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The article establishes some parallels in attitude and analogies in decision-making
between the fictional underground explorations depicted in Jules Verne’s novel Journey
to the Center of the Earth (1864) and contemporary engineering efforts to tap geother-
mal energy by drilling through the Earth’s crust. It is argued that reconstructing these
parallels can be a helpful way of uncovering previously little discussed assumptions
and perhaps even deeply ingrained attitudes derived from specific perceptions of the
geological underground. In the course of doing so, topics analyzed include the integra-
tion of old and new technologies, connections between responsibility and irrationality,
failure as a normal stepping stone, or how unavoidable unknowns are being creatively
incorporated into decision-making and practical strategies for probing into unfathomed
depths.
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Introduction

Geothermal power, the internal heat stored in the depths of the Earth, has received
comparatively scant attention from engineering studies and related fields.1 Most non-
technical fields interested in energy have, if at all, focused mainly on wind, solar, biomass
and, to a lesser extent, hydropower. This lack of attention may have to do with the fact
that the tapping of geothermal energy has so far been limited to areas near tectonic plate
boundaries. However, it almost certainly has to do also with the fact that the Earth’s heat
has not played a prominent role in public debates on clean energy because clean, renewable
or sustainable energy is associated in most people’s minds with sources above the Earth’s
surface, whereas what comes from below is widely considered mysterious and not well
comprehended.

*Email: matthias.gross@ufz.de
1In English-language publications, a few studies can be found by economists and modelers (see e.g.
Miethling, “Different but Similar,” 2011; Purkus and Barth, “Geothermal Power Production,” 2011;
and Teske et al., “Energy [R]evolution,” 2011), a few on social acceptance (see e.g. Dowd et al.,
“Geothermal Technology in Australia,” 2011 and Manologlou, Tsartas, and Markou, “Geothermal
Energy Sources,” 2004); and – albeit generally dated – a small number of anthropologically informed
studies conducted in areas well known for their use of geothermal energy, such as Iceland, Greece and
Hawaii (e.g. Canan, “Rethinking Geothermal Energy’s Contribution,” 1986; Edelstein and Kleese,
“Cultural Relativity,” 1995; and Kousis, “Collective Resistance,” 1993).

c© 2015 Taylor & Francis
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This article will examine the way the ‘mysterious’ underground is dealt with in Jules
Verne’s science fiction novel Journey to the Center of the Earth from 1864,2 using this as
a starting point for establishing parallels and similarities with the specific research prac-
tices and engineering strategies used in contemporary efforts to tap geothermal energy.
The aim of this analysis is to show that attitudes and assumptions about venturing beneath
the Earth’s surface exemplified in a nineteenth-century novel appear to be similar to the
attitudes, approaches and self-descriptions voiced by twenty-first-century engineers. In
this way, the article aims to develop an ideal-construct in the Weberian3 sense in order to
stress the discursive and attitudinal elements common to cases dealing with ventures into
the geological underground. Ideal-types in this sense highlight crucial elements of social
reality with the goal to shed light on so far not realized patterns or processes. Follow-
ing Weber, they are not hypotheses but signposts that offer guidance in the construction
of hypotheses. As Sven Eliaeson put it: ‘The ideal-type is helpful in order to make us
observant, aware of the peculiarities in the empirical reality we are about to explain.’4 By
so doing certain elements may be slightly exaggerated. The constituent elements of the
parallels drawn in this context here refer to questions of the practices of acquiring and
reflecting on knowledge, the extent to which these practices lead to certain attitudes and
perhaps even ‘styles’ of decision-making under situations of uncertainty and ignorance. In
the course of doing so, I will identify a number of assumptions about the below-ground
environment found in Verne’s work that can still be found in today’s engineering practices
of geothermal energy tapping. It is argued that reconstructing these parallels can be a help-
ful way of uncovering previously little discussed assumptions and perhaps even deeply
ingrained attitudes derived from specific perceptions of the geological underground. It can
be argued that such an excavation of notions of uncertainty is especially important at this
time, with many nations steering a new course toward renewable energy in order to replace
the nuclear-generated and fossil-fuel-based portion of their energy needs with so-called
clean or renewable energy sources.

In highlighting some of the challenges involved in geothermal energy drilling, this arti-
cle is guided by a number of comparisons that suggest how twenty-first-century approaches
to geothermal energy research and engineering tend to involve strategies analogous to those
used by the researchers in Verne’s novel as they venture downward into the subterranean
world. This mode of analysis appears promising because Verne was concerned to high-
light the boundaries between the known and the unknown, between the explored and the
soon-to-be-explored. Furthermore, Verne seemed to be disturbed by the modern world and
despite his fascination with engineering and modern technology, he was often critical of
it. In a similar way he may have been, as Rosalind Williams argued,5 afraid to lose the
unknown in a world that seemed to work on the assumption that the unknown can be ban-
ished from life by modern science and the rationalization of the world. In addition I would
argue that in reaction to this unease with the modern world, Verne invented more and more
examples of ever emerging ignorance that seemed to contradict the promise of modernity.

2Verne, Journey to the Center of the Earth, 1992 (1864).
3Weber, Gesammelte Aufsätze zur Wissenschaftslehre, 1985 (1922), pp. 146–214. Critical discus-
sions on Weber’s notion of ideal-types can be found in Eliaeson, Max Weber’s Methodologies, 2002;
Hekman, Weber, 1983; Aronovitch, “Interpreting Weber’s Ideal-Types,” 2012; and Kalberg, Max
Weber’s Comparative-Historical Sociology Today, 2012. On the influence of Weber’s ideal-types
on methodology development in social research more generally, see Blaikie, Approaches to Social
Enquiry, 1993, pp. 178–193.
4Eliaeson, Max Weber’s Methodologies, 2002, p. 49.
5Williams, Triumph of Human Empire, 2013, p. 122.
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In his writings, and perhaps especially so in Journey, he includes instances in which natural
events overpower the characters, often in a manner that for the reader evokes disorienta-
tion and helplessness. However, the characters themselves seem to be heroically content
with the uncertainties they have to face, although they seem to lack a clear course of action
to escape the subterranean jungle. Verne seems to be saying that there are more and more
unknowns to be found out there and that any sense of rationalizing the world will merely
turn to yet other unknowns and thus uncertainties.

Given the central role of acknowledged ignorance and uncertainty in both contemporary
efforts to harness geothermal energy and in Verne’s 1864 science fiction novel, I have
experimented with making Verne’s characters spokespersons for some of the issues faced
by today’s geothermal engineers.6 In this respect, the article is part of a tradition in which
works of literature are drawn upon to highlight associations between contemporary society
and the natural environment.7 The article thus provides further confirmation of the notion
that fiction can fruitfully support analysis of contemporary engineering and technology
application. In taking this approach, I am obviously not treating Verne’s novel as a factual
historical account of investigation into the subterranean world but rather as a source for
better understanding habitual attitudes toward this world in the second half of the nine-
teenth century that may still have continuing relevance. Given the enormous knowledge
gaps that exist in deep geothermal science and engineering one can sometimes detect simi-
lar ideas that are reminiscent of the conflicting scientific assumptions and knowledge gaps
that are reminiscent of the lack of understanding about the subsurface environment exhib-
ited by Verne’s characters. After all, as Williams has observed, at the time when Verne
wrote his novel, ‘the composition of the Earth’s interior was still mysterious and subject
to conflicting scientific interpretations’ so that ‘all sorts of beliefs could be projected into
subterranean regions, where science could neither confirm nor deny them’.8

A note on methodology: The acquisition and use of data drawn from Verne’s novel
obviously follow different logics or interpretive rules compared to the analysis of current-
day field-interviews, internal reports as well as contemporary literature in engineering
studies. The effort is to interpret a 150-year-old novel as a representative work for under-
standing current-day attitudes and cultural assumptions (at least in Western societies). I use
my interpretation of Verne as a workspace for picking through the nuts and bolts of cur-
rent geothermal engineering. The interview sequences and the quotes from internal reports
and twenty-first-century engineering literature are thus to be understood as the ‘the nuts
and bolts’ of geothermal engineering.9 Whereas the presentation of Jules Verne is based
on my interpretation of his understanding of engineering, science and progress shown

6To be sure, in other novels by Verne, the characters speak with many disparate voices and exhibit a
variety of world views, especially with regard to scientific progress (cf. Unwin, Jules Verne, 2005).
Furthermore, Verne’s notions of scientific knowledge and of the relationship between scientists and
knowledge are not fixed and one-dimensional but rather tend to shift and evolve over time (cf. Evans,
Jules Verne Rediscovered, 1988 and Lesser, Life below the Ground, 1987).
7From varied perspectives, see, for example, Bryson, Visions of the Land, 2002; Moore, “Evidences
of Decadent Humanity,” 2014; and Stableford, “Science Fiction and Ecology,” 2005.
8Williams, Notes on the Underground, 2008, p. 193.
9Interview data for this research have been collected through stakeholder and focus group meetings
in several research projects in the German Helmholtz Association’s program on renewable energies.
I am grateful to Alena Bleicher, who conducted some of the interviews. Other information I recorded
during discussions at engineering and drilling technology workshops as well as personal communi-
cations with engineers and modelers in Europe and abroad. All direct quotes in this article, for ethical
reasons, remain anonymous.
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in his characters’ behavior, the ideal-typical presentation of contemporary geothermal
engineering is based on my interpretation of the engineers’ interpretation of their own
activities and experience.

Verne’s Journey and assumptions about the interior of the Earth

The debate about the cultural foundations of subterranean energy appears timely given that
recent technological developments have expanded the potential of geothermal energy use.
These potential uses range from novel applications for heating homes to providing a sig-
nificant share of the energy mix, especially if heat is tapped from several kilometers below
the Earth’s surface. Given that many of the recently launched geothermal power plants and
associated drilling technologies exhibit many unknowns, questions relating to the unin-
tended side effects of the method (including earthquakes) are of crucial importance10 and
new interdisciplinary questions arise regarding the design of the technology and how it
relates to existing socio-technical systems.

To be sure, the engineering context of Verne’s novel and the scientific unknowns of
the nineteenth century have little to do with the technological and geological unknowns
(of which there are many) involved in harnessing geothermal energy in the early twenty-
first century. However, the unknowns that arise in contemporary deep geothermal engineer-
ing and the unknowns to which Verne’s characters are exposed display certain similarities
in attitude. As I will suggest in the final section below, they appear to be based on generally
held assumptions about the interior of the earth.

As Verne’s characters explore the Earth’s unknown interior they have to deal repeatedly
with unexpected changes and radical breaks from what they had anticipated and what
they had so far accepted as sound science. Insofar as a non-contemporary literary text
can be understood as conveying a set of codified cultural assumptions about its subject
matter, Verne’s novel may be able to throw into relief some of the ways in which scientific
strategies and engineering practices are analyzed and described in our own time. Science
fiction in general has long been identified as a source of inspiration for scientists’ and
engineers’ creativity.11 However, science fiction stories have rarely been used as an inter-
pretive resource for better comprehending contemporary issues in engineering: the issues
and ideas recounted in science fiction novels can often be used as provocative blueprints
or communication tools for framing the challenges posed today by novel technologies and
engineering tasks.12

In this sense, Verne’s novel contains parallels that are close enough and yet also suf-
ficiently distinct from the real world of present-day engineering on geothermal energy
to reveal the tropes associated with venturing into the subterranean world. In this way it
is hoped that some of the specificities of constructing and implementing contemporary
geothermal technology will become clearer.

Geothermal energy utilization in the twenty-first century

The extrusion of lava from volcanoes reminds us in a rather dramatic way that an enormous
amount of heat exists in the Earth’s interior. This heat generates pressures which, in some

10Cf. Feili et al., “Risk Analysis of Geothermal Power Plants,” 2013; Giardini, “Geothermal Quake
Risks Must Be Faced,” 2009; and Hoşgör, Apt, and Fischhoff, “Incorporating Seismic Concerns in
Site Selection,” 2013.
11See, for instance, Sydell, Sci-Fi Inspires Engineers to Build Our Future, 2010.
12Cf. Gross, “Old Science Fiction, New Inspiration,” 2013.
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cases, are manifested only a few kilometers below the Earth’s surface. It is these pressures
that contain huge amounts of energy. However, there is also a constant flow of heat that
in theory can be tapped from literally any part of the Earth’s surface. Thus, as a source
of energy, heat from the Earth appears to have great potential for satisfying the growing
energy needs of modern societies. In general, geothermal heat (from the Greek: geo, earth,
and therme, heat) is energy derived from the natural heat below the Earth’s crust. Only 20%
of geothermal heat originates from the time of the original formation of the planet; 80%
stems from the ongoing radioactive decay of minerals, which is why geothermal energy can
be considered a renewable energy: unlike processes of coal or gas extraction, the energy
removed from the source is continuously replaced by natural processes. Geothermal energy
has come to occupy a special position among sources of renewable energy, as it is available
all year round and at every hour of the night and day. In areas near tectonic plate bound-
aries (such as Hawaii, Iceland and northern Italy), geothermal energy has been in use for
about a century. Currently the largest producers of geothermal energy are the USA, the
Philippines, Indonesia, Mexico and Italy. Some experts even claim that deep geothermal
heat is the most promising option for replacing baseload energy produced up to now by
nuclear power.13 However, although geothermal energy appears to offer great potential for
future energy supplies, like all new technologies it also harbors major technical uncertain-
ties and risks. Major problems include the risks associated with exploration to find heat
sources, unknowns connected with the stability of heat sources and the lack of experience
regarding long-term operations. The geotechnical risks, including earthquakes, are due in
part to the lack of data available for developing useful models and monitoring systems.14

Thus, coping with knowledge gaps is the norm. To this end, the following should also be
understood as an early foray into engineering in geothermal energy generation to highlight
some of the sociocultural issues involved in developing strategies for facing the unknowns
and uncertainties associated with them. To illustrate these knowledge gaps and uncertain-
ties, let me now briefly discuss the plot of Jules Verne’s book, focusing in particular on
the way the novel’s characters are forced to cope repeatedly with scientific ignorance and
surprises.

The unexpected in Verne’s Journey

On 24 May 1863 Hamburg-based geologist and mineralogist Otto Lidenbrock acquires a
manuscript dating from the twelfth century that contains an encrypted message written by
an Icelandic alchemist. Lidenbrock is convinced that this document contains a scientific
message. His nephew and assistant Axel (the first-person narrator of the story) deciphers
the document, which states that it is possible to reach the center of the Earth from the
Icelandic volcano Snæfellsjökull.15 On the basis of this coded note written in runic script,
Lidenbrock now believes there are volcanic tubes leading downward toward the center
of the Earth. He is impatient to go there and wants Axel to accompany him, and so off

13Bloomquist, Lund, and Gehringer, “Geothermal Energy,” 2013; Huenges et al., “Geothermal
Energy Systems,” 2013; Kolditz et al., “Geothermal Energy,” 2013; and Kagel and Gawell,
“Promoting Geothermal Energy,” 2005.
14Schilliger, Geothermie – Die Alternative, 2011, p. 113.
15It is a nice coincidence that in the early twenty-first century over 80% of Iceland’s primary
energy comes from geothermal sources. At the time of Verne’s novel, geothermal heat was used
only occasionally for outdoor gardening and, a little later in the early twentieth century, for heating
greenhouses. It was not until the 1970s, after the first oil crisis, that district heating systems were
developed. See also Loftsdottir and Thorarinsdottir, Energy in Iceland, 2006.
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they go. Having arrived in Reykjavik they employ Hans as a guide. All three men then
climb into the crater and find an entrance to a cave. From here on, the journey is littered
with chance events and scientific surprises as well as outright failures. At one point the
three lose each other and, after days of wandering in total darkness, meet up again exactly
where they started.16 They also encounter prehistoric animals, dangerous gases, subter-
ranean rivers, strange acoustic phenomena and heavy storms. The scientific assumptions
voiced by Lidenbrock are frequently proven wrong, though this is often recognized not by
himself but by Axel, the narrator of the story.17 In the end, the travelers accidentally trig-
ger an earthquake that propels their raft along on rushing water and flowing lava into the
crater of an erupting volcano, through which they eventually emerge again above ground
in southern Italy. The biggest failure of the journey, however, may be that they never reach
anything close to the center of the Earth. So at least the depth corresponds with today’s
drilling operations that are still at the surface layer of the earth, far away from the core.
Furthermore, today even those drilling operations that aim at extracting deeper thermal
heat for power plants may have site-specific unknowns similar to the ones described in the
1864 novel and therefore may be properly called ‘adventures’.

From a scientific point of view, Verne’s Journey can hardly be considered visionary,
since the knowledge it describes about the interior of the Earth was already out of date
in his own time18 and has, for the most part, been fundamentally disproven today. For
instance, Lidenbrock refers to eighteenth-century beliefs about a lack of central heat when
he says to Axel:

The further I go, the more confident I become. . . . . We are in the middle of Primordial ground,
the ground where the chemical reaction occurred of the metals burning on contact with the air
and water. I absolutely refuse to accept the theory of a heat in the centre. In any case we will
see for ourselves.19

Lidenbrock’s pronouncement on the theory of central heat is countered by Axel in one of
the important moments when he openly answers back to Lidenbrock, saying:

This water, therefore, comes from a burning source of heat. This is singularly in contradiction
with Professor Lidenbrock’s theories. I cannot resist pointing it out. ‘Well’, says he, ‘what
does that prove against my theory?’ ‘Nothing’, I reply shortly, seeing that I am up against an
implacable stubbornness.20

Furthermore, as Evans points out, Lidenbrock, who is ‘continually admonishing Axel to
be more methodical, logical, precise, and less emotional in his thinking’, actually becomes
his own victim since Axel demonstrates the ‘total impracticability’21 of such quests.
Furthermore, although the overall narrative repeatedly seems to suggest to the reader that

16Circularity appears to be a common pattern in Verne’s stories. Williams, citing Serres (in Jouvences
sur Jules Verne, 1974), states that ‘the journey is always a circular one. To be repeated. Points and
circles, nothing more than going and returning’ (Williams, Triumph of Human Empire, 2013, p. 112).
17Butcher (in “Long-Lost Manuscript,” 1998, pp. 968–971) has noted that an as-yet unpublished
manuscript of Journey predating the first edition of 1864 presents a very different Lidenbrock, a pro-
fessor who is at once less sympathetic to his nephew but also occasionally doubts his own knowledge
and the feasibility of his plans to reach the center of the earth.
18Cf. Breyer and Butcher, “Nothing New under the Earth,” 2003 and Debus, “Re-framing the Science
in Jules Verne’s Journey to the Center of the Earth,” 2006.
19Verne, Journey to the Center of the Earth, 1992, p. 88.
20Verne, Journey to the Center of the Earth, 1992, p. 164.
21Evans, Jules Verne Rediscovered, 1988, p. 136.
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clear answers are about to be forthcoming, most of the questions are not satisfactorily
resolved. However, this is not necessarily communicated as problematic: the characters
appear to feel quite comfortable in spite of all the uncertainties they have to face, their
viewpoints shifting and adapting readily on the whole – despite the fact that their own
beliefs about the Earth’s interior are continuously being shaken.

It is interesting to note that the main characters’ odyssey into the underworld is propelled
forward by a tension between an unconditional belief in science and its (sometimes) radical
refutation. Danièle Chatelain and George Slusser22 even talk about a narrative and rhetoric
of wonder in Journey that merges experiment and exploration, thus constantly generating
a desire to continue the journey. Not only is much of the knowledge the characters have
about the Earth’s interior disputed knowledge, but almost everything that is anticipated
turns out differently. Furthermore, as Butcher has noted, as a literary endeavor Verne’s
novel generates ‘more problems than solutions’.23 As a result, toward the end of the novel
the attitude of the actors is highly telling when, on their way out of the volcano, Lidenbrock
says to Axel: ‘If we may die at any moment, we may also at any moment be saved. Let us
accordingly be ready to seize the slightest opportunity.’24 Thus the strategy of venturing
downward, forward and ultimately upward again involves relying on chance, unexpected
windows of opportunity, sheer luck and (sometimes) gut feeling. In the next section, I
will use Verne’s characters’ observations and interpretations to illustrate some issues in
contemporary geothermal energy engineering.

Approaching geothermal heat: engineering between art and science?

Some of the above-mentioned uncertainties in geothermal energy tapping are especially
prevalent when it comes to probing downward into geothermal reservoirs up to 5 km below
the Earth’s crust using new drilling technologies. A geothermal drilling engineer explains
that ‘currently only very few deep wells with sufficient data on which to base any useful
modeling exist’.25 Even more bluntly a popular science book states that ‘locating suitable
sites [for geothermal energy sources] is more of an art than a science’.26 This relationship,
of course, is nothing new to the field of engineering studies. Eugene Ferguson has promi-
nently made the point that no matter how precise the science is, ‘the successful design of
real things in a contingent world will always be based more on art than science’.27 Philoso-
phers, historians and sociologists of science have long argued that the distinction between
systematic natural science experiments and incomplete artistic experiments can hardly be
held up. The same holds true for strategies in geothermal engineering.28

In other words, moving forward and downward in geothermal engineering can only
be done under conditions of great uncertainty where intuition and ‘artistic’ skills may be
as important as so-called scientific rigor. Furthermore, unlike any other energy source,
geothermal energy is different because at the beginning of a geothermal power project

22Chatelain and Slusser, “Creation of Scientific Wonder,” 2009.
23Butcher, “Introduction,” 1992, p. xxiii.
24Verne, Journey to the Center of the Earth, 1992, p. 143.
25This was at a drilling workshop on new methods for subsurface modeling in November 2013.
26DeGunther, Alternative Energy for Dummies, 2009, p. 214.
27Ferguson, Engineering and the Mind’s Eye, 1992, p. 193. For further debate on relations between
uncertainty, art and science in geothermal engineering, see also Gross and Mautz, Renewable
Energies, 2015, pp. 66–81.
28Cf. Crease, Play of Nature, 1993; Latour, “From Multiculturalism to Multinaturalism,” 2011; and
Schwab, Experimental Systems, 2013.
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the investment costs are the main source of unknowns. The exploration phase and the test
drillings are based on processes of probing gingerly toward success – or indeed failure.
After the first stage of exploration (often geological studies conducted by the company
involved but most often data available from the literature) the ‘relevant developer [ . . . ]
will have to decide whether to continue developing the project or not and whether to
assume the risks of the next phase’.29 Not only does the project developer have to take
the risks, but it also becomes clear that at this point everything can happen (or nothing at
all). A ‘white paper’ published by a Collaborative Research Centre within a major Ger-
man research institution looking at geothermal energy contains the following: ‘As novel
options for resource use in the underground come up, novel risks have to be expected that
are either not fully understood or are as yet unknown’ (emphasis in original).30 It is gen-
erally accepted that decisions need to be taken nevertheless, even in the face of ignorance,
because, as Bloomquist, Lund, and Magnus Gehringer note: ‘Computer models that accu-
rately take into account this source of uncertainty to quantify the tradeoffs with competing
resources have yet to be developed.’31 These remarks, however, are merely intended to
indicate that – much like Jules Verne’s characters – even engineers in favor of geothermal
energy production point explicitly to the limits of knowing when dealing with geothermal
energy. This tension among experts who, on the one hand, believe in progress through
geothermal engineering and, on the other, speak openly about the limits of knowing can be
further thrown into relief by looking at Verne’s three main characters’ strategies and their
musings when dealing with uncertainties.

During the first quarter of Verne’s novel, Professor Lidenbrock is portrayed as a
researcher who implicitly takes his own voice to be the unmediated voice of science:
his nephew Axel is most definitely not supposed to answer back. More explicitly, the
relation between the two is characterized as Lidenbrock representing the voice of opti-
mism and progress whereas Axel is the more realist voice of understanding unavoidable
risk and nonknowledge. Taking at face value today’s self-descriptions of many geother-
mal drilling operators and engineers, one gets a similar impression: their stated goal of
advancing research on alternative energy sources such as geothermal heat so that these
can become a major part of the current energy mix indicates that unconditional belief in
progress is still very much alive.32 Illustrative examples of this can also be found in many
countries’ official statements on geothermal energy. On the one hand official press releases
telling citizens why they should support geothermal energy praise it as being highly reli-
able, economically feasible, supporting national security, and as a widely available and safe
energy source. At the same time (sometimes in the same paragraph) they point to enormous
research gaps and uncertainties that need to be dealt with in the future (analogous to Liden-
brock’s and Axel’s voices, respectively).33 Thus it appears that knowledge gaps and risks

29Bloomquist, Lund, and Gehringer, “Geothermal Energy,” 2013, p. 253, emphasis added.
30This quote is from an internal report that was handed to me confidentially and must therefore, like
the interviews quoted from in this article, remain anonymous.
31Bloomquist, Lund, and Gehringer, “Geothermal Energy,” 2013, p. 266.
32See, for instance, Huenges et al., “Geothermal Energy Systems,” 2013 and Kolditz et al.,
“Geothermal Energy,” 2013.
33For the US Geothermal Energy Association, see, for example, http://geo-energy.org, for the
Swiss Association of Geothermal Energy (Schweizerische Vereinigung für Geothermie, SVG),
see http://www.geothermie.ch, the Federation of German Geothermal Energy (Bundesverband
Geothermie, GtV-BV), see http://www.geothermie.de, and the British Geological Survey, see
http://www.bgs.ac.uk/research/energy/geothermal. When it comes to overall issues of coping with
risks and insurance issues, Miethling (“Different but Similar,” 2011) has detected even more

http://geo-energy.org
http://www.geothermie.ch
http://www.geothermie.de
http://www.bgs.ac.uk/research/energy/geothermal
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do not undermine optimism – quite the contrary. Indeed, as engineers and hydrologists
in favor of geothermal energy repeatedly state, ‘there are not enough pre-explorations of
local specificities available, but we need to move forward nevertheless’.34 Furthermore,
the estimation of local geothermal potential (both for deep and shallow sources) is for
the most part based on values taken from the literature and not in situ from the sites.35

Despite many uncertainties and unknowns, which include the contamination of ground-
water through drilling, managing risks and long-term liabilities, and technical hurdles
posed by the deployment of carbon capture and storage, the prospect of achieving cer-
tainty through research on new remote control technologies and simulation tools for use
in the geological substrata is still on the rise.36 Critical voices, however, point to the fact
that a major part of the problem with trying to tap the Earth’s internal heat is the poorly
understood geology. This appears to be the biggest obstacle for many geothermal engi-
neers.37 These critical voices can be seen as reflecting Axel’s role in Verne’s story when, in
reaction to Lidenbrock’s unstoppable desire to go further downwards, he states: ‘“To climb
down into a blunderbuss,” I thought, “when it may be loaded and could go off at the least
shock, you’ve got to be crazy.” But there was no going back.’38 A well-known twenty-
first-century example of problems faced by going down into such a ‘blunderbuss’ was a
case in Basel, Switzerland, in late 2006. In general, earthquakes can occur when steam
is removed and water returned, leading to instability along fault or fracture lines. Several
tremors were recorded subsequent to the injection of water into rocks at 4–5 km below the
earth near Basel, which prompted concern from local residents. This happened in spite of
an allegedly well-established operational method for addressing induced earthquakes and
a seismic risk assessment. This experience together with the statements mentioned above
regarding the ‘art’ of locating suitable sites for the use of geothermal energy sources also
resonates well with Axel’s musings. Says Axel: ‘In any case, any deliberation about the
choice of path could have gone on indefinitely, for no clue could possibly determine the
choice of one or the other – we had to trust entirely to chance.’39 Put in more general terms,
sometimes engineers have to search and trust chance when they do not know exactly what
they are looking for. Thus, in a way, intuitive and artistically driven explorations seem to
be more of a normal part of geothermal drilling activities.

Old-fashioned technology and high-tech electronics

Rather like the technical devices used in Verne’s novel, the technologies and approaches
used for tapping into geothermal energy sources today often appear at once quite old-
fashioned (e.g. rugged gear that looks a bit like a device for drilling huge fence post holes)
and yet very hi-tech and capable of doing amazing things (e.g. drilling 10 km deep). As one
representative of a drilling company put it,

similarities between German, Icelandic and US geothermal policies despite their different geolog-
ical prerequisites for geothermal electricity production – and despite the political, geological and
economic differences in all three countries.
34These and the following quotes are based on field notes and interviews conducted during excur-
sions to drilling sites, geothermal energy workshops and meetings with decision-makers as part of
social science research in Germany’s Helmholtz Association.
35Vienken et al., “Development of Exploration and Monitoring Strategies,” 2013.
36Mukuhira et al., “Characteristics of Large-Magnitude Microseismic Events,” 2013.
37Cf. Huang and Liu, “Geothermal Energy,” 2010.
38Verne, Journey to the Center of the Earth, 1992, p. 82.
39Verne, Journey to the Center of the Earth, 1992, p. 96.
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The technologies we are using are basically 60, even 80 years old. For shallow geothermal
sources it is basically transferred from traditional well drilling, for deeper drilling the technol-
ogy is taken from natural gas drilling. The only rather new thing is some increase in efficiency
via the coaxial probes.

Thus the technology used for tapping this type of renewable energy source is surpris-
ingly old. This confirms David Edgerton’s thesis that not only do most inventions take
place in the domain of everyday engineering and practical use, but the importance of the
old for contemporary social change is much greater than is often expected; in particular,
major change ‘is taking place by the transfer of techniques from place to place’.40 While
still remaining identifiable as a drilling rig, geothermal drilling engineers often adapt and
change the drilling direction in the course of their use and also have to adapt the drilling
assembly to new sediment conditions.41 In a similar way, Verne’s technological ideas had
been drawn from other sources, so he simply worked available material into his fiction.42

This also seems to hold true for the fictional characters and their seemingly old-fashioned
and ‘un-scientific’ assumptions about delving down into the Earth. Today’s ideas about the
geothermal environment below the ground appear to be remarkably similar to the ingrained
ways in which Verne’s characters see and think about the subterranean world.

Let us consider an example. In many drilling operations for geothermal wells the drilling
assembly (as in gas and oil drilling) is crammed full with electronic devices for controlling
the direction of the drilling. The high-tech electronics and operational tools, however, only
work well up to about 150 degrees Celsius. Furthermore, the drilling technologies that
have been adapted from gas and oil drilling need to convey much greater volumes of liquid
than in conventional oil drilling so that the diameter of the boreholes is much larger. Thus
the drilling equipment is subject to a high rate of failure at high temperatures.43 However,
economically efficient geothermal power plants in countries such as Germany, Switzerland
and Spain (which are not as favorable as Hawaii or Iceland in terms of geothermal sources)
only become a sensible option at temperatures above 150 degrees.44 In a handbook for
geothermal drilling, the problem reads like this:

The difficulties inherent in directional drilling are aggravated in geothermal wells because
both the electronic tools used to control and survey the well trajectory and elastomer elements
in the motors are susceptible to malfunction at high temperatures.45

What is done in cases such as this? Drilling is normally continued nonetheless, albeit with
corrections made ad hoc while in use. These include decisions with regard to determining
the exact position of the measuring instrument in the drilling assembly (close to the bit at
the bottom of the string or further away), when the measurements should be done exactly

40Edgerton, Shock of the Old, 2007, p. 209.
41Research on so-called immutable mobiles, a term originally introduced by Bruno Latour (Science
in Action, 1987) to refer to technologies that retain their overall shape but are moved and experimen-
tally shaped to fit other contexts, has a long tradition in science and technology studies and related
fields. Cf. Akrich, “Gazogene in Costa Rica,” 1993; Beisel and Schneider, “Provincialising Waste,”
2012; de Laet and Mol, “Zimbabwe Bush Pump,” 2000; and the examples collected in Edgerton,
Shock of the Old, 2007.
42Cf. Unwin, Jules Verne, 2005.
43Cf. Finger and Blankenship, Handbook of Best Practices for Geothermal Drilling, 2010; Glass-
ley, Geothermal Energy, 2010, pp. 135–152; and Sohmer, “Untersuchungen zur Anwendbarkeit des
Phased Array Prinzips,” 2012.
44Reich, Auf Jagd im Untergrund, 2009, pp. 134–135.
45Finger and Blankenship, Handbook of Best Practices for Geothermal Drilling, 2010, p. 46.
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given that each measurement is not only a cost factor but also an important issue affecting
the general usability of the data, and finally securing the electricity supply to the measuring
devices.46 Engineers here often point to the experience-based processes involved where
adjustments in one area of the drilling operation prompt changes in another.

This again links nicely to Verne’s characters’ strategies that are often based on ad hoc or
even intuitive and ‘instinctive’ decisions about the direction they have to take47 and then
are corrected as needed when the circumstances change. For instance, on their way to the
underground ocean that they had previously named Lidenbrock Sea, Axel remarks:

It was a real flight, like those terrifying automatisms that one sometimes gets caught up in in
nightmares. Instinctively we made our way towards the Lidenbrock Sea. I do not know what
wild paths my mind would have taken me along, if a particular worry hadn’t brought me back
to more practical considerations.48

This is not to say, of course, that geothermal engineers act without thinking; rather it
is merely to note that the way today’s engineers view their drilling activities appears to
resemble some of Verne’s characters’ self-descriptions. In both cases this is not rendered
problematic per se but as perhaps the only feasible way to move forward.

Probing into unfathomed depth

Let us consider Verne’s three men in a situation where technology refused to work as
expected. During their trip the three explorers are misled by their compass, which behaves
strangely during their journey on the raft so that they return to the same place from where
they departed. Not knowing where they are, they turn to the compass since it is the only
tool they have at this point. But it does not work. The same can happen with hi-tech devices
during a twenty-first-century drilling operation: the orientation of the wellbores cannot be
optimized constantly, and resorting to the operational tools does not always help because
the heat or other geological factors may have influenced or even damaged the electronic
signals. As mentioned above, delicate electronic steering tools can easily be damaged by
heat or corrosion, so many drilling operations need to be started again from scratch after
the electronics have failed.

In Verne’s novel Axel is frustrated about the unreliable compass they are using and
says: ‘The fatigues of our crossing, the dangers we had passed through, everything had to
be started all over again. Instead of making progress, we had gone backwards.’49 Later on,
the three explorers still cannot make out why the compass has deceived them. Then, after
realizing that not only nature but also a tool made with human skill has been so unreliable,
Lidenbrock quickly recovers from the shock and says:

Fate plays me such tricks! The elements are conspiring against me. Air, fire, and water are
combining to stop me getting through. Well, they are going to see what my will-power can do.
I shall not yield, I shall not retreat a tenth of an inch. We shall see who wins: man or Nature!50

46Some of these issues are tackled with a new method called ‘Seismic Prediction While Drilling’, that
is, attempts to look ahead of the drill bit via the application of a phased array technology. Cf. Jaksch
et al., “Seismic Prediction While Drilling,” 2010 and Sohmer, Untersuchungen zur Anwendbarkeit
des Phased Array Prinzips, 2012.
47Verne, Journey to the Center of the Earth, 1992, pp. 106, 110, 111, 147.
48Verne, Journey to the Center of the Earth, 1992, p. 187.
49Verne, Journey to the Center of the Earth, 1992, p. 70.
50Verne, Journey to the Center of the Earth, 1992, p. 175.
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However, after returning to the surface the three men realize that they have been deceived
by a technical device. After leaving the volcano, Lidenbrock is still thinking out loud about
an explanation for the compass’s behavior: ‘“But what about the compass: it did point
north! What can the reason be?” “Really”, I said, with an air of great disdain. “It’s much
simpler not to have to explain it!”’51 For geothermal drilling experts it is often similar.
They say, for example: ‘You often can’t explain why and where you’ll find heat. You have
a rough idea, but when you actually find it you’re surprised nonetheless.’ As another engi-
neer put it: ‘Expecting the unexpected, that’s everyday normality for us.’ In a similar vein
Axel has come to accept the unexpected behavior of technical devices. For Lidenbrock,
however, the broken compass is simply a means of learning from failure; so too, today, are
the electronic devices used in directional geothermal drilling.

Given Lidenbrock’s occasional strategy of positioning himself against nature and the
material world all at once, the question may be asked how engineers in a deep geothermal
drilling operation move downward in face of lack of data for modeling and appropriate
technologies for coping with such high temperatures. The strategy of moving downward
appears to be characterized, on the one hand, by a use of knowledge based on the most gen-
eralized principles (laboratory models, simulations, etc.), which are needed for planning
any type of drilling in advance. On the other hand, knowledge that is highly site specific is
needed, as unexpected problems may occur during an operation (as indeed they do almost
constantly). Such knowledge often does not exist, however, while generalized knowledge
does not yield the specific information required. This holds especially true for processes
that have left the unburdened locales of the laboratory and have moved into the real world,
that is, the real world of the engineer. They involve complex combinations of social and
natural factors where the context of discovery and the context of justification often coin-
cide, so that new knowledge is implemented immediately – as is the case with corrections
made to drilling techniques during use. The most important issue here for our discussion
is this: when this kind of real world experiment fails, the engineers at least know they did
something wrong. In this sense, then, they were also successful: such failures can make the
experimenters aware of their own ignorance, and this can become a strong motivation for
generating new knowledge about geothermal drilling. In this vein Lidenbrock tells Axel:
‘Science, my boy, is composed of errors, but errors that it is right to make, for they lead
step by step towards the truth.’52 Twenty-first-century engineering studies scholar Henry
Petroski put it this way: ‘Every failure is a revelation of ignorance, an accidental experi-
ment, a found set of data that contains clues that point back to causes and further back to
mistakes that might have been made in design, manufacture, and use.’53

Thinking about the unexpected natural eruptions they have caused to occur underground
and the creatures they have met, Axel concludes: ‘To flee is therefore the course suggested
by basic common sense. To run away would be to obey the most vulgar caution. But we
are not here to be prudent.’54 Today’s imperatives to move forward with the production of
renewable energy in the face of political pressure – especially after the Fukushima incident
in March 2011 – seem to resonate with Axel’s strategy in Verne’s novel. Major energy
shifts, of course, may go wrong all the same. However, if we look at the typical ways of
sense-making and reasoning attributed to the characters in Verne’s novel, we may conclude
that exploring the underground is an activity that in terms of attitude has not changed much

51Verne, Journey to the Center of the Earth, 1992, p. 213.
52Verne, Journey to the Center of the Earth, 1992, p. 146.
53Petroski, To Forgive Design, 2012, p. 45.
54Verne, Journey to the Center of the Earth, 1992, p. 162.
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since the nineteenth century: even today, the unknown is being creatively incorporated into
decision-making and practical strategies for probing into unfathomed depths.

Whither are we going? Ignorance, earthquakes and successful failures

Today deliberately venturing into the unknown has become a larger field of research,
and reflecting on human explorations of the subterranean world beneath our feet is a
unique empirical area still to be explored. Indeed, over the past 20 years many authors
have begun to focus on various shadings of knowledge and ignorance, sometimes called
‘nonknowledge’.55 In order to do something successfully, a person needs a known residue
of ignorance. This suggests a dynamic relationship between knowledge and its flip side,
nonknowledge. Nonknowledge is present when there is not sufficient knowledge about a
certain issue or problem to be solved and when the actors involved are aware of what it
is they do not know. Addressing the importance of dealing with unknowns has meant that
the challenge posed by nonknowledge in modern societies has moved closer toward center
stage in many areas of research. I contend that in many areas of geothermal energy pro-
duction the unknown is more prevalent than accepted knowledge, much as the actors in
Verne’s novel become aware of their own ignorance as a result of surprising events. For
Verne’s characters the acknowledgment of ignorance is simply a call to further exploration
and careful analysis. As Arthur Evans put it, Verne’s characters are unique in the sense
that in moments of ‘unusual candour’, they are able to ‘freely admit that it is impossible
to adequately describe what s/he is seeing or feeling’.56 This is reminiscent of geothermal
engineers’ willingness to openly admit what they know and what they do not know.

Let us consider Verne’s characters again as cultural ideal-types in this context. Toward
the end of the story, the three men set off an explosion to remove a block of rock that stands
in their way as they proceed downward. Yet instead of taking them downward, the waters
of an underground sea suck the raft on which the three are sitting into a tube on which
the travelers are returned to the surface thanks to the force of an accommodating volcanic
eruption. Axel describes this in the following way:

Despite the darkness, the noise, the surprise, and the excitement, I soon understood what had
happened. On the other side of the blown-up outcrop was an abyss. The explosion had set
off a sort of earthquake in the already shattered ground, a chasm had opened up, and the sea,
transformed into a great river, had carried us down into it.57

Using the overwhelming force of the eruption, they finish their journey by climbing out
through a volcano on the island of Stromboli in Italy. A little earlier in the story, Axel’s
confusion becomes apparent when he says: ‘Where are we? Being carried away with
immeasurable speed.’ However, in general Axel makes clear that ‘we were carried for-
ward by an impetuous curiosity’.58 Verne’s notion of researchers in Journey is thus that

55For recent examples on studies on the strategic use of ignorance from various disciplinary per-
spectives, see Aradau and van Munster, Politics of Catastrophe, 2011; Bennett, Ignorance, 2009;
Gaudet, “It Takes Two to Tango,” 2013; Gross, “Objective Culture,” 2012; Gross, “Self-knowledge,
Gender Roles, and the Making of the Secret Gospels,” 2015; McGoey, Introduction to the Sociology
of Ignorance, 2014; Rappert, How to Look Good in a War, 2012; Rescher, Ignorance, 2009; Townley,
Defense of Ignorance, 2011; and Uekötter and Lübken, Managing the Unknown, 2014.
56Evans, “Exploring the Limits,” 2005, p. 273.
57Verne, Journey to the Center of the Earth, 1992, p. 196.
58Verne, Journey to the Center of the Earth, 1992, pp. 167, 178.
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they generally do not know what they will find or even in what direction their explo-
rations will lead. The curiosity inherited therein – exemplified by the complex relationship
between Axel and Lidenbrock – needs the space to unfold experimentally since the search
for novel solutions always brings novel uncertainties.

Compared to Verne’s time, however, the types of uncertainties and unknowns about
the earth have fundamentally changed, but the ways today’s engineers and stakeholders
deal with knowledge gaps about the subterranean world seem to have some similarities in
attitude with the fictional characters in Verne’s novel. Rather than becoming less, today’s
nonknowledge has grown. It seems that the more knowledge about the earth’s heat is being
generated, the more nonknowledge about the Earth’s geology comes to the fore.59 In this
sense, new knowledge is throwing up new practical possibilities yet without providing
any criteria or expertise for how they should be handled. Indeed it is surprising, given
existing knowledge gaps and the inherited notions of certainty entailed by them how many
supposedly outdated ways of moving forward (including those portrayed by Verne such as
undirected curiosity, trust in chance, old unreliable technology, failure as a normal stepping
stone) have survived in an allegedly hi-tech and rational world. These ingrained notions of
how to cope with nonknowledge about the underground seem to have remained similar if
not the same.

However, fundamental differences between the novel and today’s engineering activities
need to be noted as well. In order to accept the validity of the arguments, differences need to
be clearly spelled out. In the novel only the three heroes risk their lives whereas in failures
of geothermal engineering quite a number of persons can be affected; indeed, today a lot
of the risks of research processes are directly extended into human society.60 In order to
legitimately be able to make decisions under situations of not knowing a few more issues
should be addressed. Ludger Heidbrink has argued that for such cases, the responsibility for
possible negative side effects should be attributed to decision-makers even if mishaps are
based on unavoidable nonknowledge.61 In the case of geothermal drilling the question then
would be shifted from evidence-based decision-making to the situational contexts where
knowledge gaps have become known. Furthermore, the specific circumstances where the
involved actors have been given an exertion of influence to cope with nonknowledge need
to be taken into account. This may refer to phases in the drilling process that are the basis
for deciding on whether any of the perceived knowledge gaps could ever be reduced with
more geological investigations, new data for modeling or if only a ‘learning while doing’
strategy is thinkable. The latter would be reasonable in the case of complete indeterminacy,
where decision-makers and engineers realize that the only rational decision is based on
chance – the opposite of what Jon Elster has called hyperrationality. Hyperrationality is
defined as ‘the failure to recognize the failure of rational choice theory to yield unique
prescriptions and predictions’.62 Thus understood, drilling engineers need to realize that

59Already Blaise Pascal (1623–1662) described knowledge as a growing ball, which moves in a
sea of ignorance. Thus, the observations in this article certainly also hold true for other areas of
socio-technical exploration and engineering, but here I can only focus on geothermal engineering.
60For studies on an increasing tendency to test research outside the sphere of science from a variety
of perspectives, see, for example, Balmer, Secrecy and Science, 2012; Gross, Hoffmann-Riem, and
Krohn, “Realexperimente,” 2003; Lemov, World as Laboratory, 2005; Levidow and Carr, GM Food
on Trial, 2010; Oudshoorn and Pinch, How Users Matter, 2003; and Weyer, “Actor Networks and
High Risk Technologies,” 1994.
61Heidbrink, “Nichtwissen und Verantwortung,” 2013.
62Elster, Solomonic Judgements, 1989, p. 17; emphasis in original. See also Caplan, “Rational
Ignorance Versus Rational Irrationality,” 2001.
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the limits of rationality need to be acknowledged rationally, although the resulting decision
would be irrational and thus irresponsible from a classical rational actor perspective. In this
way, making decisions based on nonknowledge would not be mere irresponsible tinkering
but rather based on a sense of justifiable and defensible irresponsibility.

Unavoidable uncertainties in adventures to the heat of the Earth

Taking Verne’s explorers as conceptual ideal-types in relation to engineers’ interaction with
unknowns in the natural world, there is a clear sense in which dealing with these unknowns
can be seen as a regular, everyday activity. This point of view offers the chance to devise
pragmatic strategies for dealing successfully with inevitable and sometimes even very use-
ful surprises. Or as Jules Verne described it via his first-person narrator Axel: ‘My eyes
expected every surprise, my mind every astonishment.’63 To this end, rereading Verne’s
novel can remind us that any attempt to make definitive pronouncements about the Earth’s
interior is likely to be wrong. This, however, should not be a cause for despair, for although
Verne’s characters have no technical control over the world beneath the Earth’s surface
they clearly demonstrate that they nevertheless feel reasonably at home there. This does
not imply, of course, that, since Verne’s characters are at ease with surprises and persevere
even in a context of uncertainty, we should simply be willing to do the same in contem-
porary situations of geothermal drilling. Rather, it can be seen as offering encouragement
to accept with equanimity the unavoidable uncertainties of research and technology in the
subterranean. At the same time, of course, this gives rise to some concern and unease,
for although Verne’s nineteenth-century characters express sentiments about the geologi-
cal environment below ground that seem similar to those expressed by twenty-first-century
geothermal energy engineers, such similarity inevitably leads to disquiet: today just as in
the 1860s there can be no expectation of acquiring final knowledge about the underground.
In the same way as Verne tried to explore the edges of the unknown only to see that once
these are known there are ever more unknowns to be discovered, perhaps this perspective
is at least a realistic outlook on the future of geothermal energy utilization (and probably
most other areas of research in the twenty-first century).

Given this context, I have suggested that Verne’s (implicit) depiction of the tensions
between different sets of knowledge, exemplified by the main characters of his novel,
can serve very well to throw into relief the strategies and methods used by engineers
and scientists in current explorations of geothermal energy tapping and use. Building on
these findings I have suggested how we might frame the practices associated with tap-
ping these energy reservoirs, namely, by linking Verne’s literary descriptions with studies
on surprise and decision-making in the face of nonknowledge. Given the unavoidable
uncertainties in establishing alternative energy systems, decision-making in processes of
tapping geothermal energy sources and related areas necessitate an open acknowledgment
that nonknowledge is an inevitable given. One consequence of this insight would be to
undermine the notion that mistakes and failures are necessarily always based on faulty
decision-making or other human errors. Mistakes would take on a different meaning. This,
of course, raises many unresolved questions. When does nonknowledge as an explanation
serve as subterfuge and when is it a legitimate way of dealing with the unknown? Problems
such as these obviously go beyond Verne’s novel. However, to start from this point – to
acknowledge the experimental nature of tapping geothermal energy and, in doing so, to

63Verne, Journey to the Center of the Earth, 1992, p. 184.
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conceptualize the practices of actors in new ways – appears to offer exciting options in our
quest to understand the widely proclaimed energy transition in many countries.

Outlook: backward and downward into the underground

Even today the heat from below the Earth’s crust can readily arouse primordial fears as
well as fascination and curiosity about the unknown. Such imaginings have been fostered
by medieval illustrations of Hell, reports about the unpredictability of earthquakes, but
also by popular fiction stories such as Verne’s classic novel on the failed journey to the
center of the Earth. In this tradition it appears wise not to wake any sleeping monsters
that may be lurking in the depths. By contrast, the fears expressed in most twentieth-
century science fiction about thought control, robots and androids from cities in other solar
systems or the extinction of the world by evil powers from outer space today appear to
have been superseded by fantasy stories about elves, mountain trolls or whimsical vam-
pires.64 Interestingly, the repugnance attached to things lurking below the ground seems
to be accompanied equally by a fascination for them, as in the nineteenth century. Drilling
several kilometers into the interior of the earth can still today be seen to hold an innate
fascination, not least because it is regarded as a means to explore the ‘limits’ of planet
earth and of knowledge per se.65 Furthermore, in Verne’s Journey the researchers move
not only downwards into the earth but also backwards in time as they discover evidence of
prehistoric animals and past geological eras. This, to be sure, also links well to the recent
fascination with the backward-oriented mythology of trolls and elves. After all, trolls and
elves for the most part also live invisibly somewhere ‘underground’. This attitude toward
things from below the ground of which we have little knowledge may also have influenced
public interpretations and judgments about engineering in geothermal energy operations
which, compared to other renewable energy sources, still has quite a peculiar status in
public perceptions.
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