frame that is specific to the French-speaking press.” Under
this frame, DGE is discussed as an issue in need of governance. The main topics
that are addressed under the governance frame are the following: the most suitable
legal-institutional framework needed to govern DGE at different administrative
levels (often referred to as lacking), the importance of public engagement (often
discussed in terms of sufficient/insufficient information and participation) and
whether DGE is legitimated by popular support (often based on statements asserting
or questioning the level of support). The governance frame is most prevalent in
LQJ, which is the local newspaper of the canton of Jura, and this is explained by
regular reporting on the Geo-Energie Suisse project in Haute-Sorne, which is a local
issue for this newspaper.

A closer look at the risk frame in the French-speaking press reveals that the most
discussed type of risk is by far seismic risk (208 statements in 67 articles). It is
followed by exploration risk (33 statements in 25 articles) and environmental risk,
which groups the risk of pollution of groundwater or soil and the potential impact
on health/well-being (29 statements in 22 articles).

An important finding is that the media is framing seismic risk as a polarised issue
(Fig. 4). A first category of statements underlines seismic risk, mentioning that it
can cause damage, impact property value, be unpredictable or cause fear. Therefore,
seismic activity can affect the acceptance of a project. This is further supported by
mentions that induced earthquakes related to DGE can damage buildings. In the
media, such statements are predominantly attributed to the population. In

ZA longer version of this study is in preparation for submission.

*Statements classified in the ‘knowledge’ frame in the study on French-speaking news articles
correspond to a subcategory of statements classified under the ‘technology’ frame in the analysis of
German-speaking media.
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newspapers of Switzerland

opposition to these views, there are statements that are relativizing seismic risk;
they do so either by presenting seismic risk as something negligible (low magni-
tude, not causing harm, etc.) or asserting some control over seismic risk (through
traffic light systems, forecasting, etc.). A further way is to present risk as something
that must be accepted if put into relationship with possible benefits. Finally, there
are occurrences suggesting that risk is relative to a specific place. The statements
that relativize risk are predominantly associated with project managers, political
authorities, scientists and experts. An issue here is that such a polarisation crys-
tallises images of an ‘irrational public’ against images of promoters who only seek
to address public concerns about risk by increased technological control. This
indicates an issue that must be addressed in public engagement procedures to avoid
misunderstandings that could lead to conflict.

3.2 Case Studies

3.2.1 St Gallen®

Conducted in 2015, the St. Gallen case study is based on an analysis of all written
documents created by the project developers for communication to the public. It
puts a special emphasis on how the risks and benefits were communicated. In

*A longer version of this study is available in German, see Muratore et al. (2016).
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addition, to assess public perception about the project communication, focus group
discussions were carried out.

The document analysis shows that the communication of risks and benefits in the
beginning was quite balanced. Seismic risk was an important topic from the
beginning on; however, it became the most emphasised topic after the earthquake
happened. When the project stopped, the communication of risks and benefits was
balanced again. The exploration risk was a frequent topic, and especially, written
communication focused on the details linked to these risks.

The benefits mentioned most often in all focus groups were the potential energy
independence that the project would have brought on one side and deep geothermal
as a renewable energy source on the other. Participants of the focus groups dis-
cussed whether deep geothermal would be a way to phase out nuclear power.
Furthermore, they debated whether the gas that had caused the earthquake should
be considered an opportunity and used or whether this would contradict the aim of
the project to increase the share of renewables. The most significant values
emerging out of these discussions were the pioneer image and pride. People
appeared to attach immense importance to being one of the first places to explore
this technology and pave the way for projects elsewhere in Switzerland.

Regarding risks, uncertainty regarding the underground came up in all focus
groups. However, this was just seen as a reality to be considered in these types of
projects. Participants related this uncertainty to the financial risk inherent to such
projects. Seismic risk was mentioned but not perceived as an important threat.
Participants in the focus groups agreed that the project was terminated too early.
According to them, this bore the risk that the St. Gallen example might lead to a
pessimistic view of renewable technologies overall. In general, the people felt well
informed about the risks. Some had the feeling that probabilities about the success
rate were not communicated accurately, but they attributed this perception to the
broad media attention and the generally positive support for the project.

Overall, the perception of the communication was positive. Participants con-
sidered the communication as being open, honest, transparent and understandable.
All focus groups agreed that the city councillor in charge of relaying messages had
a positive impact on the communication. He was considered to be a key to the
success because he showed personal affiliation and dedication to the project.

Important lessons regarding the communication of the risks and benefits that can
be learned from the St. Gallen project are first the importance of transparent
communication and readily accessible information to the citizens from the very
beginning. Second, when the risks of the project were communicated, there was
always an emphasis on the measures in place to deal with them. Although a
charismatic champion carrying the project is not always available, the key role the
city councillor seemed to have illustrated the importance of this role and of, third,
getting strong local stakeholders on board. Likewise, the public felt there was clear
engagement with the project developers.
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3.2.2 Haute-Sorne

The case study on the project in Haute-Sorne is based on a content analysis of
project-related written sources, interviews with the operator, the cantonal authorities
and local stakeholders, as well as observations from an information event for the
local population. Research on this case is ongoing.

The reconstruction of the planning process highlighted that besides geological
conditions, institutional willingness to host a geothermal project was a key factor
for the siting of the Haute-Sorne project.

However, local opposition to the project developed. Inhabitants from
Haute-Sorne opposed the project out of fear of induced seismicity and environ-
mental consequences. In reaction, the operator provided a guarantee that would
cover potential damages caused by the project. He furthermore agreed to organise
further information events. Most of these opponents retracted, except for six citi-
zens who took the project to the federal court. Adding to this, a committee of
concerned citizens from the canton of Jura launched an initiative that called for a
vote to forbid DGE within the canton.

The results indicate a shared impression that the population of Haute-Sorne was
not adequately informed. Several interviewees expressed this view, even though the
promoters set up several information events and sent newsletters informing citizens
about the activities of the accompanying group and the advancement of the project.
A possible explanation for this could be the timing of the information. Information
was sent during an early phase of the project before the project had attracted public
scrutiny and was covered in the media. Because deep geothermal energy is still a
relatively unknown form of energy in Switzerland, it is possible that a significant
share of the recipients ignored this early information.

Another shared impression among the interviewees is that the project lacked
political legitimacy. Although it received support from parties across the political
spectrum and was carried by a cantonal councillor, this view was widely shared
among the interviewees, as well as participants in the observed information event.
Two elements might explain this. First, the cantonal authorisation procedure was
regarded by some actors as bypassing the local political debate. Residents from
Haute-Sorne could oppose the project. But this was an administrative procedure
based on individual oppositions with decisions taken at the cantonal level. This
impression of the absence of room for political debate was shared by supporters of
the project. Some supporters even stressed that although they hoped that the ini-
tiative would not pass the vote, they nevertheless considered it to be a necessary
step for ensuring the project’s legitimacy. A second element that appears from the
document analysis is that even if the government backed the project, it predomi-
nantly framed the project as a local economic development project, stressing
potential benefits in terms of employment and tax revenues. As such, the project
was not anchored in a visionary narrative like in the case of St. Gallen.
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4 Conclusions: Toward a Dynamic Understanding
of Social Context

DGE in Switzerland is part of the new national energy strategy and supported
strongly by national agencies and numerous research projects. However, its
development is slow, and two well-known projects in Basel and St. Gallen had to be
stopped because of seismicity and low water availability. A third project of a
comparable size is planned in Haute-Sorne, where it is being blocked by local
opposition. Yet prospects are still promising because with the national referendum
in 2017, the SFOE can financially support new pilot projects, and research and
development is still being encouraged at a large scale. In addition, the shift from the
production of electricity to also include the production of heat certainly helps to
illustrate the benefits of DGE for decarbonising the energy supply.

One of the core lessons learned from the previous projects is the importance of
close interaction with different stakeholders and the broader public from the very
beginning of a project. This means that public participation becomes more and
more important. In addition, much more attention is paid to risk mitigation and an
appropriate risk governance system. Still, intense social scientific research is nec-
essary to provide further guidance on the concrete implementation of future
projects.

Social science research on DGE in Switzerland highlights the importance of the
social context when planning a project. The varied institutional settings, the mul-
tiplicity of actors involved because of the federal structure of the country and its
multilingualism highlight how different social characteristics influence the way
local populations respond to DGE projects. Therefore, Switzerland offers a good
example of how ‘context matters’ for the siting of contested energy infrastructure
(Rosa and Short 2004).

Guidelines for planning DGE projects have already underlined the importance of
taking into account the social context (Majer et al. 2013) as part of the siting
process for geothermal plants. Such an approach considers the context before a
decision has been made to implement a DGE project and supposes that the context
is static. However, research in social science and the humanities has shown that a
social context is dynamic and ongoingly updated by the actors involved in it as they
receive new information (Van Dijk 2008). Stakeholders and members of the
broader public interpret each of the messages and actions of the developers of
geothermal projects. They adapt their position and attitudes toward geothermal
energy based on these interpretations, which are strongly dependent on their
socio-economic, cultural, linguistic and geographic (rural/urban) backgrounds.

The case studies of St. Gallen and Haute-Sorne show the importance of con-
ceiving the context in such a dynamic and responsive way. Although positive or
negative pre-conditions determining the siting might exist in specific locations, the
way project developers frame a project, the legitimacy of the local actors cham-
pioning it and the forms in which promoters engage with the local public can
considerably influence these conditions. Even when promoters deploy efforts to
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communicate and engage with the public, these efforts might be interpreted dif-
ferently. In Haute-Sorne, some residents claim that the information meetings held
by the promoters of the project in presence of governmental officials during the
authorisation phase did not provide legitimacy. Instead, they would have preferred
having the same discussions at a municipal council session where they would have
a greater possibility of influencing the decision.

Such a dynamic understanding of the social context implies that it is necessary to
also take a dynamic view to communication and public engagement (Kriitli et al.
2010): social aspects must be taken into account throughout the project, and
communication and engagement must be continuously adapted. Risk governance
frameworks for DGE projects have already integrated an approach that leaves room
for deliberative phases all throughout the planning process (Trutnevyte and Wiemer
2017).

This deliberative approach can open up discussions during the planning of DGE
projects to aspects that might seem beyond the responsibility of project developers.
Thus, project developers and policy makers need to integrate geothermal energy as
‘one part of the solution’ in larger discussions about energy transition. In
Switzerland, the GEothermie 2020 programme that was launched in Geneva adopts
such an approach. Further social science research on it will offer insights into how
to integrate geothermal energy into local energy transition strategies. The trans-
disciplinary project of the ETH TdLab with the authorities in the Canton of Geneva
offers a role model for other projects.
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Turkey—Pitching Forward to Energy ®)
Independency ke

Melek Akca Prill

Abstract Turkey is a growing country in economical and demographical sense
with an increasing energy demand over the years. In order to meet its rising
energy hunger, the country is highly dependent on fossil energy imports, which
increases the existing greenhouse gas emissions to a higher level. Although
having a rich amount of renewable energy sources, current energy policies of the
country are jeopardizing the development and gradual utilization of renewable
energies. Among its huge hydro- and wind power potential, Turkey is one of the
richest countries across the globe in terms of geothermal energy. Despite gov-
ernment efforts towards the use of geothermal sources in a broader scale, still
only a small amount of it is used for the electricity generation and other direct-use
applications. This chapter aims to address that, the government supports and
incentives are not solely enough to promote exploitation of geothermal energy
countrywide; also the geothermal technology and areas of application should gain
the social acceptance. Therefore, especially the local people, who reside nearby
the geothermal sources, should be informed about the equal distribution of pos-
itive impacts, economical benefits and potential adverse effects of the geothermal
power plants.

Keywords Turkey - Energy dependency - Renewable sources
Public awareness - Public engagement

1 Introduction

Turkey, with its geographical position between the fossil energy-rich (producer)
regions (Middle-East and Caspian Sea) and fossil energy-scarce (consumer)
countries (Europe), plays a pivotal and emerging role as an energy hub. The country
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itself is deficient in domestic conventional energy sources (except charcoal), but
hosts many existing and planned international crude oil and gas pipeline projects,
which the country is highly dependent on in financial and energy terms. The two
main challenges in Turkey’s energy situation are on the one hand, that the country
is strongly dependent on hydrocarbon imports (especially natural gas). The rising
energy imports put a big burden on country’s volatile economy. On the other hand,
its energy demand has been rapidly increasing since the last decades, due to eco-
nomic development by industrialization and urbanisation.

Based on the January 2017 data of the Turkish Statistical Institute, the population
of Turkey reached around 79 million people at the end of 2016, with an annual
population growth rate of 13.5 in thousands (TUIK 2017). The young population at
the age group of 15-24 was around 13 million, constituting the 16.3% of total pop-
ulation (TUIK 2017). Turkey is still “the youngest nation in Europe” with 8.3% of the
population 65 years old and over, according to the data of the Anatolian Agency (AA
2017). It is projected that the population of Turkey will be over 80 million in 2023.
The population will increase slowly to the year 2050 and it will reach to its highest
value with more than 90 million people in this year. After 2050, the population will
start to decline and expected to be under 90 million in 2075 (TUIK 2013).

With its 769,604 km” surface area, Turkey is one of the largest countries in
Europe. Eastern Thrace in the Marmara region, geographically part of Southeastern
Europe constitutes 3% territory of the country, whereas 97% lies in the Anatolian
(Asian) region. These two continents are divided by Bosphorus (Bogazigi) and
Dardanelles (Canakkale) Straits. Both straits have a strategic importance for Turkey
as well as for supplier and consumer countries, as the merchant vessels and oil
tankers pass through these passages. Nevertheless, due to the heavy traffic on these
chokepoints, the inhabitants are under serious environmental risks. A potential
maritime catastrophe would ruin the entire environmental area and cause fatal
injuries to thousands of people. In order to diminish maritime traffic on the
Bosphorus and Dardanelles Straits and to prevent maritime accidents, the trans-
portation of crude oil, coming mostly from the Caspian Basin, should be replaced
by the oil pipelines passing through the country (for example Baku-Tbilisi-Ceyhan
Crude Oil Pipeline, operating since 2006).

According to latest numbers of World Atlas, Turkey is the world’s 25th and
Europe’s 7th largest economy, with a share of 1.02% global GDP (World Atlas
2018). The major industries in Turkey are based on agricultural products such as
pomegranates, hazelnuts, quinces, watermelons, tea, tomatoes, eggplants, tobacco,
apples, wheat and rye. As being the 28th largest world exporter, cars, vehicle parts,
raw iron bars, delivery trucks, jewelry, apparel, foodstuffs and textiles constitute
country’s main export products (World Atlas 2018). Furthermore, construction and
tourism sectors create the main income resources for the government.

As an upper-middle-income country, the country’s fragile economy is struggling
with political volatilities. Especially due to the insufficient government incentives in
the field of renewable energy policy, Turkey’s dependence on hydrocarbon has
increased rapidly, which consequently put even more burden on economy and
increases its current account deficit. Although having scarce fossil energy sources,
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the country has an abundant potential of all kind of renewable energies, including
hydro- and wind power, solar, geothermal and biomass, to meet its energy hunger.
The increasing use of renewable energy sources in the energy mix will decrease
Turkey’s energy dependency on hydrocarbon imports and render possible to
accomplish sustainable development goals.

By the end of 2016, Turkey’s electricity production ranked as 273.4 billion kWh.
184,889 GWh of total energy production is obtained from coal-fired thermal power
plants, 67,268 GWh from hydroelectric power plants and 21,230 GWh from other
renewable energy sources. Since 2009 there is a significant increase in electricity
production based on renewables. Considering the distribution of resources in
domestic electricity production, coal constitutes the biggest share with 67.8%,
followed by hydropower with 24.6% and other renewables (geothermal, wind,
solar) with 7.8% (Table 1).

The electricity consumption ranked as 278.3 billion kWh. In the last decade,
Turkey’s energy consumption has increased by 41.1%, while the energy production
solely achieved a 27.6% increase. Thus, the growth in energy generation is still
significantly behind the energy consumption. In order to meet its energy deficit, the
country imports approximately 70% of its total primary energy needs from energy
supply countries, particularly natural gas from Russia, which plays the pivotal role
for the energy generation. It is estimated that the total electricity consumption of
Turkey will be 530,000 GWh by the year of 2023. To meet this high level of
consumption, the country is planning to establish an electric power generation
capacity of 100,000 MW. According to this plan, 30% production will come from
natural gas, 35% from coal, 30% from renewable sources and ultimately 5% from
nuclear energy.

Since Turkey has no nuclear power plant, renewable energies comprise the third
pillar in power generation with mainly hydroelectric power plants. By the end of
2016, total installed electricity capacity had increased to 78.5 GW from 31.8 GW in
2002. Hydropower contributed 34% of this installed capacity, followed by natural
gas with 28.3%, coal with 22.1%, combustible fuels (e.g. waste) with 6.2%, wind
power 7.3%, solar 1.1% and geothermal 1%.

2 Geothermal Energy in Turkey

2.1 Turkey’s Geothermal Energy Potential

Turkey has a vast amount of renewable energy sources. Besides having a long
shoreline and extensive mountains with rich hydropower and wind power potential,
the country ranks as one of the richest countries in geothermal energy across the
globe. Based on the 2016 data of the World Energy Council, Turkey ranks as the
3rd country, after China and the USA, in terms of geothermal energy generation
with 1.28 Mtoe per annum (World Energy Council 2016a). In the same year,
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Turkey accounted for half of the new global capacity additions, followed by the
United States, Mexico, Kenya, Japan and Germany (World Energy Council 2016b).
According to the latest numbers of the Energy Atlas in November 2017, Turkey’s
installed geothermal power generation capacity has reached over 1 GW and become
the 4th country globally with its installed power capacity, followed by New Zealand
with 980 MW and Italy with 944 MW (Enerji Atlasi 2017).

Nonetheless, the country uses only about 4% of its geothermal energy potential
efficiently and the electricity generation still remain in low levels. Up until now,
around 600 geothermal prospects and more than 250 geothermal fields with 170 of
which with a temperature range of 40-242 °C were discovered in Turkey; 95% of
which are low to medium enthalpy fields and most of them suitable for direct-use
applications (Parlaktuna et al. 2013).

Turkey is located on the seismically and tectonically active Mediterranean
Earthquake Belt (Parlaktuna et al. 2013). The tectonically active nature of Turkey
results from the Alpine-Himalayan Mountain Belt that began developing by the
closing/shrinking of the Tethys Ocean in the Late Mesozoic Era (Serpen et al.
2010). High-mountain chains were shaped along the northern and southern belt of
Anatolia, while some pre-Cambrian-Paleozoic metamorphic shields (i.e. the
Menderes and Central Anatolian Massifs) remained at the Central Anatolian Belt
(Serpen et al. 2009). As it can be seen in the Fig. 1, the westward movement of the
Anatolian Sub-plate through the northward push of the Afro-Arabian Plate, par-
ticularly in Southeastern Anatolia, resulted in extensional crustal stresses in Eastern
and Central Anatolia. These forces led to the development of vast volcanic fields
between the Miocene and the recent periods (Serpenet al. 2010).

The southern section of the Western Anatolian is closer to the subduction zone
and therefore the heat generated by friction is easily transferred to shallower depths.
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Fig. 1 Map of major geothermal fields and neotectonic plates (NAFZ: North Anatolian Transform
Fault, EAFZ: East Anatolian Transform Fault, WAGS: Western Anatolian Graben System).
Modified from Serpen et al. (2009)
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In the northern section, the depth to the subduction slab is larger, so that the heat
transfer decreases from the deeper sections to the surface (Simsek 2002). The most
important discovered geothermal fields, locate in the Aegean region in Biiytlik
Menderes Graben, are as follows: Manisa-Alasehir-Koseali (287 °C),
Manisa-Salihli-Caferbey (249 °C), Denizli-Kizildere (242 °C), Aydin-Germencik-
Omerbeyli (239 °C), Manisa-Alasehir-Kurudere (214 °C), Aydin-Yilmazkdy
(192 °C), Aydin-Pamukdren (188 °C), Manisa-Alasehir-Kavaklidere (188 °C),
Manisa-Salihli-Gobekli (182 °C) and Kiitahya-Saphane (181 °C).

2.2 Laws and the Regulatory Framework

Since 2005, the geothermal applications and electricity generation from geothermal
sources are regulated under the Law on Utilization of Renewable Energy Sources
for the Purpose of Generating Electrical Energy (Law No 5346, adopted in 2005)
and the Law on Geothermal Resources and Natural Mineral Waters (Law No 5686,
adopted in 2007) along with the Geothermal and Mineral Resources Law
Implementation Regulation No 26727.

The Law No 5346 aims to widespread the use of renewable sources in a sus-
tainable, economical and reliable manner, increase the diversification of resources
and decrease the amount of CO, emissions. Along with the Law on Amendments
on the Law No 5346, the new Law No 6094 entered into force in in 2010, in which
the electricity generation prices as incentives for the diverse renewable energy
sources were determined. As observed in the Table 2, geothermal energy suppliers
can sell their electricity at a higher price of 10.5 USD cents, higher than hydro- and
wind energy suppliers, but lower than biomass (including landfill gas) and solar
power.

The laws and the associated regulation give solutions to the problems concerning
legislative matters and obligations of the exploration and production concession
rights, as well as the technical responsibility, control, and protection of the

Table 2 Price of electricity in Turkey from renewable energy sources after the provision of the
Law in 2010 and numbered 6094

Type of production facility based on renewable energy resources Prices applicable
(USD cent/kWh)

a. Hydroelectric production facility 7.3

b. Wind power based production facility 7.3

c. Geothermal power based production facility 10.5

d. Biomass based production facility (including landfill gas) 13.3

e. Solar power based production facility 13.3

Data Source Law on Utilization of Renewable Energy Sources for the Purpose of Generating
Electrical Energy, Resmi Gazete (Official Gazette), 2005
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geothermal areas (Parlaktuna et al. 2013). In pursuit of the Article 4 of the Law No
5686, ownership of geothermal sources belongs to the State rather than private
property-owners, where the resources are located. In the case of any planned
activity in the geothermal field, Turkish citizens or legal entities are obliged to
apply for a license (Kartal 2013). Notwithstanding this, there is still no specific law
on geothermal energy that regulates the utilization of geothermal sources of the
country in their full potential. Moreover, the existing legislation needs to be
developed in compliance with European Community directives.

Despite the strong presence of the State in geothermal and other energy fields,
since the amendment of Law No 5686, companies, which are distributing or pro-
ducing geothermal resources, are provided with some kind of specific incentives.
Under Article 26 of the Regulation No 26727, these companies are regarded as an
industrial enterprise and can be granted with a geothermal resource distribution or
production certificate. These companies are able to apply for some particular
incentives, such as reduced electricity tariffs (Kartal 2013).

In Turkey the share of private entities in the power generation has increased from
32% in 2002 to 75% by the end of 2015. As well, predominantly the private
companies are operating the geothermal power plants. Since the public sector in
Turkey has diminished its share in the power generation sector, the performance of
the privatised power plants increased from 45 to 80% between the same time
period.

2.3 Geothermal Power Generation in Turkey

Turkish Ministry of Energy and Natural Resources aims in its “Vision 2023” goals
to increase the share of renewable energy resources in total energy mix to 30% by
the year 2023. In particular, the geothermal power installed capacity is to reach
1000 MW. As a consequence of expanding new research and drilling activities in
Turkey, there is a substantial increase both in geothermal applications and in
electricity generation from geothermal sources. The country has already achieved
82% of the targeted geothermal installed capacity. Nevertheless, the future pro-
spects show that the growth in Turkey’s energy demand will be between 6 and 8%
by adding 50,000 MW to the grid by the year 2020. Hence, the electricity gener-
ation from geothermal sources will only be able to meet a small amount of Turkey’s
energy demand, due to its smallest share in renewable sources. In this regard, it
would be a much more feasible option to consider geothermal energy rather as a
local energy source than a countrywide energy supply.

The electricity generation from geothermal sources needs high temperatures,
such as 150 °C and over (Canka Kilic 2016). The most important geothermal fields
for the power generation can be observed in Table 3.

There are three significant geothermal fields with the high capacity of power
generation: Manisa-Alasehir, Denizli-Kizildere (1, 2, 3) and Aydin-Germencik
geothermal fields.
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Table 3 Geothermal fields with highest electricity generation in Turkey

Field City Installed capacity Operation capacity

(MWe) (MWe)
Kizildere Denizli-Saraykdy 15 15

80 80

6.85 6.85
Omerbeyli Aydin-Germencik 47.4 47.4

162.3 22.5

22.5
22.5

Hidirbeyli Aydin-Germencik 20 20
Bozkdy 24 24

24 24

24 24
Pamukdren | Aydin-Kuyucak 61.72 45.02
Glimiiskoy Aydin-Germencik 13.2 13.2
Alasehir Manisa-Alasehir 24 24
Salavatli Aydin-Sultanhisar 8 8

9.5 9.5

34 34
Tuzla Canakkale-Ayvacik | 7.5 7.5
Gerali Denizli-Saraykdy 23
Total 452.41

Data Source Canka Kilic (2016)

Alasehir field, with 287 °C, has the hottest geothermal water wells in Turkey.
The drilling activities in Manisa-Alasehir geothermal well have gained speed
especially since 2011.

The Kizildere geothermal field was the first field, discovered by the MTA in
1968, and utilized for the electricity production in 1984 with an installed capacity of
20.4 MW (Parlaktuna et al. 2013). The field is associated with the major fault along
the northern boundary of the Biiyiik Menderes Graben (Karamenderesi 2013). Until
now, a total of 20 deep wells varying in depth from 370 to 1241 m have been drilled,
while the temperatures range from 170 to 212 °C (Varinca 2011). The most sig-
nificant characteristic of the field is the high amount of non-condensable gases with a
carbon dioxide content of 96-99%, hydrogen sulfide content of 100-200 ppm and
ammonia content of 72 ppm (Varinca 2011). The plant, before its privatization, was
associated with among other issues, surface water contamination.

Kizildere-I Geothermal Power Plant was run by EUAS on behalf of the gov-
ernment for 24 years. In 2008, the field was privatized and transferred to Zorlu
Enerji Company for 30 years (Kindap et al. 2010). The company acquired the
17.4 MWe capacity of Kizildere-I geothermal power plant, and expanded the plant
in 2013 with the 80 MWe capacity of Kizildere-II geothermal power plant. In 2017
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the construction of Kizildere-III geothermal power project has accomplished in the
same field, which currently generates 99 MWe.

In 1986, a liquid carbon dioxide and dry ice production process with a capacity
of 40,000 tons per year was added to the field. The processing capacity increased to
120,000 tons per year in 1999. Besides electricity and dry ice production, the field
has been used for greenhouse heating and space heating (Varinca 2011). The
Kizildere geothermal fluid is also used for bleaching process in the textile industry
as well as in drying and washing of textile products. The area is known for its
thermal springs and balneology centers with health and spa facilities, which offer
therapeutic mud bath and thermal bath, which particularly attracts tourists to the
region.

After its extraction from Kizildere geothermal wells and its utilization, hot water
flows into the Biiylik Menderes Stream, which engenders deoxygenation and this
threatens the aquatic ecosystem and disturbs the ecologic balance. In order to
prevent the increase of the concentration of boron in Biiyiik Menderes Stream and
diminish the negative environmental impacts of these water flows, reinjection wells
should be built.

Aydin-Germencik geothermal field is the second economically significant
geothermal field for generating electricity. The field was discovered by the MTA
and is located in the west of Biiyilk Menderes Graben about 40 km from the
Aegean Sea. By now the MTA drilled ten wells for exploration with depths varying
between 285 and 2.398 m. The temperatures of the first and second aquifers were
between 203-217 and 216-232 °C. The hot water can be used by industry, in
electricity generation, district heating, and in touristic as well as balneology centers
(Varinca 2011).

In addition to power generation, geothermal energy is used in various sectors as
direct-use applications, such as district heating and partially for individual space
heating, domestic hot water supply and greenhouse heating.

2.4 Direct-Use Applications of Geothermal Energy: District
Heating, Greenhouse Heating, Hot Water
and Balneology

The direct-use applications of geothermal energy are widely utilized in Turkey
especially in the Aegean region where the surface temperatures range between 25
and 150 °C. The application areas, which mainly centre upon industry and build-
ings, are listed as follows: heating and/or cooling homes, businesses, spaces and
greenhouses, health care and treatment applications, thermal tourism applications
(hot springs, spas, balneological uses of geothermal water, etc.), fish farming
(heating water), aquaculture productions, farming (crops, fruit, vegetable raising
and drying), mushroom production, etc. (Canka Kilic 2016). Other fields of
geothermal applications, where the temperature vary between 100 and 250 °C, are
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process heat supply, drying, chemical and mineral productions (carbon dioxide,
fertilizer, lithium, heavy water, hydrogen, and mineral water, etc.) and geothermal
heat pump applications (in buildings), refrigeration in industry (Canka Kilic and
Kilic 2013).

Contrary to the world trend in geothermal energy, utilization of heat pump
applications—due to its high capital costs—and other enhanced geothermal systems
have not achieved a remarkable progress in Turkey. Only greenhouse heating sys-
tems have become in Turkey very popular in the recent years. The district heating
projects have not yet gained the same acceleration as greenhouse applications,
mainly due to the following reasons (Serpen et al. 2010):

e Up until now, there is no available geothermal resource has been discovered
close to the provinces.

e The competition between geothermal and natural gas industry is inconsiderably
low.

e Some of the geothermal district heating systems do not have sufficient heat
supply.

e The heating costs are relatively high.

According to the data from the International Geothermal Association, Turkey’s
total thermal installed capacity is 2.0 GW and the direct use of geothermal energy
sources is 10.247 GWh per year (International Geothermal Agency 2014). The
direct use applications from geothermal energy include district heating, greenhouse
heating, and thermal tourism facilities (JEOMER 2012). 58% of the proven
capacity (2.7 GWth) is utilized for geothermal heating, which includes residence
heating (805 MWth), greenhouse heating (612 MWth), thermal facilities heating
(380 MWth), balneology (870 MWth) and heat pump applications (38 MWth)
(Parlaktuna et al. 2013). Space heating is the main type of direct utilization of
geothermal energy in Turkey. There are in total 17 provinces (mainly in western
and central Anatolia) in Turkey, using geothermal fluid in residential heating. The
first geothermal district heating system was established in Gonen in 1987
(Parlaktuna et al. 2013). As it is illustrated in the Table 4, Balcova field in Izmir
with 243 MWt has the largest residential heating capacity.

In particular, there are two significant geothermal district heating fields in
Turkey with their high capacity of heating and adoption of new technologies. First
one is the Balcova-Narlidere district heating system. This heating field is an
exception among other district heating systems in Turkey, due to the adoption of
newest technologies and low operational costs. According to 2013 data, the system
could reach more than 35,000 residences equivalence heating. The second one is
the Afyon district heating system, which attracts attention with its innovative
geothermal projects. Afyon has achieved to become the first self-sufficient city in
Turkey to meet its own energy needs only through its domestic sources, namely
geothermal heating. 15,000 residences, 50 hotels and hundreds of greenhouses are
heated through the underground geothermal heating. As natural gas and coal are not



Turkey—Pitching Forward to Energy Independency

Table 4 Important geothermal district heating systems for households in Turkey
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Field Number of Temperature Capacity Company
heated °C) (MW)
residencies

Balcova-Narlidere | 35,000 140 243 Governorship and
municipality

Afyon 10,000 95 127.5 Predominantly
municipality

Sandikli 11,000 75 119 Predominantly
municipality

Simav 12,000 125 92 Municipality

Diyadin 570 70 62 Predominantly
governorship

Salihli 7500 94 57 Municipality

Edremit 5500 60 39 Municipality and
private

Kozakli 3000 90 34 Predominantly
municipality

Kizilcahamam 2500 70 28 Predominantly
municipality

Sindirgi 300 98 24 Municipality and
private

Kirsehir 1900 57 20 Predominantly
municipality

Gonen 3400 80 19 Predominantly
municipality

Saraykoy 2500 95 19 Predominantly
municipality and
private

Dikili 2000 125 19 Municipality

Sorgun 1500 80 19 Municipality

Bigadic 1500 96 7 Municipality

Bergama 450 70 3 Municipality

Data Source Tirkiye Jeotermal Dernegi (2017)

utilized for the energy generation, the city is able to save 210 million TL (around
€ 45 million) each year, which will be invested for the new geothermal discoveries.

Afyon geothermal energy investments draw attention with the innovations
exemplified in the world. The city is specialised in the fields of geothermal and
solar energy. In addition to having Turkey’s largest thermal heating facility, around
15 thousand residences are warming up by the geothermal district heating system
60% cheaper than other traditional heating systems (e.g. natural gas) This is
equivalent to 300,000 tons of coal per year. In 2013, the city allocated US$75
million to alternative and renewable projects and accomplished 12 inventions that
were tagged with patent and utility model. With recent investments, about 1.5
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million m? of indoor space has been heated by natural water coming from under-
ground. This includes 50 hotels as well as residences. In addition, the heating of the
greenhouse areas is also done with thermal systems (Gecer 2014).

Besides district heating systems for residences, Turkey also has more than 350
thermal resorts, heated by low temperature geothermal water, which offer balne-
ology and thermal tourism applications. Afyon-Orucoglu Thermal Resort facilities
have been heated since 1992 with geothermal water at 48 °C temperature. In
addition, the Bolu-Karacasu Thermal Facility has been partially heated to 44 °C
since 2001, Rize-Ayder Cure Center at 55 °C, Hatay-Kumlu Thermal Facility at
37 °C with bottom heating, Sivas-Hot Cermic Hot Springs at 46 °C and
Samsun-Havza Thermal Facilities are heated by geothermal water at 54 °C tem-
perature. In Haymana, the mosque is heated with 45 °C geothermal water (Tiirkiye
Jeotermal Dernegi 2017).

Heating greenhouses through geothermal energy has been in vogue especially in
recent years. Major greenhouse areas are located in Western Anatolia. The green-
house heating capacity in Turkey reached to almost 3 million m® greenhouse
heating (612 MWth) in 2015. As a result of market saturation, the greenhouse
investments slowed down in the last 3 years. Greenhouses are heated 1500-2000 h
per year, and their main productions are tomatoes and Californian peppers (Serpen
et al. 2010). The major export markets are Russia (60%) and Europe (20%). 10% of
the yield is sold countrywide. The major greenhouse applications are located in
Dikili-Bergama, in Aegean region, with 1,000,000 m? and in Sanliurfa-Karaali in
Southeastern Anatolia, with 474,000 m?2,

Geothermal resources with average and excess enthalpy in Turkey have high
carbon dioxide content. This carbon dioxide gas is used to accelerate the growth of
greenhouse production as well. Greenhouses consume 4,000 tons carbon dioxide
per year per hectare. Therefore, it is essential to transmit 1000-2000 parts per
million of carbon dioxide into greenhouse atmosphere. Consequently, the carbon
dioxide gas obtained from geothermal resources is utilized for greenhouses (Serpen
et al. 2010).

3 Geothermal Energy and Society

The main institution responsible for establishing the energy policy and energy
strategies of Turkey is the Turkish Ministry of Energy and Natural resources
(MENR). Within MENR, the General Directorate of Energy Affairs is responsible
for the coordination of electricity reforms (IEA 2016). Additionally, there are other
non-ministerial organizations responsible for various aspects of energy policy:

e Energy Market Regulatory Authority (EPDK): Responsible for the Energy
policy- and/or regulations

e Turkish Atomic Energy Authority (government entity) (TAEK): Responsible for
the regulatory and supervisory activities in the nuclear field.
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e TUBITAK Marmara Research Center (government entity): Having an energy
institute, responsible for the energy efficiency issues

e Turkish Standards Institute (TSE), International Electrotechnical Commission
(IEC): Responsible for the determination of the energy standards

e Energy Systems and Environmental Research Institute/TUBITAK Marmara
Research Center: Responsible for the Research and Development

e Clean Energy Foundation, Turkish Wind Energy Association, International
Solar Energy Society-Turkish Section, Geothermal Energy Association:
Responsible for the renewable energy regulations.

The responsible authority in Turkey for the development of geothermal energy is
the General Directorate of Mineral Research and Exploration (MTA). First
geothermal exploration and investigation activities started in 1962. Up until now,
230 geothermal fields have been discovered by the MTA. 9 of them are suitable for
electricity generation, and the others are suitable for heating and thermal tourism.
Sixteen of these latter?, which are located in the western Turkey, are also suitable
for electrical power generation, but needs to be developed. The total proven
geothermal capacity of the wells conducted by the MTA is 5000 MW. Together
with the drilling activities operated by the private sector, approximately
14,000 MW proven capacity has been reached (MTA 2017).

Based on the 2016 data of the Turkish MENR, the geothermal capacity of
Turkey is 31,500 MW. 79% of the areas with a potential are situated in Western/
Aegean region, 8.5% in Central Anatolia, 7.5% in the Marmara, 4.5 in Eastern
Anatolia and 0.5% in other regions. 94% of these geothermal sources are low and
medium heat, suitable for direct applications (heating, thermal tourism, the output
of minerals) (MENR 2016), while 6% medium-to-high enthalpy fields are conve-
nient for indirect applications, such as electricity generation, which are located in
the Aegean region of the country. Based on the official data of the Turkish MENR,
the development in geothermal energy application and electricity generation can be
listed as follows (MENR 2016):

e The number of geothermal fields suitable for electricity production increased
from 16 in 2002 to 25 in 2016.

e The number of greenhouses, heated from geothermal energy, increased from
500 m” in 2002 to 3931 m” in 2016, with a rise of 686%.

e District heating from geothermal energy reached from 30,000 residence
equivalent in 2002 to 114,567 residence equivalent in 2016, with a rise of 281%.

e Geothermal heat capacity reached from 3000 to 14,000 MW by the end of 2015,
with a rise of 366%.

e Electricity production from geothermal energy reached from 15 MWe in 2002 to
820 MWe in 2016, with a rise of 5366%.

In spite of significant progress that the Turkish government has been showing
with regards to widespread utilization of renewable energies, the social dimensions
are not attracted much attention in government’s policy programmes. The social
acceptance and favorable public perception of the renewable energies are important
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to increase the gradual use of renewable energies among the country. In this regard,
the lack of certainties on the authorities, government bodies, organizations, stake-
holders and citizens should be eliminated to accelerate the rapid development in
clean energy sources.

3.1 Public Perception and Awareness of Renewable Energy
Sources

Although having enormous potential of sources for the renewable energy produc-
tion, the gradual development of the use of renewable sources remain weak. One
reason can be addressed to the government’s energy policy, which still gives
precedence to the full-utilization of indigenous resources (like charcoal) and
establishing three nuclear energy power plants. Other reason can be associated with
the low awareness and consciousness of renewable energy application among the
society. The level of awareness may differentiate in various geographical regions,
generation, educational and career level (Yousefi-Sahzabi et al. 2017).

In order to understand the relationship between the awareness of renewable
energy applications and the factor of educational level, Tortop, from the Zonguldak
Karaelmas University, interviewed with 127 students, who have been attending in
different high schools in Isparta, Turkey. The results of his study show that the
awareness of high school students regarding the renewable energy applications is
very low. They have serious misinterpretations regarding these applications. Most
of them would not prefer to make a career in the renewable energy field and are not
aware of the presence of “Research and Application Centre for Renewable Energy
Resources™ at the Isparta Siileyman Demirel University, which locates in the city
they reside (Tortop 2012).

In another study Token, Koktiirk and Birol Akkurt from the Dokuz Eyliil
University, Izmir, conducted a research about the contribution of increasing
buildings and systems that use renewable energy sources to creation of a public
awareness regarding renewable sources. Within this study, they suggested to
establish a “Renewable Energy Museum”, in where the technologies can be
introduced to the society (especially children and youth), which, ultimately, may
change the view towards renewable energy sources and promotes more conscious
and common utilization of these clean energy sources (Tokuc et al. 2009).

Due to the limited research surveys on the public perception of Turkish society
on renewable energy sources, understanding the issue of awareness and con-
sciousness in a countrywide scale is difficult. If the level of education and pro-
fessional background play a major role in the public awareness, it is expected that
the residents of big metropolitan cities such as Istanbul, Ankara and Izmir show
higher level of awareness to clean energy technologies than the residents living in
urban areas.
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3.2 Social Acceptance of Geothermal Energy

The utilization of geothermal sources is an environmental friendlier energy option
and has much more diverse application areas than the other renewable sources.
Moreover, it does not depend on climate conditions. Nevertheless, just like the
other renewable energy production areas, the geothermal facilities are also not free
from negative environmental impacts. The wastes produced by geothermal systems
include toxic metals. Geothermal plants may also smell and produce noise pollution
during construction, drilling wells and the escape of high-pressure steam during
testing. Therefore the local residents living nearby of a geothermal plant should be
informed by the project owners about the benefits and potential adverse effects.

The main economic benefit of a geothermal plant can be the creation short- and
long-term employment opportunities for the local residents. Furthermore, the plant
owners may purchase some necessary materials and equipment from the local
sources. Another benefit of a geothermal power plant can be providing district
heating systems to the close residents or farms. The agricultural crop production can
be benefited through the heating system.

Cetiner et al. conducted a case study with 3 high school and 101 university
students to determine the social acceptance and perception of geothermal energy in
the Big Peninsula, Canakkale, Turkey. The results of the research show that
geothermal energy sources in the Big Peninsula have significant potential for dif-
ferent areas of uses, but the knowledge regarding the environmental effects is
insufficient. Furthermore, although geothermal systems have a wide-scale public
acceptance as an energy resource (73.1%), there is roughly the same level of
acceptance (71.2%) that they are used for treatment purposes. Moreover, there is a
high awareness (78.9%) of technological choices like hot dry rocks that are not used
in Turkey (Cetiner et al. 2016).

4 Conclusions

Turkey locates in one of the most convenient areas in the world, where obtainment
of high temperature and low cost geothermal energy is possible. Despite its
abundant potential, the systematic exploration of the geothermal resources in entire
grabens and belts is not done yet. Furthermore, in order to reach higher temperature
of geothermal source, deep drilling activities are needed, which is expensive in a
considerable manner. Therefore, the drilling activities in the geothermal areas still
remain insufficient in number. Heating costs put a heavy burden on the Turkish
economy. District heating through the geothermal energy in Turkey is the cheapest
way compared to gas-fired combi boiler (which is mostly preferred for residential
heating) conventional or central heating systems and has therefore gained wide
acceptance among consumers. In addition to the heating purposes, the use of
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geothermal energy for the cooling applications should also be encouraged by the
Turkish authorities.

According to Turkey Geothermal Association, there are important problems,
which have to be eliminated in order to accelerate the sustainable development of
geothermal applications. These are:

e There is no available data system that contains information obtained from drilled
wells. It is useful to set up such an information system.

e Turkish Petroleum (officially responsible company for the crude oil drilling
activities in Turkey) has an information system, which contains the temperature
of the wells, water and geothermal value-oriented formation. It is therefore
necessary that the Turkey Petroleum share this data also with the geothermal
sector.

e There is little incentive for the electricity generation from geothermal resource
and no incentive for geothermal heating. There are only incentives given by the
Ministry of Agriculture for investments for the geothermal greenhouses, which
is around 600,000 TL (around USD 155,000). This incentive was very beneficial
for the development of the geothermal greenhouses. Such an incentive form
should also be implemented to the geothermal district heating systems.

e In accordance with Law No 5686, MTA is currently responsible for the geo-
logical exploration of the geothermal areas, geophysics, geophysical surveys,
geological survey related geothermal risk and investigation of the mining risks.
These practices should be further deepened and continued.

The partnership of the private sector with the municipalities regarding the
construction of geothermal central heating systems should be encouraged with the
enactment of necessary legal infrastructures and legal arrangements.

To the contrary of the slight contribution of electricity generation from
geothermal sources, geothermal district-use heating potential in Turkey is consid-
erably high. According to the estimations, if the geothermal heating solely in
Turkey is used, 5 million residences (30% of the total residences) will be heated and
as a result, emission of 48 million ton per annum carbon dioxide to the atmosphere
can be inhibited. Thereby, there will be significant reductions in the amount of
imported oil, natural gas and coal for the heating purposes.

It is foreseen that the utilization of geothermal energy will become prevalent in
Turkey over the next decade. The specific incentives and feed-in-tariff by the
government are expected to encourage investments in geothermal energy.
Geothermal power may help Turkey to move towards a more decentralized form of
electricity generation, where the installed plant meets the necessities of local cus-
tomers, avoids transmission losses and increases flexibility in system use. Thereby
the diversification of power generation plants will be ensured which in turn
increases competition in electricity generation.

Turkish government plans to raise the share of renewable energy sources in
electricity production to at least 30% by 2023. The calculations show that
geothermal power and biomass-based energy production will achieve the 2023
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targets, while solar energy installations remain still insufficient in number. Wind-
and hydropower with their high potential and adequate number of proposed facil-
ities will contribute to the total electricity generation in considerable amount.
Nevertheless some environmental and social aspects should be considered before
the construction of new plants. Moreover, Turkey still needs to establish a more
coherent energy and climate policy and implement support mechanisms, which
particularly address each type of renewable energy resource in Turkey.

Besides the necessity of government support and incentives, the public accep-
tance regarding the geothermal energy technologies and application areas play also
a very significant role to develop the gradual utilization of geothermal resources.
Therefore, especially the local residents living nearby a geothermal power plant
should be informed about the economical benefits (such as short- and long-term
employment opportunities, establishment of a district heating system for the resi-
dencies), agricultural benefits (cultivating vegetables and fruits, greenhouse heat-
ing) as well as possible burdens (such as noise pollution, smell, etc.). Furthermore,
the project owners should take the necessary precautions in order to minimize the
adverse effects for the inhabitants.
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Conclusions

Agnes Allansdottir Adele Manzella and Anna Pellizzone

Keywords: International comparison - Governance - Social aspects
Policy making

Synopsis of the Book

The somewhat modest aim of this chapter is to try to bring together all the con-
tributions to this book in a short synopsis and in particular to provide a sensible
overview of the rich material offered by the country case profiles from around the
globe. The ultimate aim of this book was not simply to promote geothermal energy
as a preferential resource for energy production, but to contribute to the design of
new research and policies towards an inclusive, responsible and participatory
energy transition. As the mission of energy experts is to pave the way for a sus-
tainable and accessible energy provision while taking into account social and
environmental issues, geothermal energy is one of the technologies that could
greatly contribute to a carbon-free future.

This edited volume was divided into two broad sections or blocks of chapters.
The four chapter in the first section presented differing perspectives on geothermal
energy and society. Manzella (Chapter “General Introduction to Geothermal Energy
”, this volume) presented the current state of the art in the sciences and technologies
applied in the harnessing of geothermal energy, for both heating & cooling and
electricity production. Dumas (Chapter “Policy and Regulatory Aspects of
Geothermal Energy: A European Perspective”, this volume) outlined the current
regulatory framework in this field, how such a framework has evolved and what the
future prospects are, with a particular emphasis on Europe. Contini and his
colleagues (Chapter “Business Strategies in Geothermal Energy Market: A
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Citizens-Based Perspective”, this volume), presented an overview of the business
models available to energy companies in this sector and how they interact with
society, with a particular emphasis on the concept of Corporate Social
Responsibility in the case of both heating & cooling by shallow Ground Source
Heat Pumps (GSHP) and electricity production. Allansdottir and her colleagues
(Chapter “Geothermal Energy and Public Engagement”, this volume) discussed
conceptual and methodological frameworks that can guide and inform research and
activities related to geothermal energy and society. Pellizzone and her colleagues
(Chapter “Drawing the Picture: Public Engagement Experiences as Tools Towards
an Emerging Framework”, this volume) provide a bridge between the two sections,
from the different perspectives presented in the first block and to the eleven country
profiles and cases studies presented in the second block.

The collection of eleven country profiles in the second part of this book has
taken the reader on a journey across different parts of the globe in order to explore
how the diverse societies actually configure in developments and processes of
innovation that harness the natural geothermal resources of the respective countries.
Two chapters come from Oceania: Australia and New Zealand, two from Asia: the
Philippines and Japan, one from North America: Quebec in Canada, and six from
European countries in a wide sense: France, Greece, Iceland, Italy, Switzerland and
Turkey. The country profiles were all written for this edited volume and adhered to
a minimal agreed common structure and most report upon a series of social sci-
entific case studies or activities that have been conducted in the respective coun-
tries. The authors come from a wide range of disciplinary backgrounds and this
diversity is reflected in their contributions. Some of the country profiles tilt towards
a more sophisticated technical presentation of developments in the geothermal
sector in their countries, some tilt towards the perspectives of social sciences and
innovation studies and some strike a balance between those two points of view on
geothermal energy and society. As editors, we provided editorial assistance to
ensure that all key aspects were covered in each country profile and the case studies
presented therein. Beyond those guidelines, all the authors had considerable free-
dom in constructing their respective chapters. This, we believe, is one of the key
strength of this book as it really does give a voice to a multitude of perspectives on
innovation and development in the geothermal sector. The result is a multifaceted,
unique and truly interdisciplinary contribution to the literature in the geothermal
sector. The material that has been prepared and presented in the second section is
both extremely rich and nuanced and, by definition or necessity, more descriptive
than analytic.

These eleven chapters reflect both the historical and cultural peculiarities of the
countries presented and the perspectives of the authors in terms of their disciplinary
background and involvement in the sociotechnical systems in which the geothermal
energy sector evolves. These country profiles, with the concrete case studies
embedded within them, therefore constitute “Thick Descriptions” in the sense
articulated by Geertz (1973). We are very much aware of the potential pitfalls of
having assembled yet another loosely connected set of case studies (Stilgoe et al.
2013). Hence, in this concluding chapter we do attempt to tease out a brief synopsis
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on the basis of these accounts and do try to compare and contrast the themes that
emerge from this collection of experiences. The aim is to offer at least some
inspiration for future research and reflections upon the relationship between
geothermal energy and society. Further elaboration of the material presented in
these country profiles might for example draw upon available tools and techniques
for analysis of multiple cases such as comparative qualitative analysis of case
studies (Hansen and Allansdottir 2011).

To a varying degree, the descriptions presented by the country profiles touch
upon three distinct societal levels as articulated by the Multi-Level Perspective on
sociotechnical systems and innovation processes (Geels and Schot 2004). First, on a
macro level in the sense of the broadest context of cultural, historical, economic and
political patterns or in other words, outlining the political and economic history of
the use of geothermal resources and the whole energy framework, in a given
country. Second, on a meso level, or the socio technical regime in the sense of
networks of actors and practices that form around particular technology develop-
ments, in other words various sets of stakeholders involved in particular develop-
ments and related communication processes. And finally, on a micro level that
entails the perspectives and outlooks of individuals and groups (see also
Allansdottir and her colleagues, Chapter “Geothermal Energy and Public
Engagement”, this volume; Devine-Wright et al. 2017). Our point of departure in
this brief synopsis, and overview of the preceding chapters, is the distinction put
forward by Manzella (Chapter “General Introduction to Geothermal Energy”, this
volume), that was further taken up and elaborated upon by the authors of other
chapters, that is the distinction between heating & cooling and electricity produc-
tion technologies. While the former use geothermal fluids in a wide temperature
range, electricity production technologies require fluids at high temperature, usually
obtained from deep resources. Although the heterogeneity of rock types, heat
source and in general of geological processes impedes a direct proportionality, the
higher the fluid temperature the more complex is the production and management of
geothermal fluids due to increasing mineral and gas fluid content and drilling depth.

What Drives the Harnessing of Geothermal Resources?

Geothermal resources are older than human societies and from Palaeolithic times
onwards these resources have been utilised by local communities most notably for
bathing, washing, preparation of food - important already in the times of the Roman
empire as well as in the Japanese tradition of onsen, just to take two examples. At
the outset of the 20th century, technological solutions had been developed that
enabled the harnessing of the power of geothermal resources to produce electricity
to meet increasing demands (as described in Manzella, Chapter “General
Introduction to Geothermal Energy”, and Pellizzone et al. Chapter “Geothermal
Resources in Italy: Tracing a Path Towards Public Engagement”, all in this vol-
ume). In the thirties, during times of a profound economic crisis, geothermal
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resources were harnessed to provide affordable heating and comfort to local com-
munities and towns (as in Manzella, Chapter “General Introduction to Geothermal
Energy”, and Joénsson et al. Chapter “Taming the Elements—The Use of
Geothermal Energy in Iceland”, all in this volume). For the most part, these
developments were supported by society as a whole. The next major wave of
developments occurred during the oil crisis in the seventies, when the need to find
alternatives to fossil fuels encouraged the technological development of renewable
energies (see for example Chavot at al. Chapter “Geothermal Energy in France. A
Resource Fairly Accepted for Heating but Controversial for High-Energy Power
Plants”, Jonsson et al. Chapter “Taming the Elements—The Use of Geothermal
Energy in Iceland”, Ratio et al. Chapter “The Philippine Experience in Geothermal
Energy Development” all in this volume). The concerns related to nuclear energy
technologies after the Fukushima disaster have recently increased the interest for
renewable and sustainable energies and, among them, geothermal (see for example
Carr-Cornish et al. Chapter “An Application of Social Science to Inform the
Stakeholder Engagement of an Emerging Geothermal Industry in Australia”,
Chavot et al. Chapter “Geothermal Energy in France. A Resource Fairly Accepted
for Heating but Controversial for High-Energy Power Plants”, Yasukawa Chapter
“Issues Around Geothermal Energy and Society in Japan”, Ejderyan et al. Chapter
“Geothermal Energy in Switzerland: Highlighting the Role of Context”, all in this
volume).

The latest wave in technological developments that enable the harnessing of
geothermal resources rests upon the capacity to extract the heat of the earth from
resources that have hitherto been unmanageable in order to produce electricity and
heat to meet growing demands for energy. In recent years, as concerns over climate
change have grown and debates over environmental protection and respect for the
only planet we have got have become mainstream, this new frontier of harnessing
deep geothermal resources has greatly gained in prominence as an important
contribution to energy production that facilitates the transitions to a sustainable low
carbon future (see also the Preface to this volume).

Heating & Cooling and Electricity Production Technologies

The obvious first reflection that follows from making a distinction between heating
& cooling and electricity production technologies is that the history of the former
type of application goes back centuries, at least in many of the countries profiled in
this book such as France, Iceland, Italy and Japan or for that matter in more recent
times, Switzerland has become one of the world leaders in terms of the density of
geothermal heat pump installation. In other countries profiled in this book, the
heating & cooling applications are not yet considered economically competitive but
applications are emerging such as greenhouse heating for agricultural use in
Turkey.
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If harnessing geothermal resources for a variety of heating & cooling purposes is
for the most part rather well accepted, although there are inevitable disputes over
particular developments as clearly emerges from reading the country profiles, it is
also because in most cases there is a direct benefit to the users and the technologies
applied in developments are increasingly familiar to the local communities
involved. When it comes to the harnessing of deep geothermal resources, in par-
ticular for electricity production, the picture changes in some radical ways. Note
that the typology of the natural resource, in this case the heat inside the earth, is of
the same category; what changes is the approach and the technologies used for
harnessing, and the physical condition (abundance, temperature, pressure) and
chemical composition of the fluids exchanging and transporting the heat to the
surface. It is this difference that allows us to characterise harnessing of deep
geothermal as an emerging field of science and technology. Further, even if the use
of geothermal resources has always been an integral part of communities and
societies where such resources are abundant, the harnessing of deep geothermal
resources for heating & cooling and electricity production is generally unfamiliar to
societies and the general public (as is evident in most of the country profiles
presented in this book). In many countries there is considerable perplexity over the
use of geothermal energy in contrast with other more familiar renewable energy
resources, such as wind and solar (Pellizzone et al. Chapter “Geothermal Resources
in Italy: Tracing a Path Towards Public Engagement” of this volume).

The sources of perplexity might vary. Societies might be insufficiently informed
about geothermal technologies as such and the risks and the benefits involved. That
holds for Canada in general and Quebec in particular (Malo et al. Chapter “Public
Perception Regarding Deep Geothermal Energy and Social Acceptability in the
Province of Québec, Canada”, this volume) and for Italy (Pellizzone et al. Chapter
“Geothermal Resources in Italy: Tracing a Path Towards Public Engagement” of this
volume). There is clearly important work ahead on this front and we will come back
to that later in this chapter. Another possible source of perplexity derives from
unfortunate experiences. The French chapter presents two such stories, the aban-
doned pilot projects for deep geothermal for the production of electricity in the
French overseas territories in Guadeloupe in the Atlantic Ocean, in the West Indies
and Réunion in the Indian Ocean and as well the difficulties faced by the pilot project
at Soultz-sous-Foréts in the Rhine Basin in mainland France (Chavot at al. Chapter
“Geothermal Energy in France. A Resource Fairly Accepted for Heating but
Controversial for High-Energy Power Plants”, this volume). Another example from
the collection of country profiles would be the controversy over geothermal power
plants on the Greek Island of Milos in the seventies (Karytsas et al. Chapter “Social
Aspects of Geothermal Energy in Greece”, this volume) that still reverberates in the
debate over geothermal energy in the country. However, negative results not always
preclude the interest of public in deep geothermal resource development (e.g. the St.
Gallen experience of Switzerland, described in Ejderyan et al. Chapter “Geothermal
Energy in Switzerland: Highlighting the Role of Context”, this volume). A further
possible source of perplexity over the use of geothermal energy, in particular for
producing electricity, is the question of how the energy that would be generated
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would eventually be used (Jonsson et al. Chapter “Taming the Elements—The Use
of Geothermal Energy in Iceland”, this volume).

That brings us to the crucial issue of energy demand that varies greatly across the
countries profiled in this book, from countries where internal electricity production
more than meets demand, such as Iceland, to countries where even large geothermal
production may cover only a minor part of the large energy demand, as Italy, to
countries, as Turkey, where a surge in demand for electricity, in particular from
clean renewable sources such as geothermal given the countries commitment to the
transition towards a low carbon sustainable future, provides further pressure toward
harnessing of geothermal resources. The relationship between levels of energy
demand and impetus for development and innovation in this sector is an argument
that warrants further considerations.

Ownership and Management of Geothermal Resources

The laws and the regulations that govern the ownership, harnessing, the trade and
management of geothermal resources clearly vary greatly between the countries
profiled in this book and a comprehensive overview of this field is far beyond the
much more modest scope of this chapter.

Some countries, for example Switzerland and Greece, do not really have com-
plete or adequate normative frameworks on geothermal resources in place
(Ejderyan et al. Chapter “Geothermal Energy in Switzerland: Highlighting the Role
of Context”, Karytsas et al. Chapter “Social Aspects of Geothermal Energy in
Greece” in this volume for further details). The processes granting authorisation and
licensing for development and use of geothermal resources is managed at different
administrative levels around the world. For example, in France, where geothermal
resources are governed by the national laws regulating mining in general (Chavot at
al. Chapter “Geothermal Energy in France. A Resource Fairly Accepted for Heating
but Controversial for High-Energy Power Plants”, this volume), tensions between
local and national levels of decision making can result in situations of conflict for
local democracy. In Japan (Yasukawa Chapter “Issues Around Geothermal Energy
and Society in Japan” this volume), where for historical reasons geothermal
resources fall under the so-called Hot Spring Law and are regulated at local level
instead of regional or national level, the interests of owners of “onsen inn”
(spa) businesses have clashed with developments in other fields of geothermal
harnessing. Further, New Zealand has a unique regulatory regime to sustainably
manage its geothermal resources, also for historical reasons valuing the close
inextricably ties between the first nation Maori people and geothermal resources
(Luketina and Parson, Chapter “New Zealand’s Public Participation in Geothermal
Resource Development”, this volume). The close ties between culture, history and
nature also figures prominently in the chapter from the Philippines (Ratio et al.
Chapter “The Philippine Experience in Geothermal Energy Development”, this
volume). This is why it is probably no coincidence that New Zealand and
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Philippines have two of the most complete and advanced regulatory framework as
regard to public engagement and public consultation for geothermal development.

These are just examples and further characterisation of national, regional or
municipal laws and regulations governing the use of geothermal resources and how
these different regulatory frameworks relate to the debates over developments and
innovation in the geothermal sector is an interesting line of analysis to pursue. The
chapters on regulatory framework (Dumas Chapter “Policy and Regulatory Aspects
of Geothermal Energy: A European Perspective”, this volume) and on business
models and corporate social responsibility (Contini et al. Chapter “Business
Strategies in Geothermal Energy Market: A Citizens-Based Perspective”, this
volume) contain interesting guidelines to follow for further exploration of the
material presented in the country profiles.

Geothermal Energy and Societal Engagement

All the country profiles report upon an astonishing variety of activities, reflections
and social scientific research that has been carried out in the countries presented.
The very richness of the material raises many pertinent research questions that for
the sake of brevity cannot be properly addressed in this very brief synopsis and we
hope that this can pave the way for interesting international comparative research
projects for the future.

Amongst many interesting research questions for the future is the pertinent
question of who initiates and funds social scientific research on geothermal energy
and society? In some countries, for example Australia (Carr-Cornish et al. Chapter
“An Application of Social Science to Inform the Stakeholder Engagement of an
Emerging Geothermal Industry in Australia”, this volume) public authorities
decided to invest in social scientific research when exploring the feasibility of
further developments and innovation in the geothermal energy sector.
Methodological approaches and research techniques applied included surveys,
interviews and focus groups and most of this research has already been published
internationally. In other countries, for example Turkey (Prill Chapter “Turkey—
Pitching Forward to Energy Independency”, this volume), public authorities have
not as yet showed much interest in funding social scientific studies on geothermal
energy and society although the author does report upon some interesting studies.
Another example is Iceland where grass roots movements questioning further
exploitation of geothermal resources for electricity production have become vocal
in recent years but social scientific studies on public views and citizens’ engage-
ment are still scarce (Jonsson et al. Chapter “Taming the Elements—The Use of
Geothermal Energy in Iceland”, this volume). The country profiles for Italy, France
and Québec in Canada report upon multi-methodological approaches that were
applied in a series of publicly funded case studies within the framework of scientific
and engineering research on geothermal resources (Pellizzone et al. Chapter
“Geothermal Resources in Italy: Tracing a Path Towards Public Engagement”,
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Chavot at al. Chapter “Geothermal Energy in France. A Resource Fairly Accepted
for Heating but Controversial for High-Energy Power Plants”, Malo et al. Chapter
“Public Perception Regarding Deep Geothermal Energy and Social Acceptability in
the Province of Québec, Canada”, all in this volume). Most of this research has
already been published internationally.

The profile of Switzerland, where direct democracy is firmly institutionalised on
all levels of administration, presents a range of activities, public consultation and
social scientific research regarding geothermal energy (Ejderyan et al. Chapter
“Geothermal Energy in Switzerland: Highlighting the Role of Context”, this vol-
ume). That raises another interesting question: how forms of citizens’ participation
and public engagement are institutionalised in different countries and how does
that impact national, and eventually international debates on innovation in the
geothermal sector? Although there is not much space here to further elaborate on
these, as well as other questions stemming from reading through the profiles, the
chapter by Allansdottir and her colleagues, Chapter “Geothermal Energy and Public
Engagement”, this volume can provide some guidance on further analysis.

Policy Implications

As in all cases of analysis of the relationship between technological development
and society, the technologies themselves or as such are rarely objected to. What
often drives societal concerns are societal perplexities over the use, governance and
management of those technologies and the same holds for the range of technologies
that harvest geothermal energy resources. This book might not have provided
definite answers to a myriad of questions about the relationship between geothermal
energy and society, or more broadly the relationship between societies and the
transition towards a sustainable low carbon energy future, but we do hope to have
raised some interesting and pertinent questions for further research and reflections
in this field. The chapters in the second section had a national focus and often
reported upon highly localised issues, conflicts and case studies and as such they
hold immense value as first steps. However, as work in this field evolves and
develops, the moment has come to start thinking on a more global scale in terms of
polycentric systems for coping with global environmental change (Ostrom 2010)
and the transition to a low carbon energy future for all and the pursue of the
“common good”.

There are several policy implications that derive from all the efforts that have
gone into making this book happen. The first regards interdisciplinarity and a
societal dialogue about innovation in the geothermal sector. As this book in itself
shows, various actors and stakeholders can come together to pursue a common aim
and further the knowledge by learning from other experiences. The final goal of
mutual learning is to strike a balance between many conflicting perspectives and
points of view on a sector that is often controversial. As social aspects of the energy
transition are becoming a field of interest for different actors (i.e. researchers from
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different disciplines, policy makers, public engagement practitioners, industries and
civil society organizations) new ‘“spaces” for an interdisciplinary discussion on
energy technologies and energy transition are needed at both local and international
level. As public views towards energy technology are often place-related and as the
impacts of energy production, distribution and use act at the global level, both
global and local dimensions need to be considered when it comes to energy
research and the design of new policy developments.

The second policy implication regards processes of communication. Research,
reported in this book and elsewhere, indicates that the potential of geothermal
energy is simply much less familiar to the general public than other renewable.
Further to that, there is considerable uncertainty over geothermal technology and
therefore public communication campaigns are necessary. An important distinction
has to be made between public communication, preferably designed and conducted
by independent experts on the one hand, and the communication processes insti-
gated and provided by private companies on the other hand. The latter tend to be
more organised and have more resources while public communication in this field
needs to be strengthen. Research shows that scientist in universities and public
research centres are highly trusted in these matters and are regarded as the preferred
source of information in comparison to companies’ experts, decision makers and
journalists. In terms of policy actions, it would be extremely valuable to give
support to scientists and researchers in order to make available accurate, accessible
and organised information for the public and local communities. This implies that
science and communication curricula should seek a common ground, and profes-
sional and economic resources of research organizations working in the geothermal
sector should be strengthened. At the moment of writing this chapter, some inter-
esting initiatives are emerging, for example The Geothermal Resources Portfolio
Optimization and Reporting Tool of the US Department of Energy (Young and
Levine 2018) that could serve as a source of inspiration for future activities.

Finally, and in order to smooth the path of the energy transition, public
engagement activities are of increasing importance and such activities should be
strengthened and reinforced through adequate levels of public funding. Forms of
dialogue that facilitate taking into account the views of local communities and the
general public, need to be further consolidated and developed. Public engagement
in the energy field is not only a matter of social acceptance, but it is about
co-creating the future together with citizens and society as a whole. Meaningful
engagement activities in the geothermal field have to be considered part of the
innovation process and public views and values needs to be included from the very
beginning of the geothermal innovation process itself. The final goal is to embed
social needs, perplexities and expectations within arena of responsible energy
choices, fostering the participation of a scientifically literate society, enhancing
diversity, stimulating collective intelligence, furthering mutual understanding and
mutual learning among different stakeholders in research design and results. An
interesting recent development that points in this direction includes the novel
concept of Geoethics that deals with the ethical, social and cultural implications of
geoscientific research, including geothermal energy (Meller et al. 2017). Taken
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together, these considerations suggest that new organizational arrangements would
be highly beneficial for all. Such arrangement might for example include a con-
tinuously updated “open access” observatory of new energy technologies and
society, including geothermal energy and that inevitably requires public funding.

We hope that this book has made a contribution to the design of future col-
laborative research on geothermal energy and society, as a successful transition
towards a low carbon future for all hinges upon the support of all diverse layers of
society and social groups.
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