
Bleicher and Gross Geothermal Energy  (2015) 3:12 
DOI 10.1186/s40517-015-0032-6
REVIEW Open Access
User motivation, energy prosumers, and
regional diversity: sociological notes on
using shallow geothermal energy

Alena Bleicher1* and Matthias Gross2
* Correspondence:
alena.bleicher@ufz.de
1Helmholtz Centre for
Environmental Research, UFZ,
Permoser Str. 15, 04318 Leipzig,
Germany
Full list of author information is
available at the end of the article
©
(
t
p

Abstract

In this paper, we shed light on some sociocultural aspects underlying the use of
shallow geothermal energy and point to relevant research on the utilization and
public understanding of geothermal energy. We show how societal components
such as user preferences in heating and cooling, users’ involvement in co-designing
technology and producing energy, or country-specific administrative procedures
influence the development of the technologies. We rely on existing studies and
statistics and also on our own fieldwork (expert interviews) that has been carried out in
2013 and 2014 in Germany. Although we will focus on the cases in Germany, where
shallow geothermal technologies have spread in a short time and evoked diverse
forms of engagement from social actors, we also include comparative information
from other countries.

Keywords: Shallow geothermal technology; Sociotechnical system; Motivational
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Review
Geothermal heat has been in use for a long time by human societies, in particular at

places where it is easily accessible (e.g., hot springs). At the beginning of the twentieth

century, the exploitation of this energy source at a commercial scale started in Italy (in

Larderello in 1911), Iceland (1928), and New Zealand (1958) by using the advantageous

geological situation near tectonic plate boundaries (Garnish 1976). Since then, two

technological families have been developed in order to extract energy from the earth at

any place in the world.

The older family of technologies makes use of shallow geothermal heat on the house-

hold level for heating, hot water provision, and cooling. While the first patent for a

ground-coupled heat pump was published in 1914, the number of installations has only

increased since the 1970s especially in Sweden and since the 1980s in the USA as well

as recently also in Switzerland and Germany (Lund et al. 2011).

Since the 1970s, another family of geothermal energy technology was developed in

order to tap into geothermal energy at depths of several thousand meters in order to

provide electricity. Thereby, two types of use have to be distinguished: (a)

hydrothermal applications that make use of hot water reservoirs in several thousand

meters depth and (b) petrothermal applications that use water that has been injected
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and heated bypassing hot rocks in several thousand meters depth. Although both ap-

proaches aim on producing electricity, currently thermal use dominates. Recent evalua-

tions conclude that the EGS technologies are still under development (Breede et al. 2013).

Although in theory geothermal energy is available all year round all over the world,

its use shows significant regional disparities. Geological aspects such as the proximity

to plate boundaries, a suitable subsurface for heat pump installations, or the availability

of a technology needed for extraction are just some aspects that help to explain re-

gional patterns. However, technologies are characterized by the interplay of natural and

technological elements but also from mental and conceptual frameworks and specific

knowledge sets, legal frameworks, political conditions, and organizational structures in

its development as well as in its application and distribution (cf. Bijker and Law 1992;

Hess 2005; Latour 1990). The usage of technologies also plays itself out in daily rou-

tines, cultural values, knowledge, and skills. When adopting an innovative technology

into the existing sociotechnical system of heat and electricity provision, sociocultural

factors can be as important as technical aspects or economic performance of the tech-

nology. As regards the two families of geothermal technology, the social context differs

profoundly. While the use of shallow geothermal energy mainly takes place at the

household level and involves homeowners as well as installation firms, energy consul-

tants, architects, etc., deep geothermal installations are subject to large-scale technolo-

gies that require major investments by energy supply companies. Also, the legal

framework and administrative responsibility as well as public perception of and re-

sponse to the technology differ between shallow and deep geothermal energy (Moser

and Stauffacher 2015). Within this article, we will focus on shallow geothermal energy

technology.

Quite in contrast to the relevance of social elements in technological design and

development, only little social research exists that addresses shallow geothermal energy

explicitly. The most intensively researched aspect so far has been users’ motivations in

decisions for geothermal heat installation on the household level (Kölbel et al. 2008;

Caird and Roy 2011; Hee et al. 2013). To further contribute to this research stream, we

comparatively discuss the results of these studies and draw conclusions on underlying

values. Another sociotechnical issue addressed in the context of geothermal energy is

the question of user-driven innovation. We will take up this issue to employ the con-

cept of “prosumption” to discuss potentially new roles of users in technology

development.

Our aim within this article is based on a review of existing research revealing socio-

cultural aspects relevant for geothermal energy usage and technology and pointing to

research needs in order to explain the social side of technology. By so doing, we will

discuss the following questions:

– What motivations by homeowners for or against geothermal energy technology can

be observed? (Section 3)

– How is the technology of shallow geothermal energy shaped in the interplay

between actors from science, engineering, administration, and civil society?

(Section 4)

– How can regional differences in technology diffusion be explained?

(Section 5)
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Our arguments are based on ongoing debates in science and technology studies

(STS), environmental sociology, and engineering studies that argue that any

attempt to analyze energy users must take into consideration a multifaceted set

of roles, values, and practices in order to understand how and why users modify

and re-design, and how and why the public rejects, accepts, or adapts to

new technologies (cf. Eglash et al. 2004; Oudshoorn and Pinch 2005; Park

and Ohm 2015).
Methods

We rely on several data sources and methods: existing studies and statistics as well as

our own fieldwork that have been carried out in 2013 and 2014 in Germany. The latter

has been part of the integrated research project Energy Land Use at Leipzig’s Helmholtz

Centre for Environmental Research–UFZ.

We build on seven studies on homeowners’ decision for heat pumps that have been

carried out in Switzerland (1), Germany (4), the UK (1), and North Carolina, USA (1).

Albeit these studies are quite heterogeneous concerning their foci (e.g., technologies

studied) and overall research question, methods (e.g., questions asked, comparative ap-

proach, or focus on just one technology), and sample size (between 30 and 1023, see

Table 1), they all address similar crucial questions on users’ decisions for the imple-

mentation of heat pump technologies at a household level. We compiled the results

with regard to our research question in Section 3.

In order to discuss regional disparities in installing ground source heat pumps, we re-

lied on data provided by the German Federal Statistical Office. These were analyzed

using methods of frequency analysis. The results will be discussed in Section 5.

We also use our own empirical material that has been gathered via face-to-face

interviewing using a semi-structured interview guideline to strengthen and

complement our observations and arguments. Between 2013 and 2014, expert

interviews with 16 persons—homeowners, employees of the municipal and

regional administration, representatives of drilling companies, engineers, archi-

tects, and scientists—have been carried out in the city of Cologne and the

Federal State of Saxony (Germany). Individual interviews lasted between 45 min

up to 2 hours. These interviews have been transcribed and analyzed with the help

of MAXqda, a computer software for qualitative data analysis. A coding scheme

was developed in a twofold approach: using concepts already known from exist-

ing studies (e.g., environmental awareness) and revealing new concepts directly

from the material (e.g., the code to cover the pioneering spirit of interviewees)

(cf. Kuckartz 2007).

Furthermore, discussion threads at some important German online platforms on geo-

thermal energy at household level were reviewed, and this information has been used

to illustrate arguments that have been developed based on systematic analysis of statis-

tical data and interview material. At platforms such as www.niedrigenergieforum.de,

www.energieportal24.de, and www.haustechnikdialog.de, homeowners and energy ex-

perts discuss issues concerning heating technology. The issues range from the basic

search of information on the appropriate heating technology up to questions on spe-

cific technological details.

http://www.niedrigenergieforum.de/
http://www.energieportal24.de/
http://www.haustechnikdialog.de/


Table 1 Studies on user motivation

Study Technology Region Sample size Motivational factors (in the
order of their importance)

Studies dealing exclusively with ground source heat pump systems

Kölbel et al. 2009 (survey
carried out in 2007)
Focus on motivational factors
of risers who received a grant

Ground
source heat
pump

Germany,
Federal State
of Baden-
Wurttemberg

About
1000

- Increasing fuel prices
- Active personal contribution
to environmental protection

- Use of innovative
technology (Further criteria:
cleanliness of the
technology, compact size)

Sawillion 2010 (survey carried
out in 2007/2008)
Technical aspects treated
dominantly; several questions
on user’s motivations were asked

Ground
source heat
pump

Germany,
Federal State
of Baden-
Wurttemberg

145 - Environmentally friendly
technology

- Economic feasibility
(Further reasons: security of
supply, manageability,
independence from fossil
fuels, personal interest
in the technology)

Studies dealing with different technologies but revealing results for ground source heat pump systems explicitly

Roy et al. 2008, Caird and
Roy 2011 (date of the
survey not found)

- Ground
source heat
pump

UK >900 (89
GSHP)

- To reduce CO2 emissions

- Solar
thermal hot
water

- Wood-
fuelled
boilers

- To save money on fuel bills

- Automatic
pellet-fed
biomass
room heaters
or stoves

- The anticipated pleasure of
owning and using low or
zero-carbon technology

Hee et al. 2013 (survey
carried out in 2012)
Focus on user’s motivation

- Ground
source heat
pump

North
Carolina, USA

1023
(GSHP)

- Costs of electricity bills

- Solar PV

- To do something for the
environment

Studies dealing with several heat pump technologies without distinguishing or comparing the results
concerning ground source and air-based heat pumps

Erb et al. 2004 (survey carried
out in 1997)
Focus on technical aspects;
motivational factors were an add-on

- Ground
source heat
pump

Switzerland 218 (total
sample)

- Environmentally friendly
heating system

- Air-based
heat pump

- Space-saving technology

Michelsen and Madlener 2013
(survey carried out in 2010)
Focus on motivational factors of
users who received a grant

- Heat pump Germany 2440 (total
sample)

- Multiple reasons without
clear preference on single
aspects (beneath these:
interest in the technology,
environmentally friendly
future technology,
independence from fossil
fuels)

- Oil- or gas-
fired con-
densing
boiler with
solar thermal
support

- Woodpellet-
fired boiler

Fall 2014 (survey carried out
in 2013/2014)
Focus on user’s motivation

- Ground
source heat
pump

Germany 30 (total
sample)

- Independence from fossil
fuels

- Air-based
heat pump

- Environmentally friendly
technology

- Economic feasibility
- Low-maintenance
technology

- Interesting innovative (new)
technology
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Using shallow geothermal heat: a technology for ecologically minded users

After the oil crisis in the early 1970s when awareness for resource scarcity rose, in

several countries, geothermal energy was seen as an alternative for heating and hot

water provision, exploited by ground source heat pumps (GSHP) powered by electricity.

Especially in Sweden the technology was met favorably. With the foundation of the

Swedish Energy Agency in the 1970s, a structure was established to create and spread

knowledge and to provide financial funding. Most publications ascribe the enormous

number of installations in Sweden to these (geo-)political conditions: national policy

and the subsequent organizational structures (cf. Lund et al. 2004; Lind 2010). Further-

more, it is assumed that using electrical heating, which was and still is widely practiced

by the Swedish population, has a positive impact on using geothermal-based heating as

the heat pump is also powered by electricity (Lind 2010). In other European countries

such as France, Germany, or Switzerland, structures were established in order to pro-

mote geothermal energy in the early 2000s. In all these countries, installations of a

GSHP are primarily a phenomenon of the new housing and single-family housing seg-

ment and less of the retrofit market (Forsén et al. 2008). Thus, decision-making of

homeowners, usually middle-class people, has much influence on the further develop-

ment of this technology.

Existing schemes of public and private funding are mostly interpreted as a major

driver for the increasing use of shallow geothermal heat. However, several studies have

been carried out in different countries on homeowners’ motivation to decide for a

GSHP (see Table 1). Results of these studies show that funding programs are not the

main reason, if any, to decide for a GSHP facility. Especially when compared to deci-

sions on other renewable energy technologies, the availability of public funding and

other financial incentives for heat pumps generally and for GSHP more specifically is

less important in decision-making (Michelsen and Madlener 2013; Hee et al. 2013).

However, a study on microgeneration technologies in the UK revealed that those decid-

ing against a GSHP did so due to purchase price and limited coverage of grants (Caird

and Roy 2011).

Although the one-to-one comparability of these studies is impossible (see “Methods”

section), some preliminary interpretations can be drawn on criteria in decision-making.

First and foremost, the wish to invest in an environmentally friendly technology in all

studies is an argument that ranks high and is even given as first or second reason (see

Table 1). This correlates well with recent surveys on perceptions and public support of

renewable energy transitions in general (cf. Eurobarometer 2007; AEE-Agentur für

Erneuerbare Energien 2014). These studies show that a high environmental awareness

and concern for the environment is closely related to support in transitions to renew-

able energies. Economic reasons do always play a role, be it by consideration of electri-

city bills (Hee et al. 2013) or by long-term considerations including operation costs

(Sawillion 2010; Fall 2014). However, in Germany, users of online forums often

emphasize that an exclusive focus on fossil fuel prices cannot be the basis of a decision

for geothermal energy; a certain positive image of the technology and the decision for

it as something ethically positive is needed. In the case of geothermal energy, the wish

to be independent from the existing fuel-based energy system is an additional reason

that fosters decisions towards investment into this renewable energy source on a house-

hold level. Interviews, online forums, and existing studies reveal that the idea of
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organizing its own energy independence on the household level is a strong individual

motivation that comes into play in decision-making (cf. Sawillion 2010; Michelsen and

Madlener 2013; Fall 2014). Finally, studies in Germany and in the UK reveal that a cer-

tain number of homeowners are technology enthusiasts who willingly carry out their

own experiments with the innovative heating system (Michelsen and Madlener 2013;

Fall 2014; Sawillion 2010; Caird and Roy 2011), despite uncertainty, e.g., as regards any

knowledge about the project’s payback period or clearly defined economic incentives.

Per contra other environmental-related issues (cf. Dunlap and Mertig 1997), a deci-

sion for GSHP technology thus seems to be more deeply rooted in post-material values

(Inglehart 1977; Inglehart and Welzel 2005), especially the belief to contribute with this

personal decision to the social goal of environmental protection since at least in West-

ern cultures post-material attitudes and environmental concern form an integrated

value cluster (cf. Mayerl and Best 2014).

Existing studies on a country level provide initial insights into how the technology is

perceived and why homeowners decide for it. However, a well-grounded comparison

between existing studies is hardly possible due to variations in methodologies. Further-

more, these studies only cover a small selection of countries or regions. Thus, country-

wide and cross-country surveys focusing explicitly on sociocultural factors in using

ground source heat pump technology and other microgeneration technologies could re-

veal sociocultural foundations of homeowners’ decision-making.

Co-design of shallow geothermal heat technology

The GSHP is presented by interest groups such as national heat pump associations as a

mature technology. However, it cannot be seen as ready-made. Unlike traditional heat-

ing systems and other renewables, each ground source heat pump installation forms a

unified entity with the complex environmental system of the subsurface. Thus, each in-

dividual facility needs to be specifically designed. In Germany, normally several actors

are involved in these designing processes: heating system installers, drilling companies,

geologists, and environmental administrations. A higher engagement is also required by

homeowners. Fall (2014) outlines that homeowners were invited by the engineers to

co-design the facility. Information on user preferences as regards temperature, practices

of heating, bathing, and showering are needed to set the parameters for the heating.

Most users probably stay within this relatively small extent of technology modification

that primarily helps to adjust and optimize the technological system to the specific

(local) requirements. However, some of the homeowners and users tend to take an ac-

tive role and modify and design single parts of the entities of their heating system. Post-

ings at specific online platforms where users write about their experiences with their

heating system show that these users have detailed knowledge on the technology and

its components (pump, downhole heat exchanger, etc.). In their study on heat pump

use in Finland, Hyysalo et al. (2013) called the engaged heat pump users the “inventive

energy users.” We would like to link this idea back to Alvin Toffler who coined the

term “prosumption” when he referred to a close coupling between the production and

the consumption of goods (Toffler 1980). While consumption and production have

been separated for a long time in capitalist economy, due to social changes in many

areas of production, especially those connected to media and internet, prosumption has

gained a greater centrality in current capitalism (Blättel-Mink and Hellmann 2009;
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Ritzer and Jurgenson 2010). In the same way that production is rarely distinct from

consumption, consumption of, for instance, raw materials also always takes place in

production sites such as factories. The tendency to overcome the separation of con-

sumption and production also can be observed in using and producing renewable ener-

gies. Thus, citizens active in energy production can be labeled as “energy prosumers”

(Gross and Mautz 2015). The term is thus used to refer to the fact that, especially in

the domestic sector, the roles of energy consumer and producer as well as between

technology user and inventor are tightly coupled due to the introduction of household-

or community-level energy-producing technologies.

These observations add new aspects to the traditional image of rather passive home-

owners who just want to have a well-heated house and are not interested in techno-

logical details as revealed in some of the studies cited above. In spite of the relative

complexity of heat pump technologies, users are able to (and in some cases have to)

overcome the prescribed role of “energy consumer” and actively think about their heat-

ing, bathing, but also gardening practices. They have to make decisions on techno-

logical details (e.g., horizontal or vertical systems) and become intimately familiar with

the technology. Novelty of technologies often calls for this. Thus, the design of each

geothermal facility, the application of knowledge created within these individual cases,

and its transition to other cases in many ways drive the development of geothermal

heat technology. Users engage within these processes as do engineers. They thus influence

primarily the design of their own facility but indirectly, e.g., via installers who take the

experience made with one installation to further projects, the impulses are given for the

general design. Knowledge creation should be interpreted as a collective endeavor.

More research is needed to understand how the system of using geothermal heat is

designed and co-produced by interactions of diverse actors—homeowners, administra-

tion, and policy—and how discourses on environmental protection, renewable energy,

or energy independence impact the implementation and diffusion of geothermal heat

technology within the heating sector. It has to be analyzed if and how the collaborative

design of the technology changes in the course of the innovation process. The study by

Hyysalo et al. (2013) indicates that users are more deeply engaged in the design of the

technology when its diffusion is still low.

Cultural rifts? Regional diversity in the use of shallow geothermal energy

Policy, institutional structures, personal motivations, and cultural beliefs form regional

patterns of technology invention. In Germany, regional figures clearly show that the

share of heat pumps in new homes has been much higher in the eastern than in the

western part of the country since the early 2000s (cf. Figs. 1 and 2).

Figure 1 shows the share of all heat pump systems. Figure 2 reveals that in the east-

ern federal states—those states in the territory of the formerly socialist Germany, the

GDR—the share of ground source heat pumps has been twice as high as the German

average and even more than the average of the western states in 2010 and 2011. Al-

though no comprehensive explanation is possible based on existing data, some hypoth-

eses on the regional disparities can be made.

One explanation can be seen in different institutional developments. In western

Germany, the system of installing heating systems in individual homes was established

over several decades without deep societal ruptures. Thus, installation firms in the



Fig. 1 Share of heat pumps in new homes. These data represent all types of heat pump-based systems—ground
source as well as air-based systems. Figures of the Federal Heat Pump Association indicate a decreasing share of
GSHP in favor of air-based heat pumps since 2008
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western part became especially familiarized with oil-based technology (which was the

major heating technology since the 1950s), and it is demanding to change to the com-

plex technology of ground source heat pumps that requires specific knowledge about

geological conditions that so far is not available in these firms. As an interviewee from

Cologne in western Germany stated, existing structures and routines are interpreted as

being unfavorable and challenging for innovative technologies: “When we thought for

the first time about installing a GSHP in 2002, it was really a marginal topic. Definitely

it was too new, especially for the local administration. As far as I know they had no ex-

perience with this technology at this time. They could understand that we wanted to

abandon oil but they didn’t understand why we didn’t want to opt for gas-fired technol-

ogy. The effort to convince the administration of an even more innovative technology
Fig. 2 Share of ground source heat pumps in new homes. Since 2010, the Federal Statistic Agency has
distinguished between air-based and ground source heat pumps. For previous periods, the data are not
separately available
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seemed to us too big. That is why we abandoned the idea of GSHP at this time” (Inter-

view homeowner, 2013)1. This example nicely illustrates how technological paths on

heating technologies are inscribed in social structures and institutions and how these

structures guide people’s actions (Dosi 1982). Per contra, in the eastern, formerly so-

cialist, part the whole sector of home building was fundamentally restructured in the

mid-1990s after the German reunification. Installation firms were funded and had to

build up their competences, and people in environmental administrations had to learn

a new legal system anyway. One could thus argue that heat pump technology (GSHP)

met the institutional structure in an early stage and thus could be more easily adopted

(cf. Collingridge 1980). Following Collingridge, in the early stages of a technology, it is

comparably easy to adapt to or even change a technology since its social and cultural

factors are not yet deeply enrooted in daily practices.

A second explanation for these regional disparities could be seen in the tradition of

considering geothermal heat as an energy source for heating. Considerations on using

deep geothermal energy in district heating in eastern Germany dates back to the 1980s

under socialist rule when the search for alternative and domestic energy sources also

resulted in a program for technology development and investigation of the geothermal

energy potential (Schneider 2007). Some of the researchers in geology and engineers

already involved in geothermal energy in the 1980s made use of their knowledge in the

context of the market economy by founding companies in this field. Moreover, it can

be hypothesized that these activities left a rather positive image of geothermal energy in

the broader public as well as a general positive attitude towards innovative technologies

and the idea of energy independence.

A third explanation could be the greater openness towards electric heating in the

eastern federal states. Since the 1990s, also this type of heating shows a greater share in

the eastern part and reached a peak of 6.8 % in 2002, while at the same time in western

states, the share was 1.4 %. Seeing that this explanation is also given for geothermal en-

ergy development in Sweden, it might also help to explain the difference between east-

ern and western Germany.

However, in order to validate these hypotheses and potentially find more explanations

for those regional patterns, surveys would be needed that focus on motives of home-

owners in heating system installation. More in-depth qualitative studies of funding

schemes and administrative practices could be able to deliver answers on such regional

disparities observed within and between nation states.

Conclusions
Nowadays, shallow geothermal technologies are considered part of renewable energy strat-

egies in different countries. In addition to technical aspects and questions of ecological im-

pacts of the technology (Vienken et al. 2015), cultural meanings and discourses as well as

national policies and national and regional funding schemes form these technologies.

To sum up, the issues discussed in this paper include:

� Although economic reasoning does play a role in decision-making, it is not the

major reason. Homeowners decide to install geothermal heating devices in their

homes mainly due to the wish to engage for a better environment. Furthermore,

the belief that this technology will enable greater energy independence from
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traditional energy suppliers and the interest in innovative technologies guide their

decision-making. Seeing the importance of environmental arguments, we argued

that a decision for a GSHP is more deeply rooted in post-material values.

� Geothermal technologies are not only developed by engineers and scientists.

Society, groups of people, or individuals (e.g., homeowners) co-design the technology

by choosing it for their home or by questioning potential risks. Feedback channels

such as online platforms or knowledge transfer via engineers and installers can lead to

changes in technology and lead for example to improvement of security standards.

This phenomenon correlates with recent observations of the rise of “prosumers” that

is of an increasing rate of co-design of products by the same group of people who will

in the end also use them.

� There are cultural differences in acceptance of the technology. We exemplified this

by discussing and comparing data from eastern and western Germany. The

differences in the distribution of shallow geothermal energy installations may be

rooted not only in different institutional developments since the early 1990s but

also in a fundamentally different way of perceiving the geological underground as a

place for energy utilization stemming from the pre-1990 socialist era.

Although the GSHP technology in Germany and other countries already entered the

stage of diffusion, it is a technology that still has to find its place on par with other

heating technologies. Meanwhile, the technology is continuously shaped in the interplay

between users, engineers, installers, and administration. The negotiations in this interplay

have to deal with upcoming uncertainties, e.g., the quality of materials for subsurface

installations or environmental effects of high numbers of GSHP in small areas.

Given uncertainties in establishing geothermal energy systems, decision-making in

processes of tapping geothermal energy sources and related areas necessitates acknow-

ledgment that these uncertainties are an inevitable given (cf. Gross 2013). Where the

development of the technology and knowledge generation about its application coin-

cides, users thus elevate from mere consumers to energy prosumers. This trend thus

should not to be misunderstood as irresponsible technology development, but as a

part of a trend of increasing needs and wishes of customers to more individualistic

products. Thus understood, GSHP development and prosumer choices appear to be

at the forefront of developing customized technologies.
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