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1 
Introduction



1.1 The nature of this book

This book is ostensibly about the energy transition in the building sector. 
It provides insights into the work conducted during the ‘EnerTransRuhr’ 
project. This project, whose full name is ‘The German “Energiewende” – 
Development of an Integrative and Transformative Research Design in the 
Case of the Energy Transition of the Ruhr Area and North Rhine-West-
phalia’, was funded by the German Federal Ministry of Education and 
Research (BMBF) under the ‘Environmentally and Socially Compatible 
Transformation of the Energy System’ funding programme. The project, 
involving the development of strategies for reducing energy consumption 
in buildings, provided a number of interesting insights into the transforma-
tional challenge of the energy transition in buildings, which is the deter-
mining factor for the success of the energy transition in Germany as a 
whole.

Essentially, however, the book is a workshop report from the Ener-
TransRuhr project, which itself can be seen as a representative project in 
the field of sustainability and transformation research. As with numerous 
other sustainability challenges, the energy transition in buildings is a com-
plex transformation task: the energy-saving potential in the building sector 
depends on a wide range of factors. These factors include the technical 
characteristics of the building stock, the legal and economic framework 
conditions that are intended to encourage owners to make their buildings 
more energy efficient, as well as the behaviour of those who use a build-
ing, especially their heating and ventilation habits. This complex inter-
play of the political framework, the building itself and people’s behaviour 
within its walls means that the topic of the energy transition in buildings, 
which may appear minor at first sight, is destined to be an important field 
of application for exploring complex transformation challenges. Research-
ers also took the opportunity offered by the EnerTransRuhr project to con-
tribute towards advancing integrated and transformative research designs.

The transformation initiated by the energy transition is present in all 
conceivable systems that humans have created to ensure orderly coexist-
ence. A mind shift towards the more responsible use of energy and the 
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environment, and consequently efficient and sustainable practices, must 
not only be viewed as a collaborative exercise in the building sector; it 
requires new forms of participation and integrative moments in research. 
Taking the example of the energy transition in buildings, this book asks 
how complex socio-technical transformation processes towards sustaina-
ble development can be supported academically. How can we gain a bet-
ter understanding of the opportunities and obstacles in our path to achiev-
ing a world that puts less pressure on resources and the climate? And how 
can science contribute towards new solutions and ideas leading to change 
in practice? Such transformative research that leaves the neutral observer 
position needs appropriate concepts and methods: how can knowledge 
from different disciplines and from practice be integrated in order to be 
able to explain and understand complex circumstances and interrelations? 
What role do complex (agent-based) models and experiments play in this 
respect? Which mix of methods is required in transformative science in 
order to actively support the actors in transformation processes?

This book focuses on these questions. The next section provides a brief 
overview of the basic concepts of transformation research, demonstrat-
ing that one of the key challenges involved is making knowledge integra-
tion interdisciplinary and transdisciplinary. Boundary objects may play 
an important role here, acting as a point of origin that gives us a common 
understanding of the problem (but viewed from different perspectives), 
and that ensures exchange between different stakeholder groups. In this 
connection, boundary objects may be specific places, such as cities or 
neighbourhoods, or abstract scientific models. Both forms have played a 
central role in the EnerTransRuhr project, and have therefore been cho-
sen as the starting point for the following specific insights into the project 
and its findings. 
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1.2 How to explore transformation

In order to meet climate change mitigation targets in the building sector, it 
will not suffice to support technological innovations alone. One must deal 
with established structures in cities and neighbourhoods and take into 
account the relevant circumstances and framework conditions. The polit-
ical and legal situation is also complicated. The right incentives have to 
be created, but these may differ considerably in some cases, depending 
on the stakeholder group and the building stock, and unintended conse-
quences may arise. It is also essential to consider each individual actor’s 
different underlying motives, for example, to leverage the potential created 
by changing people’s heating and ventilation habits. 

It becomes apparent from this field of enquiry that it is not easy to 
determine the contribution to be made by science and research in imple-
menting the energy transition in buildings. The interlinkages in the energy 
transition in buildings starkly reveal the limitations of investigating these 
questions solely within academic disciplines when asking which techno-
logical innovations are needed, which policy instruments could be useful, 
which business models have to be developed, and what role is played by 
actors’ behaviour. All these aspects are relevant, but must, above all, be 
investigated in interaction with each other.

On the whole, the energy transition (not only in the building sector) is 
both a technological and a socio-cultural transformation challenge. Aca-
demic guidance in the energy transition faces various integration chal-
lenges as well. To begin with, technological (new production technolo-
gies, grids, storage facilities, efficiency technologies) and socio-cultural 
innovations (new governance patterns, lifestyle adaptations, new use pat-
terns of products and services, new forms of participation, and so on) must 
be considered in an integrated manner. In this respect, the cultural con-
ditions concerning the energy transition have as yet been studied very lit-
tle compared to the technological conditions. Yet they are of great impor-
tance when it comes to understanding innovation in energy efficiency. In 
addition, change processes must be analysed in the interaction between 
different levels of government — in our case, in particular, at the national 
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and municipal level. In the course of developing suitable strategies for the 
energy transition, potential problem shifts must also be taken into account. 
In light of the close link between energy and resource issues, it is impor-
tant to conduct an integrated assessment of the resource impacts of the 
energy transition from its earliest stages.

Since research into transformation should not be based on research into 
transformation processes alone, but should identify specific options for 
action and initiate change in practice, it is essential to link (inter)discipli-
nary model-based knowledge (knowledge about the system) with empiri-
cally and/or experimentally gained transformation knowledge (knowledge 
for designing the system) in a transdisciplinary research process. Sustain-
ability-oriented transformation and transition research addresses these 
fundamental challenges1.

The underlying basic concepts of this research area are presented in 
Chapter 2. Building on this, Chapter 3 outlines fundamental methodolog-
ical approaches towards exploring transformation processes along the 
‘transition cycle’, which describes the ideal-typical phases of transforma-
tion processes and shows how relevant system, target and transformation 
knowledge can be generated. Chapter 4 provides an overview of the spe-
cific application of transformation research within the EnerTransRuhr pro-
ject. Using the example of this project, the chapter shows what an inte-
grated research design in the field of transformation and transformative 
research might look like, and which specific challenges are most relevant. 
It demonstrates the possibilities of how knowledge of the different contex-
tual and methodological approaches can be integrated. The possibilities 
and limitations of modelling as a place of integration are discussed on the 
basis of the project. The book closes in Chapter 5 with a number of con-
clusions and thoughts about the further development and application of 
transformative research designs.

1 For an overview, refer to Markard et al . 2012; van den Bergh et al . 2011; Göpel 2016 .
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2  
Basic concepts  

of research  
into transformation



The progression of environmental risks and climate change2 clearly show 
that minor reforms are of no use. On the contrary, according to the Ger-
man Advisory Council on Global Change (WBGU), a ‘Great Transforma-
tion’ (WBGU 2011) is required in order to embark upon a path towards sus-
tainable development. The special challenge involved here is to shape the 
ongoing and constantly accelerating transformation process of the econ-
omy, society and the environment so that it is steered in a sustainable 
direction. In recent years, several key terms and concepts have evolved 
that help us the understand such comprehensive socio-technical transfor-
mation processes. These terms and concepts will be described in greater 
detail below. 

2.1 System innovations  
and human-environment systems

Cities and neighbourhoods are what is known as ‘human-environment sys-
tems’ (Scholz 2011). Within these systems, infrastructure, technological 
systems and human activities act on and interact with ecological systems 
with considerable repercussions and feedback. Innovations are required 
to change such systems to give them a positive ecological impact. Purely 
technological innovations rarely suffice to achieve this goal. In fact, there 
needs to be what is referred to as ‘system innovations’, i.e. a combination 
of technological, social and institutional innovations.

One look at the diversity of these challenges and issues is enough to 
show that a purely technological understanding of innovation is not suffi-
cient. Today, the central bottleneck is often no longer caused by a lack of 
technological innovations. Instead, the search for new business models, 
funding schemes and organisation models, for intelligent forms of coop-
eration between partners from different fields, and for suitable means of 
political participation prove to be much more important. Nowadays, sus-
tainability solutions call for system innovations in which technical, eco-
nomic and institutional elements are closely interwoven so as to pave the 

2 See, for example, Rockström et al . 2009; IPCC 2014 .
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way for the transition from existing orders of the system to a more sustain-
able development path (Schneidewind 2011).

The term ‘system innovation’ describes fundamental changes that go 
far beyond technological innovations and change whole socio-techni-
cal systems or human-environment systems in terms of their institutions, 
values, organisational structures and infrastructures. In this respect, sys-
tem innovations refer to whole societal subsystems that fulfil fundamental 
basic functions such as the supply of energy, mobility, food and housing. 
It involves describing the combination of technological and social inno-
vations and their embeddedness in social structures and infrastructures. 
Related to this, it is important to understand that it is more than superficial 
interaction or a loose combination of new technologies and altered behav-
iour patterns. How, then, can a system innovation be defined? Reflecting 
the work of researchers such as Abernathy and Clark (1985), Christensen 
(1997) and Utterback (1994), Geels (2004, p. 19 f.) describes three aspects 
of a system innovation. 

The starting point is initially a technological innovation that replaces an 
established technology or acts as its substitute. The second step involves 
co-evolutionary processes: the new technology interacts with its social 
environment. This then leads to social and institutional innovations, such 
as changes in use patterns, new business models, changed market and 
industrial structures and new policy instruments. These co-evolution-
ary processes result in the third (crucial) aspect of a system innovation, 
which is the emergence of a ‘new functionality’ of the relevant socio-tech-
nical system as a whole. In other words, although the system concerned 
continues to fulfil its original function, it does so in a qualitatively and 
often radically different way. There is thus more to it than new technol-
ogies or optimised contexts of application and adapted system configu-
rations — a system innovation involves fundamental shifts in meaning (for 
example, from car traffic to mobility) and the application of new qual-
ity criteria to a system and its functioning (such as the energy efficiency 
standard as a criterion for the quality of a building). A system innovation 
therefore means a real paradigm shift that leads to a fundamentally new 
system architecture via altered functioning logics.

Basic concepts of research into transformation  
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In sustainability-oriented system innovation research, the emphasis is 
on altered system configurations and new functionalities such that induce 
positive social-ecological effects. The central potential of system innova-
tions for sustainable development lies in the processes of socio-techni-
cal co-evolution: technological innovations as well as individual institu-
tional, policy or civil society initiatives may all provide a decisive impetus 
for change. Since these initiatives always interact with other elements of a 
socio-technical system, the possibility exists that dynamics and processes 
relate to each other and mutually reinforce each other. Particularly in cities 
and individual neighbourhoods, such interactions become possible due 
to spatial densification: cities and neighbourhoods can also be defined 
as socio-technical human-environment systems that are characterised by 
interaction between topographic and technical (infra)structures and the 
actions of stakeholders. For this reason, the energy transition in buildings 
is, of course, faced with the challenge of having to develop complex solu-
tions in the sense of system innovations — and yet, in positive terms, this 
provides the opportunity for the mutually reinforcing positive effects and 
dynamic interactions of a system innovation process. In this respect, both 
technological innovations and social catalysts for change can be enablers 
of comprehensive change. In order to achieve robust change processes, 
it is above all important to take into account the tacit knowledge of those 
people affected and involved locally. The actual implementation of a sys-
tem innovation can only succeed if it is accepted and propagated by the 
relevant users. For science, this means that research geared to a sustain-
able transformation must take into account not only the knowledge of the 
different academic disciplines, but also the practical knowledge and expe-
rience of non-academic partners.
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2.2 Transformation research  
and transformative research

As the WBGU has noted, research plays a central role in the implementa-
tion of transformation processes: ‘The transformation is a societal search 
process that should be supported by experts. In collaboration with poli-
tics, the economy, and society, research and education are tasked with 
developing visions for a low-carbon society, exploring different develop-
ment paths, and developing sustainable technological and social innova-
tions’ (WBGU 2011, p. 21). In the WBGU report, a differentiation is made 
between transformation research and transformative research: 

In transformation research, the emphasis is on exploring transition pro-
cesses in order to investigate the factors and relations in transformation 
processes, and to critically reflect on them. ‘One particular challenge for 
transformation research is the interaction of social, natural and engineer-
ing sciences in order to understand the interaction between society, the 
Earth system, and technological development’ (WBGU 2011, p. 22).

In research, different disciplinary approaches play a role in representing 
the different dimensions of a comprehensive societal transition. Transition 
has a technological dimension in many areas, particularly in the energy 
transition: here, questions arise as to whether and how the restructuring 
of a system is possible and which individual technologies are needed in 
the process. This quickly leads to pressing issues from the economic side: 
how can the transformation be financed, and which economic and market 
mechanisms are needed? In the case of the energy transition, the Renew-
able Energy Sources Act (EEG) and feed-in payments were developed, 
for example; financial incentives, such as subsidy programmes and tax 
relief, also play an important role in the building sector. This dimension is 
closely linked to the institutional dimension, the political framework and 
issues concerning the regulation and management of transformation pro-
cesses. Besides creating financial incentives, policies can also make use 
of many other instruments. In the area of the energy transition in build-
ings, these range from classic control mechanisms, such as urban land use 
planning, to the provision of information. Finally, the energy transition is a 
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good example of the fact that a cultural dimension is also essential for the 
understanding of contemporary transformation challenges — even if they 
appear ‘minor’ at first sight. Without a change in both individual and soci-
etal handling of the topic of energy and how we use it, the transformation 
will not be achieved.

The aim of transformation research, as outlined and called for by the 
WBGU, is to gain an integrated perspective of all these dimensions that 
are relevant to transformation processes. Such a perspective can also be 
described as an ability, referred to as ‘transformative literacy’ (see Fig-
ure 1, Schneidewind 2013a; b) that modern science and society should 
gain in order to be able to adequately meet the current challenges. In this 
respect, transformative literacy should also empower stakeholders to act. 
Completely new challenges and tasks come into being here for science, 
which the WBGU describes under the term ‘transformative research’.

Transformative research is ‘research that actively advances the transfor-
mation. Transformative research supports transformation processes with 
specific innovations in the relevant sectors. … Transformative research there-
fore encompasses a spectrum that reaches from purely discipline-based 
to system-based research’ (WBGU 2011, p. 22). Here, the WBGU makes it 
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Figure 1: Transformative literacy
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clear that transformative research ‘include[s] economic and social diffu-
sion processes and the possibility of their acceleration, and demands, at 
least in part, a systemic perspective and inter- and cross-disciplinary meth-
ods, including stakeholder participation’ (WBGU 2011, p. 343).

By differentiating between transformation and transformative research, 
the WBGU takes up the idea of transdisciplinary approaches, elaborated 
20 years ago, which is explained in further detail below. 

2.3 Transdisciplinarity:  
how does socially robust knowledge for  

transformation processes emerge?

Transdisciplinarity is a key concept in the exploration of transformation 
processes, and describes a new form of knowledge production (as com-
pared with classic science and basic research), which is oriented to social 
problems and which searches for solutions and acts as a catalyst for real 
change by drawing on the different discipline-based knowledge bases and 
the practical experience and knowledge of various non-academic stake-
holder groups. This new form of knowledge production is especially neces-
sary where complex, life-world problems are involved — such as the energy 
transition (in buildings), with its typically multi-level technological, eco-
nomic, institutional and cultural dimensions. The basic idea of a transdis-
ciplinary approach is that a solution for these complex problems initially 
consists of identifying the scale of the complexity of the problem in the first 
place — namely in the interaction between the different scientific and practi-
cal dimensions of the problem and the various perceptions of the problem 
from different perspectives. In the second step, the different knowledge 
that may contribute towards finding a solution (abstract, case-specific, sci-
entific, as well as practical and experience-based) must then be consid-
ered in an integrated manner and translated into specific strategies and 
practices that contribute to a ‘good’, sustainable solution (Pohl & Hirsch 
Hadorn 2007, p. 20). In this respect, transdisciplinary approaches are not 
to be understood as an alternative or a counter-programme to ‘normal’ 
science and research, but as a science-based approach to the solution 
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of ‘non-scientific’, i.e. real-world problems. As succinctly summed up by 
Scholz, it is about ‘disciplined interdisciplinarity in transdisciplinary pro-
cesses’ (Scholz 2011, XVII). Disciplinary knowledge bases are to feed into 
interdisciplinary exchange and the whole thing should then be embed-
ded in a transdisciplinary process that also includes non-academic per-
spectives.

Socially robust knowledge is to be generated in this process. This is a 
kind of knowledge that is not only expandable in academic discourse, but 
that also provides guidance to the stakeholders involved in transformation 
processes. Three fundamental characteristics of socially robust knowledge 
are decisive to achieve this. First, in this context, ‘robust’ means ‘valid’, i.e. 
it must be valid and reliable knowledge. However, this type of validity can-
not be tested in the lab or under controlled conditions; it is about the real-
world conditions that must withstand the influences of policy, the econ-
omy and culture, and their interactions within a social context. Second, 
socially robust knowledge mainly arises where an extended group of aca-
demics and expert ordinary citizens are involved so that different forms of 
knowledge can be linked to each other, such as classic scientific knowl-
edge, practical experience and other technical expertise. Third, socially 
robust knowledge is also characterised by the fact that it is repeatedly 
tested, expanded and modified in a recursive process — and is not created 
in a linear process by scientific experts, as in the classic understanding 
of science, and passed on to laypersons to be put into practice (Nowotny 
2003, p. 155; Nowotny et al. 2001). Here, too, it is not a matter of abolishing 
‘normal’ science and replacing it with something else, but of new connec-
tions and the embeddedness of science in society from an enlightened per-
spective of responsibility of science towards society as a whole. Socially 
robust knowledge is also a science-based concept and remains academi-
cally expandable, in the specific isolated case, namely through case-spe-
cific discipline-based references and methodological standards in knowl-
edge production. At the same time, however, it is necessary that society 
has the ability to adopt this knowledge; socially robust knowledge also 
contributes to solving real-world existing problems in practice and offers 
orientation. Here, ‘orientation’ should be understood in normative terms, 
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in the sense of ensuring to the greatest extent possible that sustainable 
development goes in the ‘right’ direction, for example in the development 
of technological innovations and their often undesirable secondary effects 
(for example, in the case of nuclear power or genetically modified food). 
It therefore becomes clear that socially robust knowledge is not knowledge 
that ‘functions’ practically or is economically exploitable. Socially robust 
knowledge should rather contribute towards greater capacity for reflec-
tion in science and in society in general by helping to establish clarity on 
the (unintended) consequences of technologies, products or policy instru-
ments more easily and quickly. As a result, reflexivity becomes a key fac-
tor in transformation and transformative research, because it is only possi-
ble to deal adequately with complex sustainability challenges by ensuring 
recursive learning processes in academia and society.

The inclusion of practitioner actors in knowledge production called for 
here has been debated recently under the terms ‘co-design’ and ‘co-pro-
duction’ (Cornell et al. 2013; Mauser et al. 2013). In the global research 
programme ‘Future Earth’, these principles of transdisciplinary knowl-
edge production are being drawn on and further developed in a bid to 
meet global sustainability challenges. Scientists and practitioner actors 
should therefore ideally work together in the co-design and co-production 
of knowledge, while taking on different roles and responsibilities. Defining 
research questions and developing research programmes should be done 
jointly by academic and non-academic stakeholders, just as the prepara-
tion and dissemination of the results should be undertaken jointly, while 
researchers are responsible for the actual research, the scientific method-
ologies and knowledge production (co-design). In a more enhanced var-
iant, practice partners would also be directly and proactively involved in 
this process of knowledge generation (co-production) (Future Earth 2013, 
p. 21 ff.).
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2.4 Knowledge integration  
and the role of boundary objects

The great challenge of transdisciplinary approaches therefore lies in knowl-
edge integration: how can the various findings from different academic dis-
ciplines and from practice be connected to each other, contributing to the 
solution of a multi-dimensional, complex problem? This general issue of 
sustainability and transformation research is also at the core of the Ener-
TransRuhr project, and was examined in detail by means of innovative pro-
ject designs and the integration of methods for the example of the energy 
transition in buildings (see Chapter 3).

In (ideal-typical) transdisciplinary research processes, knowledge inte-
gration takes place at various places and at different points in time. First 
of all, there must be an understanding of the actual problem to be consid-
ered and resolved. The perception of the actual core of the problem gen-
erally differs, depending on the perspective of the researchers in different 
disciplines, and varies in particular among researchers and the practi-
tioner stakeholders concerned. The example of the energy transition in 
buildings also shows that the perspectives of social scientists, natural sci-
entists, engineers, the municipality, landlords, homeowners and residents 
differ markedly in some cases. If a common understanding is achieved 
within a specific research project and the participants manage to develop 
a description of the problem that is shared by all those involved, then the 
next stage must involve integrating the discipline-based scientific knowl-
edge with other knowledge as a response to secondary questions in the 
research project. The final step involves integrating the knowledge with 
regard to the specific results and their practical implementation (Berg-
mann et al. 2010; Jahn 2008).

‘Boundary objects’ (Star & Griesemer 1989) may serve as an important 
communication device for knowledge integration. Boundary objects are 
objects ‘that enable different actors and disciplines to refer to a common 
point for the coordination of their knowledge bases’ (Schneidewind & 
Scheck 2013, p. 240). This can either be a specific, physical point of refer-
ence, such as a city or a neighbourhood with a joint emission reduction 
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target, or a more abstract object, such as a joint narrative that links differ-
ent perspectives in a simple story. A scientific model or a jointly developed 
scenario can also serve as boundary objects that bring together these 
different perspectives. In the EnerTransRuhr project, agent-based models 
were developed for this purpose into which the results of the different sci-
entific investigations were incorporated with the aim of creating a joint 
(model) language and developing models as a joint point of reference (for 
more information, see Chapter 4). For an overview of other methodologies 
and tools concerning knowledge integration, see Bergmann et al. 2010.

In addition to the models as instrumental and rather abstract bound-
ary objects, the cities and neighbourhoods that participated as the area of 
examination and experimentation were the spatial boundary objects in the 
EnerTransRuhr project. The cities of Oberhausen, Dortmund and Bottrop 
from the Ruhr Area participated in the project as practice partners. The 
project focused on the inner city neighbourhoods of Alt-Oberhausen and 
Lirich, Dortmund-Hörde and the project area of the InnovationCity Ruhr 
in the model city of Bottrop3. As the integrative moment, these locales 
are where diverse approaches come together in the form of activities and 
processes at different levels, with joint or divergent convictions and, ulti-
mately, with different methodological and thematic approaches in the pro-
ject context. They help to bring together complex conditions, processes 
or individual actors. Thanks to the specific spatial reference, it was possi-
ble to relate the different substantive and methodological approaches of 
the projects to each other. The specific localisation clearly brought to light 
the wealth of activities and the complexity of processes at different levels 
(in this case, with regard to the energy refurbishment of buildings ) and 
their interactions with the different relevant actors (from homeowners to 
tenants, from the municipality to politically engaged citizens) which, in 
turn, incorporate various mentalities and motivations.

3 For more information about the model city of Bottrop, see http://www .icruhr .de/index .php?id=3
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2.5 Forms of knowledge and  
research approaches along the transition cycle

How, then, can research for a transition to a more sustainable system be 
successfully implemented in specific research projects, such as in the area 
of the energy transition in buildings? 

For initial orientation and structuring purposes, it is important to dif-
ferentiate between three forms of knowledge: system knowledge, target 
knowledge and transformation knowledge. In this respect, system knowl-
edge refers to the basic understanding of a problem area, the relevant facts 
for evaluating the circumstances and the causal relationships in human-en-
vironment systems. Target knowledge describes the future understand-
ing of desirable system conditions from a sustainability perspective and 
an assessment of room for manoeuvre and opportunities for action. In 
order to bridge the gap between the current state of a system and the 
intended future vision, transformation knowledge of the specific means 
and ways of how to achieve the developed vision, based on a current 
understanding of the problem, is required as a third aspect (Jahn 2008,  
p. 26).

How, then, can these three forms of knowledge and their interaction in 
the research process be taken into account? It is useful here to take what 
is referred to as the ‘transition cycle’ as a point of departure. The transi-
tion cycle describes the typical course of transformation processes and 
the associated forms of knowledge (cf. Wuppertal Institute 2011; with ref-
erence to Loorbach 2007 and 2010). The transition cycle describes four 
phases of a transformation and is therefore a model that illustrates the rel-
evant elements in the practical steering as well as in the academic guid-
ance of transformation processes: 

The first phases involves problem analysis, based on the systematic 
structuring and framing of a specific societal problem. During this phase, 
system knowledge is initially generated as a starting point for the rest of 
the process. Integrated problem analysis enables all of the researchers and 
practitioner actors involved to gain a common understanding of the prob-
lem, which means they can then identify the possibilities and levers for a 
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change process, as well as the central challenges and the role played by 
the different actors.

On the basis of such a comprehensive understanding of the problem, 
the next step that should occur is a vision development, meaning that as 
many of the relevant actors as possible should agree on desirable futures 
and on the appropriate concepts and strategies for carrying them out. 
These two steps can be found in the many guiding principles, concepts 
and studies on sustainable development. The visions of the future may dif-
fer greatly, from traditional quantitative and/or qualitative scenarios to mul-
tidimensional transformation paths or a transformation agenda negotiated 
at a transdisciplinary level. In light of this, it is always presumed that vision 
development represents a common and reflective learning and search pro-
cess. Since most sustainability challenges are complex, multidimensional 
problems requiring long-term change, it is virtually impossible to set a pre-
cise road map and schedules in advance. The aim of vision development 
is to define substantive targets and to ensure to the greatest extent possi-
ble that development proceeds in the ‘right’ direction. Although specific 
technologies, policy instruments and courses of action are by all means 
to be included in the vision, there is always the need to allow for flexi-
ble adaptations to changing conditions and new insights. This, therefore, 
involves the development of target knowledge, which includes normative 
value judgments as well as, in particular, the knowledge and wishes of the 
actors shaping the process.

In order to proceed to the actual implementation of the transformation 
process, and hence to the generation of specific transformation knowl-
edge, the concept of the transition cycle provides for two further steps: 
solution strategies should be tested in the form of specific experiments. 
Whereas system analysis assumes a controllable degree of complexity 
and hence an ability to model the process, reality usually proves to be 
much more complex. For this reason, there needs to be an ‘experimen-
tal turn’ in transformation research, i.e. a shift towards approaches that 
enable learning about system behaviour in transformation processes by 
means of guided or actively catalysed experiments in real laboratories. 
This takes place on the basis of the aforementioned visions and guiding 
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principles; technological innovations, strategies and action concepts are 
tested as closely to practical reality as possible, involving the relevant 
actors. As a result, this phase is a central element of the transition cycle 
and in transformation processes as a whole. For this reason, Section 3.3 
provides detailed information about the design of such real-world exper-
iments, including in the area of the energy transition in buildings, and 
about which principles should be used to plan and implement them. 

The experience gained in such specific experiments contribute to learn-
ing and diffusion processes and help researchers to develop transferable 
solutions and strategies. Following an up-scaling process, they find their 
way to the mainstream, helping to find a solution to the problems iden-
tified earlier. To effectively disseminate such solutions, the knowledge 
gained from modelling and experiments must be translated into design 
heuristics. This involves identifying typical patterns that are promising in 
a transformation process and that can be transferred to other cases. These 
can, then, by all means be specific policy instruments or designs of prod-
ucts and services.

The sequence of phases within the transition cycle may vary; for exam-
ple, conclusions gained from experiments may also lead to visions being 
adapted. In principle, it is an ideal-typical model that primarily indicates 
that complex transformation processes take place in recursive learning 
loops in which experiments play a crucial role (learning-by-doing and 
doing-by-learning, see Rotmans & Loorbach 2010). Therefore, the transi-
tion cycle is a concept that enables transformation research to be linked 
to transformative research, that focuses on the principles of transdiscipli-
narity, and that aims to generate socially robust knowledge. As a concept 
ideal for practical research and a blueprint for research designs, the tran-
sition cycle aims to take into account all three forms of knowledge.

The transition cycle also creates a frame of reference for the example of 
the energy transition in buildings discussed here in order to link together 
the system knowledge required for this complex transformation challenge 
(via technical system options, but also social and cultural systems descrip-
tions), target knowledge (for example, via policy objectives in the con-
text of the energy transition) and transformation knowledge (involving the 
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knowledge bases of specific actors). For this reason, the various method-
ological approaches that play a role in the EnerTransRuhr project will be 
described in further detail below along the phases of the transition cycle 
and the relevant forms of knowledge in each case.

Problem analysis:  
generating system knowledge 

As described, the generation of system knowledge as a starting point of 
both transformation and transformative research is about generating fac-
tual knowledge of the causal relationships in socio-technical human-en-
vironment systems and their interactions. In recent decades, all kinds of 
techno-economic analysis models have been developed and applied for 
use in the energy and climate sector to describe the energy transition at 
different system levels. They either use a bottom-up, top-down or mixed 
approach. For this reason, they are either target-oriented or technology-ori-
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Figure 4: The transition cycle (source: based on Loorbach 2010, p. 173)
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ented, and are usually created statically, with the exception of electricity 
generation models (Möst & Fichtner 2009, p. 18). In the case of human- 
environment systems, however, it is essential to represent actors’ behav-
iour to the greatest extent possible in addition to infrastructures and tech-
nologies. The most general way to represent actors’ behaviour is to use 
economic models involving rational behavioural assumptions and market 
mechanisms. However, the specific fleshing out of the energy transition 
is influenced by very different stakeholder groups and motivations, which 
can only be described by economic models with limited success. In real-
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Figure 5: The energy transition in buildings in the multi-level system
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ity, social behaviour is often more complex, as demonstrated by the over-
view of the current challenges in the area of the energy transition in build-
ings (see Chapter 3).

In the area of residential buildings focusing on the ‘heating transition’ 
in the building sector, the socio-technical human-environment system has 
multiple components: first of all, there are the actual buildings with their 
components in a more or less decent condition. Then there are the own-
ers who decide, for a variety of reasons, whether to carry out energy refur-
bishment measures for their building or not. In this respect, landlords 
can be private individuals or companies, which have very different pre-
requisites — in terms of personnel and financial resources — for implement-
ing measures. And, finally, there are people living in the building whose 
behaviour also has a major impact on the actual energy consumption. 
These residents may be the owners of the building themselves, or they 
may be households residing there on a rental basis. 

These buildings, and the people associated with them, are surrounded 
by political frameworks and services offered to guide and influence the 
process of energy refurbishment, such as energy consulting, planning, 
support and the skilled-trade sector. 

Vision development:  
target knowledge for a sustainable future

Based on a survey of the current situation and its complex systemic inter-
relationships, the second step involves the normatively motivated, but sci-
entifically processed, development of substantiated visions. Target knowl-
edge of future desirable system conditions, such as in the area of the 
energy transition in buildings, can be generated in various ways.

In the context of transition research, scenario analysis is an important 
tool for identifying potential future developments, which is followed by an 
analysis and an assessment. Scenario analysis enables several potential 
futures to be substantively identified, rather than the prediction of a sin-
gle probable development. As such, it is a tool for scientific justification in 
order to define target values for aspects of sustainable development along 
the lines of the visions in the transition cycle. This applies, for example, 
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with regard to socio-technical innovations and underlying fields of activity 
(e.g. in the area of energy supply or the demand area of housing). In addi-
tion, scenarios are used to obtain a reliable assessment of the future effects 
of innovative or more developed policy instruments and product-service 
systems. Other fields of application include analyses of the future need for 
resources, energy and space. 

With regard to the heating transition in the building sector, the targets 
specified by the German federal government set the direction. In a bid to 
achieve climate protection and energy transition targets, the German fed-
eral government pays considerable attention to the energy refurbishment 
of buildings, i.e. the installation of thermal insulation and the modernisa-
tion of outdated heating systems. According to the energy concept pub-
lished in 2010 by the Federal Ministry for Economic Affairs and Energy 
(BMWi), in cooperation with the Federal Ministry for the Environment, 
Nature Conservation, Building and Nuclear Safety (BMUB), by 2020, the 
energy requirements for heating should be reduced by 20 per cent com-
pared to 2008 levels (BMWi & BMUB 2010). All buildings should be nearly 
climate-neutral by the middle of the century. Climate-neutral means that 
buildings may then only have very low energy needs, and that the remain-
ing energy demand must be covered primarily by renewable energies. 
Compared to 2008, the energy demand must be reduced by an order of 
magnitude of 80 per cent. Once this has been achieved, the building sec-
tor will make an important contribution to the central goal of cutting all 
greenhouse gas emissions in Germany by 80 to 95 per cent by 2050 com-
pared to the base year of 1990.

However, it is not clear to what extent such purely quantitative target 
scenarios will affect the actions of urban-dwelling actors in their decisions 
such as whether to carry out efficiency measures in the building sector or 
not. Will these quantitative targets suffice or will they have to be supple-
mented by a shared qualitative exemplar at the urban or federal state level 
in order to change the actors’ decision behaviour? What requirements must 
be imposed on such exemplars to be effective? These are important issues 
in the context of actor-oriented transformation research. Examples of suc-
cessful 100 per cent renewable energy regions (Ökologisches Wirtschaf-
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ten 2011) or from the Transition Town movement (Hopkins 2011) are an 
indicator that shared targets — including of a qualitative nature — can have 
an impact on actors’ behaviour. The connection of abstract quantitative 
reduction targets to positive visions of future life appear to be particularly 
important in this case. Such exemplars closely link the technological level 
of transformation to economic, social and, in particular, cultural dimen-
sions. They often emerge in close participation with key actors from the 
region or city.

Experiments and diffusion:  
generating transformation knowledge  

and learning in real laboratories

Based on an analysis of the challenges of the energy transition in the build-
ing sector and with regard to the goals to be achieved, the third — main — step 
involves generating transformation knowledge that facilitates an actual 
change process, using specific strategies for action and policy instruments 
as well as technological and social innovations.

In this respect, the generation of transformation knowledge requires 
the use of experiments, because human-environment systems are com-
plex systems. In contrast to a complicated system, complex systems can-
not be steered according to a causal ‘if-then’ logic, even if extensive knowl-
edge exists on the different system components. They are marked by a high 
degree of dynamics, a wide range of interactions within the system, and 
changing basic conditions. In this way, policy instruments, for example, 
often fail to achieve the desired effect, or technological innovations are 
developed that go on to produce unintended consequences. For this rea-
son, it is necessary to have an intermediate step that bridges the discrep-
ancy arising here between problem or system analysis and the target vision:

‘For the most part, complex learning processes and comprehensive 
innovations are not initiated based on the quality of the various crisis diag-
noses and cause analyses, but only through the establishment of convinc-
ing new orientation offers and action concepts (Wiesenthal, 1995), and the 
opening up of experimental platforms which allow the familiar to be rear-
ranged into something new (Johnson, 2010)’ (WBGU 2011, p. 256).
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(Schneidewind & Scheck 2013, p. 241, based on Groß et al. 2005, p. 19)

Experimentation with and trying out potential solution options requires 
a high degree of refl exivity. Since it is virtually impossible in many cases 
to assess the effects of technological, social or institutional innovations in 
advance, experimentation with these effects must also be repeatedly ver-
ifi ed to determine whether they do in fact help resolve a problem, which 
unexpected and unintended dynamics emerge, and how lessons can be 
learned from previous experience.

Consequently, transformation and transformative research also gives 
research itself a new role if it becomes actively involved in change pro-
cesses along the lines of an experimental turn. This takes place via 
established methodological approaches, such as intervention or action 
research. A new concept that has emerged primarily in the context of 
sustainability-oriented transformation research is the real-world experi-
ment or research in real-world laboratories. These are research contexts 
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in which researchers from different disciplines and practice partners 
work together to solve specific problems in the spirit of the co-design and 
co-production of knowledge. In the process, research not only contrib-
utes its discipline-based specialist knowledge, but can also provide infra-
structures for experiments and ensure reflexivity in the process along the 
lines of extended scientific guidance (Schneidewind et al. 2016; Wagner & 
Grunwald 2015; de Flander et al. 2014). 

As understood in the context of sustainability-oriented transformation 
research, real-world experiments can be designed in very different ways. 
They may include and address different target groups; they may differ from 
each other with regard to content and topics; and they may refer to a very 
specific or a more diffuse geographical area. In the typology of experi-
mentation, Groß et al. (2005) differentiate between whether experiments 
have been conducted under controlled conditions or in a situation-specific 
manner and whether they serve the purpose of generating knowledge or 
applying it (cf. Groß et al. 2005, p. 19).

Using the processes of co-design and co-production, the academic 
insights gained from problem and system analysis are combined with 
the expertise of relevant local actors and their know-how. The goal is to 
develop a design for the experiment that is able to address the previously 
identified problem4. The process finally results in an intervention, a qua-
si-experiment or a field experiment supported by researchers. The sup-
port provided to the experiment can be of an observatory nature, or of 
an organisational or executory nature. In an experimental process under-
stood in this way, the role of science is therefore an active one in which 
it is neither possible nor desirable to draw a strict boundary line between 
the system and the observer5. 

The concept of real-world experiments in sustainability-oriented trans-
formation research is embedded in contextual normativity. Despite dif-
fering with regard to the process, target group and topic, it is ultimately 
always about the same overarching question: to what extent does inter-

4 With regard to criteria for real-world laboratories, see MWK Baden-Württemberg 2013: p . 30 .
5 Concerning this, compare also Schneidewind 2014, p . 2 .
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vention in the experiment contribute to a sustainability-oriented transi-
tion process?

For this reason, cities and neighbourhoods are ideal as settings for real-
world experiments, because the different components of human-environ-
ment systems, different areas of need and stakeholder groups actively 
come together here, meaning that ‘developments in society as a whole 
can be more or less observed in the test tube and findings upscaled to 
higher levels’ (Schneidewind & Scheck 2013, p. 242). 

In sum, the aim is always to create socially robust knowledge in the 
context of a real-world problem and to learn from experiments, simul-
taneously creating knowledge that can be transferred to other contexts. 
Moreover, as the final phase of the transition cycle, the point of diffusing 
transformation knowledge is to translate it into policy instruments, which 
currently represent the main medium for accelerating the energy transi-
tion in buildings. The most recent refurbishment rates demonstrate the 
need for broader transformation knowledge, in addition to the established 
policy instruments, in order to successfully achieve the energy transition 
in buildings. The EnerTransRuhr project takes this as its starting point by 
combining innovative methods of knowledge integration in an integrated 
project design. The next chapter gives an overview of this by providing 
a selection of insights about the approaches adopted for the project and 
the resulting outcomes.
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3 
The city and  

the neighbourhood as 
boundary objects



Understanding of transformation processes necessitates new compre-
hensive concepts and methods. The transformation of neighbourhoods 
and buildings is an excellent field of application. In this chapter, this field 
therefore represents the thematic reference for presenting and discussing 
the specific application and shaping of a transformative research design 
for generating system knowledge, target knowledge and transformation 
knowledge. This takes place along the four steps described above: prob-
lem analysis, vision development, experiments and diffusion. During the 
first two phases, relevant system knowledge and target knowledge is gener-
ated, which in turn creates a scientific basis for the implementation phase 
involving experiments (interventions) and diffusion processes (models). 

Three cities of the Ruhr Area — Oberhausen, Dortmund and Bottrop —  
served as practice partners and areas of investigation and experimenta-
tion in the EnerTransRuhr project. All of the surveys, analyses and exper-
iments conducted within the project took place in these three cities. In 
terms of content, the investigation focused not only on the decision-mak-
ing processes of different groups of real estate owners concerning energy 
refurbishment, but also on the heating and ventilation habits of individual 
households. The key activities and results generated in the project will be 
presented below as a specific example of how the concept of transform-
ative science is used. Emphasis is placed on the synthesis of the results, 
which were generated at different levels (German federation, federal state, 
city, neighbourhood, household, individual) and using very different meth-
odologies (both quantitative and qualitative) during the project. The com-
mon study areas enable the different findings to be aggregated into an 
overall picture. This way, it is possible to identify interfaces as well as the 
scope of the different methodologies.
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3.1 System analysis using the example  
of energy refurbishment  

and energy savings in residential buildings

A system analysis on the topic of the energy transition in buildings is a 
comprehensive matter if the interaction between policy, structural condi-
tions and possibilities, relevant actor groups and the people who have a 
stake in the individual building (ownership and use) are to be considered 
as a whole. It means analysing the interrelations between different policy 
and spatial levels, between different groups of persons, between individu-
als, and between different policy issues. 

‘Only’ one part of the energy transition in the building sector is con-
sidered by focusing on the topic of the ‘energy refurbishment of build-
ings’ — one specific type of energy (heat) and just one of the many different 
types of buildings (residential buildings). Even then, there is no guarantee 
of completeness. Each of the areas and topics taken into consideration and 
analysed involve details and aspects that, taken together, would exceed 
the scope of this book. The aim of this section is to outline a system analy-
sis based on the understanding of a transformative research design and to 
identify the key factors and dynamic interactions on the basis of a specific 
object of investigation (energy refurbishment of residential buildings). In 
this context, the following individual components of the overall system 
are described: 

 ◆ Structural/technical refurbishment potential

 ◆ Economic/social refurbishment potential

 ◆ Energy saving potential

 ◆ Policy instruments 

 ◆ Ownership structure

 ◆ Contexts: people in the city and the neighbourhood.
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Structural/technical refurbishment potential

A technical system analysis must be undertaken to identify the structural/
technical refurbishment potential. During such an analysis, the researcher 
considers existing infrastructures, technological solutions, their interde-
pendencies, and the resulting ecological potential. 

Taking such a perspective, the next section takes into consideration the 
existing building stock in Germany and the resulting energy refurbishment 
potential. The examination is based on the dena Building Report (dena 
2015) and the findings generated by the Institut für Wohnen und Umwelt 
(Institute for Housing and Environment, IWU) with regard to the building 
typology in Germany (IWU 2010). In addition to containing key data on 
the energy performance of Germany’s buildings, the dena Building Report 
also considers ownership and tenant structures as well as the framework 
conditions related to energy efficiency in buildings. The Building Report 
was first published in 2012, and is updated annually. A building typology 
enables the building stock to be classified in terms of energy efficiency 
with the aim of assessing them from an energy perspective and demon-
strating typical modernisation options. The current version of the typol-
ogy also takes into account residential buildings constructed post-2010, 
which were subject to the new requirements of the Energy Saving Ordi-
nance (EnEV) that came into effect in autumn 2009 (low-energy houses as 
the standard) (IWU 2015).

Around 70 per cent of all buildings are detached and semi-detached 
houses. And yet their energy consumption makes up only around 40 per 
cent of the total energy consumption in the building sector because mul-
tiple dwellings and non-residential buildings have a much greater area 
per building. Around two-thirds of the current building stock were con-
structed without any requirement to take standards of energy efficiency 
into account. New buildings in Germany only became subject to minimum 
requirements concerning energy efficiency when the first Thermal Insula-
tion Ordinance entered into force on 1 November 1977. It is thanks to tech-
nical progress and the setting of gradually tighter thermal insulation stand-
ards that newly constructed buildings now consume much less energy. 
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In fact, they consume less than a quarter of the energy required by build-
ings constructed pre-1978.

According to the most comprehensive survey on the energy perfor-
mance of the building stock to date, undertaken by the Institut Wohnen 
und Umwelt, only a small proportion of detached and semi-detached 
houses in Germany have thermal insulation: whereas almost 80 per cent 
of all roofs or top floor ceilings are already insulated, only around 40 per 
cent of outer walls and floors/basement ceilings are insulated, respectively 
(IWU 2010). Large amounts of heat are unnecessarily lost in particular due 
to the low percentage of insulated outer walls. 

The figures are even worse in the case of multiple dwellings: with this 
type of building, 70 per cent of roofs and top floor ceilings, 40 per cent of 
outer walls, and only 30 per cent of floors or basement ceilings are insu-
lated. Double glazing is dominant in the entire building stock. Single glaz-
ing is very rare (around four per cent).

Gas is used as the primary energy source for producing heat in around 
half of all residential buildings in Germany. Approximately 30 per cent use 
heating oil. The remaining 20 per cent of residential buildings use district 
heating, biomass, coal or electricity for heating purposes (BMWi & BMUB 
2010). A closer look at the distribution of heating systems in new residen-
tial buildings reveals that there will be a major shift in the share of energy 
carriers used for heating in the future: according to the German Associ-
ation of Energy and Water Industries (BDEW), more than 20 per cent of 
heating systems are heat pumps, whereas heating oil makes up just less 
than one per cent (BDEW 2015).

From a structural perspective, therefore, the refurbishment potential in 
Germany is still far from having reached its full potential. However, there 
are limitations: listed buildings and façades worth preserving that may not 
be insulated from the outside. In such cases, the possibilities to under-
take interior insulation are limited by structural/physical and design con-
straints. It is ultimately also a question of whether the residents can do 
without the area and space that would be lost following interior insulation. 
Area and space can also limit the possibilities in the case of exterior insu-
lation. A basement ceiling can only be insulated if the room height permits 
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it. Outer walls and ceilings that act as a thoroughfare must continue to have 
the necessary clearance height and width. There may also be problems if 
the insulation of an outer wall located at the property line protrudes onto 
the neighbouring property or into public space, such as onto the pave-
ment. Many federal states have ruled that such an ‘overstepping of bound-
aries’ must be tolerated in the case of energy refurbishment if they cause 
little or no interference with the adjacent property. However, there are lim-
its to the duty of tolerance. In 2011, Beuth University of Applied Sciences 
and the Institute for Energy and Environmental Research (ifeu) estimated 
that these technical and legal restrictions made up five per cent of the heat-
ing energy demand of the entire building stock in Germany. In the study’s 
three scenarios, involving different rates and depths of refurbishment, the 
proportion of heat losses due to insulation restrictions will increase to 
between 17 and 28 per cent of the heating energy demand by 2050 (Beuth 
Hochschule, ifeu 2012, p. 141).

Economic/social refurbishment potential

That is all that needs to be said at present about the ‘constructed’ part of 
the human-environment system of residential buildings that can be refur-
bished. However, a purely technical system analysis is insufficient for gain-
ing an understanding of the potential for transformation in the building 
sector. It must be complemented by social and economic aspects. In the 
building sector, decisions and considerations for or against energy-effi-
ciency refurbishment measures can be differentiated according to owner-
ship and use structures. 

The majority of dwellings in Germany are not used by the owner, but 
are rented out for residential purposes. Thanks to the 2011 Census in Ger-
many, comparatively up-to-date information can be provided on this mat-
ter (Statistische Ämter des Bundes und der Länder 2015). For Germany as 
a whole, almost 43 per cent of dwellings are used by the owner, and some 
52 per cent are rented out. The remaining share of dwellings are either 
empty or are used as holiday apartments. If urban spaces are considered, 
this difference increases even further. In German cities, i.e. places with 
more than 100,000 inhabitants, 71 per cent of dwellings are rented out for 
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residential purposes. Only 25 per cent of dwellings are used by the owner. 
The Ruhr Area, which served as the area of investigation for the project 
and was therefore the basis for preparing this book, had a relatively high 
home ownership rate for a conurbation, at 32 per cent. The proportion of 
rented dwellings is 64 per cent. 

Approximately 80 per cent of owner-occupiers’ residential units are 
detached and semi-detached houses, only 20 per cent are located in mul-
tiple dwellings. The opposite applies in the case of rented dwellings. Con-
sequently, the energy refurbishment of the building stock is more or less 
equally in the hands of landlords and owner-occupiers. These two groups 
differ considerably in part in terms of their motivation to undertake energy 
refurbishment measures. There are also very different decision-making 
processes within these two groups. Municipal housing companies may 
pursue different considerations to those from the private sector, which in 
turn differ to those of private landlords. The question of ‘Is it worth while?’ 
is far more than a purely economic consideration. In addition to the theo-
retical potential of structural/physical and technological energy efficiency, 
therefore, there is also an individual, economically and socially driven 
refurbishment potential, which will be addressed in further detail below.

Still, what do we know about the factors that influence the decision-mak-
ing process of home and apartment owners and that ultimately lead to 
the implementation of energy refurbishment measures? And how can the 
measures be reconciled with residents’ behaviour so that efficiency poten-
tial also leads to absolute savings?

The decision-making process of owner-occupiers and landlords can be 
roughly divided into two main elements. First and foremost is an event that 
causes the owner to consider whether to undertake refurbishment meas-
ures. Subsequently, a decision is taken about the type and scope of the 
measures.
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Owner-occupiers

In order to understand the action and transformation logic behind these 
decisions, one must take a closer look at the motivations of different stake-
holder groups, in this case ‘owner-occupiers’, ‘communities of owners’, 
‘landlords’ and ‘tenants’. In the context of the transformative project design, 
understanding the motivations and decision-making processes enables 
a translation to (agent-based) models, which then allow the interaction 
between a large number of individual decision-makers and their dynamics 
to be considered together (see Chapter 4). In addition, it was also the foun-
dation for identifying target groups in the real-world experiments (see Sec-
tion 3.3). Events that induce homeowners to consider possibly undertaking 
refurbishment measures are, primarily, the purchase of an old house and 
inheritance of the family home, routine maintenance, a conversion, or an 
extension being added to the building (Stieß et al. 2010). These events are 
predominantly linked to the execution of measures that do not result in an 
improvement in the energy efficiency of the building. Examples include 
renovating the façade or cladding the roof. Since energy refurbishment 
measures are mainly combined with such measures, the aforementioned 
events often trigger the implementation of energy refurbishment measures. 
This is mainly because a multitude of obstacles that the exclusive imple-
mentation of energy refurbishment measures brings with it are diminished 
or even dismantled by combining them with refurbishment measures that 
had already been planned or become necessary. 

Arguments regarding the cost effectiveness of energy refurbishment 
measures are often mentioned in this context. For example, it usually pays 
to enhance the energy efficiency of a building in the majority of cases, 
due to the energy costs saved during the service life of the building. And, 
indeed, it is easier to present the cost effectiveness of energy refurbishment 
measures if the costs that would be incurred in any case can be deleted 
from the calculation. Examples of such costs include those incurred for 
erecting the scaffolding needed to renew the roof or the façade. 

However, the influence of non-economic factors should not be ne-
glected either. Based on the principle of the foot-in-the-door technique, 
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any previous decision to undertake refurbishment measures has a positive 
impact on the decision to additionally install thermal insulation. Combin-
ing measures can also considerably reduce the perceived expenditure of 
time and other inconvenience associated with the installation of thermal 
insulation. If the events mentioned had systematically also been used to 
carry out energy refurbishment measures, then we would already have an 
energy refurbishment rate of almost two per cent (IWU 2010). 

Thus the excellent opportunity of combining the installation of ther-
mal insulation with refurbishment measures arising in any case does not 
suffice in many cases for homeowners to decide in its favour. Friege & 
Chappin (2014) demonstrate that the current mix of policy instruments 
does little to change this situation. Too much attention is paid to the eco-
nomic dimension of thermal insulation (Friege & Chappin 2014). And yet 
surveys demonstrate the important role played by non-economic factors 
in the decision of homeowners as to whether or not to have energy refur-
bishment undertaken for their buildings. For example, a survey conducted 
by Stieß et al. (2010) revealed that homeowners view energy refurbish-
ment less as an investment decision than as a strategic consumer deci-
sion (see also Section 3.2 on target knowledge at the individual level). In 
addition, the socio-economic situation, stage of life, and structural require-
ments only have a small impact on the type of refurbishment decision. 
The results of the survey show that attitudinal factors (motivations, barri-
ers and attitudes) have the greatest impact on the refurbishment decision 
(Stieß et al. 2010).

In the information age, it is virtually impossible to undertake a pre-selec-
tion of the sources of information used by homeowners for opinion-form-
ing. Studies such as that by McMichael and Shipworth (2013) conclude 
that, above all, interaction in social networks influences information flows 
and validates or denies information (McMichael & Shipworth 2013). How-
ever, homeowners are rarely experts in the area of energy refurbishment. 
Coupled with the complexity of the topic, this had led to the emergence of 
a whole string of myths that are disseminated via social networks or in the 
media, and that could discourage homeowners from deciding in favour of 
thermal insulation measures.
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A special case of ownership:  
communities of owners 

Communities of owners in multiple dwellings represent a special case with 
regard to the implementation of energy refurbishment measures under-
taken to the owner-occupied property. According to the German Condo-
minium Act (WEG) passed in 2007, an energy refurbishment is a ‘mod-
ernisation repair’. As such, only a simple majority of the condominium 
owners is required to implement such measures. According to the new 
law, therefore, the investment objective of a whole housing community 
can no longer be blocked by a single condominium owner.

Nevertheless, special obstacles exist in the case of communities of own-
ers. The roof, outer walls and basement ceilings are subject to common 
ownership, and the community must agree on measures to boost their effi-
ciency. Since, however, owners’ meetings are generally held rather infre-
quently, decision-making processes take much longer than in the case of 
owner-occupied homes: depending on the number of residential units, 
a lot of people must be informed before a decision can be taken. For the 
committee or property management, this means procuring, preparing and 
forwarding information, obtaining tenders and, finally, putting the measure 
to the vote. This is compounded by the fact that some measures are bene-
ficial to individual parties, but must be financed by them all, which could 
mean that they may be more difficult to enforce. For example, only the top 
dwellings will benefit from roof insulation, whereas only the ground floor 
will benefit from insulating the basement ceiling. 

Another point is the question of financing. Under certain circumstanc-
es, even individual measures may go beyond the scope of a community 
of owners’ reserve for renewals and replacements. In this case, addition-
al financing may take place via a special payment which, however, may 
constitute an excessive burden on low-income households. The alterna-
tive option of securing a loan to finance the measure remains difficult for 
communities of owners to this day. The problem was that credit institu-
tions usually required every individual owner to bear joint and several lia-
bility, i.e. each individual was responsible for the whole amount of the 
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loan. This way, the banks protected themselves against the possibility of 
individual parties being unable to pay for their share of the loan. However, 
this meant a certain financial risk on the part of the individual household, 
which not all households are likely to be willing to bear in a communi-
ty. Only in recent years have a number of federal states decided to secure 
loans for communities of owners with guarantees in a bid to increase refur-
bishment activities in the area of multiple dwellings. Some banks have also 
developed special loan products specifically for communities of owners. 
However, such products are the exception to the rule.

Landlords: the decision-making process  
and (personal) decision factors 

If the ambitious targets of an energy transition in the building sector are to 
be achieved, building owners who rent out their property must also make 
their buildings more energy-efficient. First of all, the question arises as to 
whether the findings discussed in the previous section can be transferred 
to building owners who rent out their property. Unfortunately, this ques-
tion must be answered with ‘no’. A closer look at the above-mentioned 
elements of the decision-making process, i.e. an event leading to thoughts 
about an energy refurbishment and the actual decision-making process, 
reveals considerable differences to homeowners. Not unlike the case of 
the homeowner, a change of user (in this case, therefore, the tenant) is 
a good opportunity that is often used to consider modernising the resi-
dential unit. However, a large proportion of rented residential units are in 
multiple dwellings. For this reason, it will only rarely be the case that all 
residential units experience a change of tenants or are empty at the same 
time — and if that is indeed the case, then the building owner ought to real-
ise of his own accord that action must be taken to improve the property. 
The much more frequent case of just one or a few residential units expe-
riencing a change of tenants while the other apartments in the building 
continue to be used by the previous tenant implies that there will only 
rarely be a specific event that gives rise to a comprehensive refurbish-
ment. In many cases, therefore, extensive energy refurbishment measures 
must be carried out while the majority of the residential units continue to 
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be occupied. Compared to simple maintenance work (such as painting 
the façades), extensive energy refurbishment measures usually impose 
considerable and protracted restrictions on the residents in the build-
ing — especially dirt and noise. Although Section 555d of the German Civil 
Code (BGB) states that a tenant must tolerate modernisation measures, the 
coordination effort required by the landlord and the possible resentment 
felt by tenants constitute an obstacle. This obstacle is one of the reasons 
why the events prompting landlords to contemplate energy refurbishment 
measures are rarer and less clear.

A landlord’s decision-making process also differs considerably to that 
of an owner-occupier. In the case of a building owner who rents out his 
property, therefore, the decision in favour of energy refurbishment meas-
ures may already not be a strategic consumer decision because he does 
not occupy the energy refurbished building or residential unit himself 6. 
The costs of the energy expended for supplying space heating count as 
running costs and must therefore be paid by the tenant. As such, ten-
ants benefit directly from the reduced energy consumption and costs 
achieved through the energy refurbishment measures. However, meas-
ures to improve the energy efficiency of the building constitute changes to 
the rental property. This means that building owners must bear the costs 
of these improvements. This discrepancy between the payer and the ben-
eficiary is discussed in detail in the academic literature under terms such 
as the user/investor dilemma or the tenant/landlord dilemma, without a 
panacea having yet been found (Neitzel et al. 2011).

In addition to the Energy Saving Ordinance (EnEV), which is applica-
ble to all residential buildings irrespective of the type of use, and the sup-
port of energy efficiency refurbishment measures by the KfW, which build-
ing owners who rent out their property may also utilise, tenancy laws are 
the most important instrument used by the political sector to attempt to 
offer landlords incentives to undertake energy refurbishment measures. 
This choice is a direct consequence of the tenant/landlord dilemma. After 

6 This disregards cases where the building owner uses one apartment and rents out other residential 
units in the building .
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all, there should be a way for building owners who rent out their property 
to have some kind of return on their investment. And since this can pri-
marily be achieved by increasing the rent, legislators have granted land-
lords such a possibility. For example, Section 559 BGB permits the land-
lord to increase the rent by 11 per cent of the costs spent on modernising 
the dwelling if they have led to the sustainable saving of energy. It must be 
noted in this regard, however, that only modernisation costs may be allo-
cated. Any maintenance costs must be deducted from the overall costs 
of an investment. In this regard, the proportion of maintenance costs is 
assessed on a case-by-case basis. Neitzel et al. (2011) discuss the mod-
ernisation costs as a proportion of the whole amount invested in detail. 
In this regard, the proportion of the apportionable costs depends strongly 
on the type of measure implemented and is over 90 per cent in the case 
of installing insulation to façades, intermediate floors and basement ceil-
ings, whereas much lower values (40 to 50 per cent) can be found in the 
case of replacing windows and heating systems. In the event of a com-
plete energy modernisation covering all of the aforementioned measures, 
around 60 per cent of the modernisation costs would be apportionable. 
Nevertheless, we initially want to continue assuming at this point that ten-
ancy laws offer a good incentive for energy refurbishment measures. After 
all, the investments made can be refinanced within a period of around 
ten years. On closer inspection, however, a much more complex picture 
emerges in which the incentives for individual landlords are not so clear.

In his decision-making process, the landlord will usually not only con-
sider permissibility under tenancy laws, but will also reflect on the eco-
nomic impact of his decision. In this context, the following two questions 
mainly arise: will I be in a better position if my dwelling is refurbished than 
if it is not refurbished? Will the market enable me to get the rent I desire 
(and require for refinancing)? These two questions can only be answered 
if numerous variables are considered — the future development of which is 
likewise relevant for decision-making, adding to the uncertainty and com-
plexity. In addition, the development of these variables is highly depend-
ent on the behaviour of third parties. These factors will be explained in 
the next section.
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Landlords: external framework  
conditions related to the refurbishment decision 

The question of whether a landlord will be better off economically, or at 
least not worse off, following an energy refurbishment is closely connect-
ed to how the rentability of his dwelling can be assessed based on the 
given market conditions. First of all, two extreme cases can be consid-
ered which, related to the total number of dwellings, ought to occur com-
paratively rarely. The first case concerns landlords who are faced with the 
challenge of being virtually unable to rent their dwellings. This is usually 
a result of a combination of outdated accommodation and a low demand 
for housing. The landlord then has the option of having the building exten-
sively modernised, which is usually expensive, or having the building dis-
mantled (at the cost of ensuring traffic safety and demolishing the build-
ing). Such cases, which are mainly observed in rapidly shrinking regions 
of Germany, are a particular challenge and politicians continue to search 
for effective instruments to counter this phenomenon (Schiffers 2009). The 
other extreme case occurs in housing markets featuring a rapidly grow-
ing demand for housing. In this case, modernisation projects can be used 
to appeal to a different rental segment following the modernisation. Con-
sequently, these refurbishment projects are not merely for the sake of im-
proving energy efficiency, but are also linked to raising the quality of the 
accommodation. This phenomenon is often discussed within the context 
of luxury refurbishment and gentrification (Knight 2016). In both cases, the 
demand for rental apartments is a central framework condition for the land-
lord’s decision. This decision will be largely determined by the number 
of households and the demand for housing, which in turn are the result 
of a variety of economic and social developments. In particular, these in-
clude income development, trends regarding the composition of the pop-
ulation in terms of numbers and age structure (demographic change) and 
the shaping of professional arrangements and individual lifestyles. There 
is a tendency towards smaller average household sizes and therefore a 
larger number of households due to aspects such as increasing divorce 
rates, a larger number of long-distance relationships as a consequence 
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of career flexibility, and the weakening of traditional family structures 
and residential models due to the wish for greater independence and self- 
realisation, made possible by higher incomes. Moreover, tenants’ comfort 
needs also change as they get older, resulting in a shift towards a demand 
for high-quality dwellings for elderly people. Consequently, decisions by 
landlords based exclusively on considerations of profitability must always 
be considered in the context of socio-demographic developments and 
their characteristics in the relevant local rental markets. Distinguishing 
from the above-mentioned extreme cases, we wish to concentrate below 
on the decision-making processes of landlords who are not facing the dif-
ficult choice of whether to modernise or write off their property, and who 
do not want to use the modernisation process to access a different market 
segment.

We therefore now have the case in which a landlord wishes to mod-
ernise his residential building (from an energy perspective), but who is 
not in a situation where the residential building is unused and who does 
not intend to rent out all dwellings to new tenants at a higher rate after 
the refurbishment. His economic incentives will then depend on the sit-
uation of the rental housing market. In order to comprehend all this, one 
must first consider which possibilities landlords have to increase the rent. 
One possibility is to agree on a stepped rent (Section 557a BGB) or an 
indexed rent (Section 557b BGB). In the first case, the rent is increased 
annually or even less frequently based on a contractually agreed scheme. 
In the second case, the annual increase of the rent is usually based on the 
increase in the price index determined by the Federal Statistical Office. 
If stepped rent has been agreed on, it is not possible to apportion modern-
isation costs in accordance with Section 559 BGB, whereas this possibil-
ity is open to landlords who opt for indexed rent. Another option, and the 
one that is most frequently used7, is to increase the rent to the local refer-
ence rent in accordance with Section 558 BGB. The local reference rent is 
determined in a rental table for the relevant regional and substantive sub-

7 Cischinsky et al . (2015) determined for tenancy agreements with private owners of dwellings that 
a stepped or indexed rent was agreed on in only ten per cent of cases .
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markets. A rent can be increased to the local reference rent at 15-month 
intervals. The law also provides for a cap on rent increases, meaning that 
the rent may not increase by more than 20 per cent within the space of 
three years. 

It soon becomes clear from this why the (economic) incentives for 
energy refurbishment measures in tight rental housing markets with a con-
siderable increase in the local reference rent are low. Carrying out ener-
gy-efficiency modernisation permits the landlord to increase the rent by 
11 per cent of the modernisation costs — but in this case, however, the land-
lord must in fact also bear costs. In contrast, landlords who do not have 
any modernisation measures undertaken can regularly increase the rent 
without having to incur considerable costs, in the event of an increase in 
the local reference rent. If the increase in the local reference rent reaches a 
value that corresponds to 11 per cent of the modernisation costs incurred 
before the end of the payback period (i.e. within around a decade), the 
landlord who has undertaken refurbishment measures cannot expect to 
achieve the full amortisation of his investment and he will have to bear 
some of the costs himself. A significant increase in the local reference 
rent is not unlikely, particularly in tight rental markets. Since, however, the 
expectation formation with regard to the increase in the local reference 
rent is subject to significant uncertainties for every market participant and 
is dependent on many exogenous factors (yet to be discussed), given 
that the residential building is rentable, the decision to invest in extensive 
energy modernisation measures is not only improbable in the case of risk-
averse landlords.

A different situation arises in cities with a relaxed rental housing mar-
ket: even though landlords can only expect a small increase in the local 
reference rent, they are still uncertain whether they will be able to refi-
nance the investment made. A relaxed rental housing market is character-
ised by comparatively high vacancy rates and a slight increase in the rent 
level. In this case, then, the landlord will wonder whether he will be able 
to enforce the rent increase on the market. Will the present tenants accept 
the increase in the basic rent or can new tenants be expected to be found 
in spite of the increase in the basic rent?
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Going back to the tenant/landlord dilemma, the question can be asked 
in this context as to whether the tenants have an economic interest8 in the 
energy modernisation of their dwelling. They would have an economic 
interest if the energy modernisation of their residential building reduced 
their housing costs (i.e. the sum of the basic rent and running costs): do 
the energy costs saved by the energy modernisation suffice to compensate 
for the increase in the basic rent? Unfortunately, it is not easy to answer 
this question because the costs of energy modernisation measures vary 
considerably from case to case, and the energy costs are also determined 
by user behaviour. There is also a high degree of variation in the estimates 
and empirical surveys of average refurbishment costs — which is under-
standable, considering the large variance in the (energy) status of existing 
buildings. Nevertheless, on the basis of recent studies, it can be estimated 
that, given the current level of energy prices, an energy modernisation 
would signify an increase in housing costs for the tenants (insofar as the 
landlord takes full advantage of the scope for rent increases stipulated in 
Section 559 BGB). Neitzel et al. (2011) calculate a potential increase in 
the basic rent of €2.08 to €2.70 per square metre per month for an exem-
plary modernisation project for a 1950s building, depending on the desired 
standard of energy efficiency. Given current energy prices, however, the 
decrease in energy costs is only €0.88 to €1.309 per square metre. In a 
similar fashion, on the basis of empirical data for Berlin, Hentschel and  
Hopfenmüller (2014) determine a median increase in the basic rent of 
€1.55 per square metre per month following energy modernisation meas-
ures. In the cases where relevant data existed, these costs were offset by a 
maximum energy cost saving of only €0.50. On the basis of model calcula-
tions for the case of full refurbishments, Pfnür and Müller (2013) even deter-
mine an increase in housing costs of €2.10 to €2.60 per square metre per 
month. But even under the more moderate assumption that there would be 

8 The numerous co-benefits of an energy modernisation (such as better living conditions) are initially 
disregarded here .
9 These values are yielded when the difference between the energy demand before and after the 
refurbishment is used for the calculation . If the difference between the average energy consumption 
before the refurbishment and the energy demand after the refurbishment is used in the calculation, the 
energy cost saving decreases to between €0 .27 and €0 .70 per square metre per month .
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an average increase in housing costs for tenants of €1.00 per square metre 
per month in the case of energy modernisation measures and a complete 
allocation of modernisation costs, it becomes clear that tenants will only 
benefit financially from an energy modernisation in specific cases. As long 
as there is no significant increase in energy costs — which could be sup-
ported politically, for example, by introducing a carbon dioxide tax — the 
allocation of the costs of an energy modernisation will often be a distribu-
tion of burdens.

When considering landlords’ decision-making processes, it must also 
be taken into account that building owners who rent out their property are 
not a homogenous group. Private individuals with a portfolio containing 
only a few residential units operate on the rental housing market alongside 
large, listed commercial housing companies. The information contained 
in the 2011 Census only enables a statement to be made with regard to the 
total number of dwellings, i.e. including those used by the owner (Statis-
tische Ämter des Bundes und der Länder 2015). For Germany as a whole, 
around 80 per cent of dwellings are owned by private individuals or com-
munities of owners. Housing associations, municipal and private sector 
housing companies each own just over five per cent. In cities, which have 
a lower home ownership rate, only 67 per cent of dwellings are owned by 
private individuals and communities of owners. Housing associations and 
municipal housing companies each own over 8 per cent of dwellings in 
cities, private sector housing companies own just under 11 per cent. Hous-
ing companies from the private sector play a comparatively large role in 
the Ruhr Area, where they own almost 14 per cent of all dwellings. These 
differences become important when the assumption is made that the deci-
sion-making processes of private landlords differ from those of munici-
pal and private sector housing companies. For instance, it is plausible to 
assume that some private landlords (especially if they are also resident 
in the rented house) are much more emotionally attached to their prop-
erty than commercial companies, where the management decides on the 
further development of a residential property based on economic consid-
erations. It can be assumed that this factor will also be reflected in deci-
sion-making for or against energy modernisation measures. 
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There is a further need for research on these differences in the deci-
sion-making processes of building owners who rent out their property, 
so that they can be defi ned precisely. Leaving that matter aside, it should 
be noted that the energy transition in the area of rented residential build-
ings represents a major transformation challenge. As discussed in this 
section, there has so far been little incentive for landlords to undertake 
energy modernisation measures. New approaches and policy instruments 
are required to change these incentives so that these challenges can be 
met while ensuring the fair distribution of benefi ts and encumbrances.

BOX 1

External wall insulation – 
‘Not in a million years’

Hildegard is 85 years of age, and has been living in her 9-party multiple dwell-
ing in the city centre for more than 50 years. The house, now managed by her 
daughter, was to provide for her and her husband, who has since passed away, 
in their old age. It was home to the family of three children for several dec-
ades.

Since Hildegard had and continues to have a close relationship with her ten-
ants, and since she considers long-term tenancies to be more important than 
maximum returns, they regularly invested in the house. The windows, bath-
rooms and the stairwell were renovated step by step, and currently meet the 
standards required by the demand for rented accommodation. The roof is insu-
lated and the house is connected to the district heating. However, there is one 
thing that Hildegard never considered all those years — having the outer façade 
insulated. This was not for reasons of economy. In fact, Hildegard was wary 
of the risk that her tenants would ventilate the ‘plastic-wrapped’ house incor-
rectly, resulting in mould.
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BOX 2

The energy effi ciency paradox

Ömer is a 50-year-old who, several years ago, inherited a multiple dwelling 
from his parents who came to Germany from Turkey as guest workers in the 
1960s. Neither he nor his parents had contemplated energy effi ciency for a 
long time. Recently, however, he received a voucher from the municipal utili-
ties inviting him to take part in a free thermography campaign. Ömer was sur-
prised by the results. The former exterior corridor of the house leading to the 
inner courtyard, which was converted into conservatories in the 1980s, showed 
up navy blue, a sign that the dwellings had little heat loss. The same happened 
with the windows facing the road, even though they had been installed way 
back in the mid-1970s. The representative from the municipal utilities assumes 
that Ömer’s parents had high-quality windows with a high sound insulation 
standard installed back then. He concluded that there was no acute need for 
action. This assessment was confi rmed by the Energy Performance Certifi cate 
issued subsequently. With a heating energy consumption of around 110 kWh/m2 
(including hot water), the building is less effi cient than a new construction, but 
nevertheless considerably better than the average — despite not having con-
sciously invested in energy effi ciency in recent years.

Potential for energy savings

In order to round out the complex picture of the energy transition in build-
ings, however, not only the theoretical potential for energy measures to 
boost the effi ciency of the building stock as a whole must be considered, 
but also the predictable reduction in the energy demand of individual 
buildings, the economic and individual decision-making processes of the 
people who decide whether or not refurbishment measures shall be car-
ried out, as well as the actual energy consumed by residents. Both factors 
can differ greatly from one dwelling to another, for example, due to the 
composition of the household and the necessary care work associated 
with it, personal circumstances, habits and behavioural routines: a fam-
ily with two small children where the parents spend a lot of time working 
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at home will usually need more energy in the home than a single person 
engaged in gainful activity outside the home.

There may be many reasons why less energy is saved than the cal-
culated values. In this context, a direct rebound effect occurs when the 
energy costs saved by installing thermal insulation are directly invested in 
increasing the indoor temperature. According to Sorrell (2010), the aver-
age direct rebound effects in the area of space heating are between 10 and 
30 per cent. Indirect rebound effects, i.e. reinvesting the monetary budget 
saved in another demand area, are very difficult to calculate, but can even 
lead to backfire effects (Buhl et al. 2015). With space heating, however, the 
indirect rebound effects or compensation are lower in terms of resource 
consumption. If the money saved from reducing the room temperature is 
reinvested, between 29 per cent (Buhl 2014) and 59 per cent (Buhl 2016) 
of the savings are offset in resource consumption. The main reason for this 
is the relatively high resource intensity in the area of housing. If money 
is saved, it is likely that the majority of savings will be used in relatively 
resource-light areas. It is therefore worth while striving to make savings 
in relatively resource-intensive areas such as housing in spite of, or rather 
because of, the occurrence of rebound effects.

Besides rebound effects, so-called prebound effects may also occur. It  
could be the case, for instance, that the actual energy consumption prior 
to the refurbishment is less than the calculated energy demand, further 
reducing the energy saving potential of refurbishment measures (Sunniak- 
Blank et al. 2012). Individual ventilation habits (shock ventilation versus tilt 
ventilation) can result in considerable differences between the calculated 
energy demand and actual energy consumption. Finally, quality assurance 
deficiencies before, during and after the refurbishment can also be the rea-
son for the lack of success in saving energy (co2online 2015).

In connection with economic efficiency calculations for energy refur-
bishments, the significance of deviations between calculated energy de-
mand values and measured energy consumption values is repeatedly  
debated, which constitutes a major element of uncertainty. This can only 
be grasped by considering the factors that determine heating energy con-
sumption in a dwelling or residential building. These factors are primarily 
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the energy performance of the building and user behaviour. In the case of 
multiple dwellings, the position of the dwelling in the building also exerts 
an influence on energy consumption for space heating that should not be 
underestimated (Keimeyer et al. 2016). The energy performance of the 
building can primarily be changed by undertaking an energy refurbish-
ment, i.e. by installing additional insulation, replacing windows and doors, 
and other small-scale measures. It is absolutely impossible to change the 
position of an apartment in a multiple dwelling. The third option is to in-
duce a change in user behaviour. But how does user behaviour influence 
energy consumption, and what effect does user behaviour have on the 
amount of energy consumed? The first factor is the amount of time house-
hold members spend in the dwelling, and the length of time spent away 
from it. Energy consumption is usually higher if the owner or tenant is 
present in the dwelling — and if this is not the case, then it would be all the  
more urgent to change the user behaviour or to set the heating system dif-
ferently.

The second factor is the desired room temperature that should be 
achieved by heating the dwelling. The rule of thumb often heard is that a 
reduction in the room temperature by 1 degree Celsius signifies an energy 
saving of 6 per cent (co2online 2017). The third factor is residents’ ven-
tilation habits. Compared to long-term or even permanent tilt ventilation, 
brief shock ventilation leads to much less energy consumption involving a 
higher air exchange rate. Political action can be taken to influence the last 
two factors. Transformation knowledge to be developed should therefore 
define how residents can be motivated to select a lower room tempera-
ture (this does not apply to households that already use low temperatures, 
see Box 8). In addition, interventions should be identified that improve 
ventilation habits in such a way that they minimise additional energy con-
sumption. Yet the question is: how high is the savings potential that can 
be achieved in this case?

The literature provides a wide range of figures on the actual amount of 
potential savings that can be generated by changing user behaviour. Some 
authors state that a five to seven factor difference can be achieved con-
cerning heating energy consumption in similar buildings with a compa-
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rable heating system (Liedtke et al. 2014). Other studies are much more  
sceptical as to the savings potential that can be achieved by changing 
ventilation habits — also because many households tend to ventilate their 
dwellings too little rather than too much. Based on a comparison between 
calculated energy demand values and determined energy consumption 
values, one investigation concludes that a changed user behaviour can 
have a maximum savings potential of 20 per cent (Keimeyer et al. 2016). 
This assessment is also consistent with a current meta-analysis of stud-
ies that investigate the effect of feedback on household energy consump-
tion. According to this meta-analysis, the feedback measures investi-
gated achieved an average reduction in energy consumption of 8 to 12 per 
cent — although many studies were admittedly included that only explored 
the influence of a feedback on electricity consumption (Karli et al. 2015). 
It can be concluded that many studies agree that user behaviour has a con-
siderable impact on energy consumption — even though the figures were 
wide-ranging, if only on account of their research designs and object of 
investigation in estimating the exact dimension of this impact. This was 
particularly the case concerning the amount of energy that could be saved 
by changing user behaviour (see also, and in greater detail, Section 4.3). 

Ultimately, the question of how much energy was actually saved due 
to which measure — whether due to the energy refurbishment of the build-
ing shell or building technology or due to altered heating and ventilation 
habits — is not only dependent on the next heating bill. In order to gain 
a definitive picture, it must be viewed in the entire life cycle in connec-
tion with the resources used for the measure and the energy required for 
extraction, production, transportation and disposal. It is now accepted 
that energy savings and reductions of greenhouse gas emissions in the use 
phase are several times higher than the production energy and emissions 
(for example, Rodrigues and Freire 2016; Mazor et al. 2011; Schmidt et al. 
2004). The question as to which energy refurbishment measures result 
in which resource implications and to what extent the problem is shifted 
from energy consumption to resource consumption remains largely unde-
termined. It is not apparent which interactions will ultimately arise; they 
often depend to a great extent on the design of the process chains consid-
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ered. Relevant life cycle analyses have addressed this issue using a variety 
of resource efficiency indicators and have so far come to the conclusion 
that insulation strategies can make a significant contribution to material 
efficiency (Becker 2014; Soukup et al. 2012). 

Policy instruments  
for the energy transition in buildings

A policy system analysis must now be conducted in order to identify which 
adjustments can be made within the heating transition in the building sec-
tor. A combination of different policy instruments seeks to speed up the 
energy transformation of the building stock. In Germany, there are three 
main types of instruments to do this at present: regulatory provisions, gov-
ernment support programmes and the provision of information. Under-
standing how they interact is essential in order to be able to identify fur-
ther potential. 

At the highest political level, EU requirements are binding for Germany. 
The ‘Energy Performance of Buildings Directive’ (EPBD) of 2010 and the 
‘Energy Efficiency Directive’ (EED) of 2012 constitute the major regula-
tory frameworks governing the reduction of energy demand in buildings at 
the EU level. These directives give rise to central instruments and targets, 
also for Germany, such as the introduction of the energy performance 
certificate, the requirement that new buildings must meet the standards of 
a nearly zero-energy building by 2020, and that minimum standards must 
be met in the case of extensive renovations. Added to this is the require-
ment to develop an action plan for increasing energy efficiency10.

At the federal level, the central regulatory instrument is the Energy Sav-
ing Ordinance (EnEV). In 2002, the EnEV replaced the Thermal Insula-
tion and Heating Systems Order that had been applicable up till then, and 
has since regulated the requirements applying to the energy performance 
of buildings. The current version of the EnEV has been in force since 
1 May 2014. If changes are made to external building elements in any case, 

10 See https://ec .europa .eu/energy/sites/ener/files/documents/2014_neeap_en_germany .pdf (ac-
cessed on 15 May 2016) .
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the EnEV states that certain limit values must be met for thermal transmit-
tance values (U-values). In addition, in the event of a change in ownership, 
the new owner has a mandatory retrofitting obligation: boilers installed 
before 1 October 1978 must be replaced, and hot water pipes and the top 
floor ceiling must be insulated. The biggest problem of the EnEV is its 
enforcement: in many cases, energy refurbishment measures are not car-
ried out in spite of the obligation to do so (Diefenbach et al. 2005). There 
is a lack of checks and penalties, which is why the EnEV is often called 
the ‘toothless tiger’, an instrument that is unable to develop its impact in 
the present implementation.

The ‘Energy-efficient refurbishment’ promotional programme of the 
KfW Group is the most important financial instrument for speeding up the 
energy transformation of the building stock in Germany. On request, the 
programme enables homeowners to obtain soft loans as well as grants 
for refurbishment measures that improve energy efficiency in buildings. 
Both single measures and complete refurbishments that go beyond the 
standard required by the EnEV are eligible for funding. The amount of 
the grant is based on the efficiency class achieved by the building fol-
lowing the energy refurbishment measures. So far, the promotional pro-
gramme has mainly reached well-informed and highly motivated refurbish-
ers (Albrecht 2010). In addition, municipalities can obtain funding from 
the KfW to develop integrated neighbourhood concepts that identify tech-
nical and economic possibilities for saving energy within the neighbour-
hood. A Refurbishment Manager can be requested for the relevant neigh-
bourhood to ensure the implementation of concepts. 

These programmes are supplemented at federal state level11, in some 
places at the regional level12, by municipalities13 or municipal companies, 
primarily municipal utilities (EnergieAgentur.NRW GmbH 2012). These 
instruments are framed by various approaches to convince homeowners 

11 For example, in North Rhine-Westphalia [http://www .nrwbank .de/de/Landingpages/ 
gebaeudesanierung .html; 15 May 2106]
12 For example, in the Hannover region [https://www .proklima-hannover .de/privat/modernisierung; 
accessed on 15 May 2016]
13 For example, in Düsseldorf [https://www .duesseldorf .de/saga/foerderung/; 15 May 2016]
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of the advantages of energy refurbishment measures (information tools). 
These include local and stationary energy consulting services, advice pro-
vided by the skilled-trade sector, information portals on the internet, TV 
and in the press, and the use of energy performance certificates and heat-
ing bills to raise awareness of the savings potential. These framework con-
ditions and services principally apply nationwide. But how much of this 
information reaches those who are supposed to implement and utilise it? 

A glance at current energy refurbishment activities shows that the instru-
ments used up till now do not yet achieve the desired effect. Measures to 
boost the energy efficiency of the building stock have only proceeded 
slowly. The IWU believes that the energy refurbishment rate is less than 
1 per cent altogether (IWU 2010). This means that, mathematically speak-
ing, around one in one hundred buildings are fully insulated each year, 
whereby roofs and top floor ceilings are insulated more frequently than 
outer walls. The lowest insulation rate can be found in floors and base-
ment ceilings. Windows are replaced at a rate of slightly over 1 per cent 
(IWU 2010). In purely arithmetical terms, the energy refurbishment rate 
must at least be doubled in order to achieve the savings targets. 

The number of energy consultations provided, an important instrument 
for increasing the quality and implementation of measures (see Schüle, 
Bierwirth, Madry 2011), is still below the refurbishment rate. An assess-
ment of consulting cases in the three cities investigated in the EnerTrans-
Ruhr project — Oberhausen, Dortmund and Bottrop — reveals that advisory 
services offered by the Consumer Association and private energy con-
sulting companies funded via the Federal Office for Economic Affairs and 
Export Control (BAFA) are used for 0.05 to 0.1 per cent of all residential 
buildings each year. Even if the services offered by municipal utilities, the 
skilled-trade sector and private energy consulting companies are not con-
sidered here, it can be assumed that consultancy services are not utilised 
in all of the places where refurbishment potential exists or where refurbish-
ments are undertaken14. A field test conducted by co2online reaches the 

14 One exception to this is the project area of the InnovationCity Ruhr Bottrop, in which an extensive 
on-site consultancy initiative was implemented .
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same conclusion. This study revealed that energy consulting was used in 
only one out of three cases in which refurbishment measures were carried 
out in buildings (co2online 2015).

Contexts:  
people in the city and the neighbourhood

Besides capturing the technical and political framework, an extensive sys-
tem analysis also requires an understanding of the relevant stakeholders’ 
actions. And this in turn can only be understood if the contexts in which 
the stakeholders are integrated are also considered. In this respect, there 
are individual stakeholders who make a considerable contribution to shap-
ing the context by taking the initiative to launch change projects. The 
members of this specific stakeholder group are called ‘agents of change’. 
The next section focuses on these agents of change.

If one deals intensely with a topic — such as energy refurbishment, as in 
this case — it can sometimes happen that one notices with amazement that 
there are people who pay only little attention to the topic, in spite of all the 
information, services and news reports about it. The belief that citizens 
have been comprehensively enlightened in this respect — or at least ought to 
be, based on all the widespread information available — is due to a certain 
degree to institutional blindness. In order to understand actors’ systems 
and their motivations with regard to specific decisions, agents of change 
are therefore a particularly interesting group that has been little explored. 

Have you ever carried out energy refurbishment to your home, compre-
hensively renovated rooms, or experienced modernisations carried out 
by your landlord? Then you are aware of the fact that, in addition to being 
a financial burden, such measures also take a lot of time: to obtain the 
necessary information, to plan, to find and coordinate skilled-trade firms 
and, not least, to tolerate the inconvenience caused during the refurbish-
ment phase. Consequently, refurbishments are not suitable for everyday 
life. On the contrary, in fact. The question of ‘How can I motivate people to 
carry out energy refurbishment measures?’ can obviously not be answered 
with information, campaigns and financial incentives alone. In this case, 
a fundamental understanding of decision-making processes, motivations 
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and, not least, social practices may help to bring about or at least aim to 
achieve behavioural change. These are usually closely linked to the local 
situation.

Customary routines must also be abandoned in other areas of exten-
sive transformation and sustainable development, such as in the case of 
nutrition or mobility. It is therefore worth looking beyond the horizons of 
energy refurbishment to gain knowledge of the background and structures 
of new social practices. 

In order to understand what motivates people to engage in something 
and to try out something new, we searched for agents of change in Ober-
hausen and Bottrop within the EnerTransRuhr project — and found them: 
people who work directly or indirectly to achieve sustainability. They take 
innovative action, campaigning for a more sustainable and climate-friendly 
society. Since these agents are active in different fields and each have their 
own individual understanding of sustainability or climate targets, we dif-
ferentiate between implicitly and explicitly sustainability-oriented agents 
of change. Agents with an explicit sustainability orientation consciously 
take motivations of sustainability, environmental and climate protection 
as a basis for their actions, and are often found in social movements such 
as the environmental movement and anti-nuclear movement (Sommer & 
Schad 2014). Agents with an implicit sustainability orientation, on the other 
hand, act in a sustainable manner, but without it being the primary inten-
tion of their actions (ibid.). The aim of gaining a profound understand-
ing of such agents and their socio-technical innovations is to help iden-
tify similar potentials or obstacles in the area of energy-efficient building 
refurbishment. Agents of change accelerate conversion processes, sub-
stantiating and shaping ongoing socio-technological changes, legislative 
processes and market development as consumers, social entrepreneurs 
and investors, citizens’ groups, administrators and politicians (see WBGU 
2011, p. 257). This means that they break existing routines, offer resist-
ance, establish new routines, put alternatives into practice, and generate 
new discourse. 

Even if their commitment cannot be transferred directly to energy refur-
bishment and energy-saving behaviour, a lot can be learned from them 
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about the motivations and dissemination mechanisms of new social prac-
tices and structures (see Section 3.3).

It became apparent with the agents of change investigated that they 
were all dependent on spatial references — to the regional economy, to 
municipal schools or to the neighbourhood in the district — which they 
specifically used for their commitment. All the same, they have to demon-
strate so much flexibility and such great communication skills in this 
respect that they also always have to fall back on contacts outside these 
niches or be able to activate them for their ‘issue’. As a result, they come 
across not only proponents, but also have to deal with conflicts of a tech-
nical and political nature.

Thus an individual’s behaviour causes other people to make similar 
decisions, leading to the decision in favour of energy refurbishment being 
replicated in the social network (Friege et al. 2016). This phenomenon can 
also be described as follows: an individual’s actions change the system, 
which in turn changes the behaviour of individuals. 

3.2 The energy transition as a target vision:  
target knowledge for the heating transition

Target knowledge describes knowledge of desirable target states taking 
into account existing room for manoeuvre and options for action. It is a 
compass for transformation processes, as it were. Target knowledge can 
be dictated by policy or law and can be substantiated scientifically within 
the meaning of sustainability-oriented transformation. A broad spectrum 
of different targets is defined in the context of the energy transition, of 
which the goal of the heating transition in the building sector is a part. 
These are differentiated by time and sector. 

Target knowledge at the national,  
regional and municipal level

The targets of the German federal government with regard to the energy 
transition and climate protection are laid down in the Energy Concept 
2050 (BMWi, BMU 2010). At the federal state level, North Rhine-Westphalia 
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adopted the Climate Protection Act NRW in January 2013. The aim is for 
North Rhine-Westphalia to reduce its total greenhouse gas emissions by at 
least 25 per cent below 1990 levels by 2020 and by at least 80 per cent by 
2050 (Landesregierung NRW 2013). 

Many cities in Germany have also set themselves energy saving and cli-
mate change targets. They share the targets of the German federal govern-
ment and have signed up to municipal or regional climate action plans; 
they are members of the Covenant of Mayors, a European network of cit-
ies15 or Climate Alliance16; and, within the initiative of the Federal Minis-
try for the Environment, Nature Conservation, Building and Nuclear Safety 
(BMUB), they are developing the ‘Master Plan 100% Climate Protection’, 
a concept that aims to reduce CO2 emissions by 95 per cent by the year 
2050. The cities of Oberhausen and Dortmund have also developed cli-
mate action plans containing emission reduction targets. Dortmund aims 
to reduce its CO2 emissions by at least 40 per cent below the base year 
1990 by 2020. The city is also a member of Climate Alliance, which means 
that it has undertaken to halve its 1990 emissions level by 2030 and achieve 
a long-term reduction to a maximum of 2.5 tons of CO2 per person. Ober-
hausen is also a member, and has affirmed the Climate Alliance targets in 
its climate action plan. The city aims to reduce its CO2 emissions by up to 
95 per cent by 2050. Since the start of the project in 2010, the Innovation-
City|model city of Bottrop has set itself the goal of halving its emissions 
in the project area by 2020. 

However, the possibilities and requirements for achieving these goals 
depend on a multitude of overarching trends and development paths in 
different cities and regions. Examples include economic development, 
immigration and emigration and, not least, the existing infrastructure and 

15 The members of the ‘Covenant of Mayors for Climate & Energy’ have set themselves the goal of 
reducing their CO2 emissions by 20 per cent below 1990 levels by 2020 . They present a ‘Sustainable 
Energy Action Plan’ (SEAP) and report on progress made in implementing the measures in the ‘Mon-
itoring Action Plan’ . In 2015, the topic of climate change adaptation was included in the objective of the 
covenant, as well as the pledge to reduce CO2 emissions by at least 40 per cent by 2030 (see http://www .
covenantofmayors .eu) .
16 Klima-Bündnis der europäischen Städte mit indigenen Völkern der Regenwälder e .V . (Climate Alli-
ance) For more information, see http://www .climatealliance .org
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technological possibilities. In some cities in the Ruhr Area, for example, 
where very energy-intensive coking plants and steelworks companies were 
closed down, CO2 emissions have in fact fallen considerably since 1990. 
However, this was not as a result of efforts to combat climate change, 
but was due to structural change in the economy. At the same time, this 
change presents these cities with major social and economic challenges, 
in some cases even to this day. This makes it difficult to implement more 
extensive climate change measures (see März et al. 2013). Other regions 
and cities, on the other hand, are experiencing a significant increase in the 
population. What may be positive for economic development, however, 
signifies greater energy consumption from a climate protection perspec-
tive: in households, traffic and the economy. In order to achieve their cli-
mate change targets, growing cities and regions must step up their efforts 
considerably. 

In addition, objectives, strategies and measures can be found in dif-
ferent policy areas at the national, regional and municipal level that hin-
der each other. Whereas on the one hand, climate change objectives are 
being set out in the area of mobility, transport development plans may, 
for example, provide for the expansion of the road infrastructure for car 
traffic in order to free very busy routes from traffic. The result is that the 
traffic volume tends to continue to increase, and not a strategic avoid-
ance of car traffic involving a shift to environmentally friendly modes of 
transport. 

Such conflicts of objectives are apparent, for example, in the current 
political debate about the housing market. In rapidly growing cities, hous-
ing is generally scarce, let alone affordable housing. The debate has been 
exacerbated by the increase in immigration in 2015 and the associated 
questions of how to accommodate and integrate the refugees. It is esti-
mated that hundreds of thousands of new residential units must be con-
structed each year in the whole of Germany (BMUB 2016). In order to 
ensure that this demand is met as economically and swiftly as possible, 
one of the questions being discussed is whether energy requirements 
applying to new buildings should be lowered. However, the longevity of 
buildings does not only mean increased energy consumption during the 
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construction phase, but also throughout its use. The quality of today’s 
design determines energy needs in the building sector for future decades, 
and hence the ability to meet climate change targets. This clearly shows 
how decisions taken against the background of contemporary, short-term 
developments can impact long-term objectives.

Lively exchange between politicians and researchers is required in 
order to identify such conflicts of objectives, to search for appropriate 
responses, and to translate them into policies. In this respect, the key 
question is how multi-issue and cross-cutting structures can be established 
in policymaking and administration in a bid to bring climate change objec-
tives in line with other environmental policy objectives, social issues and 
economic aspects or to integrate them into existing concepts, visions and 
strategies. 

Objectives at the individual level

It is appropriate to note, as a preliminary point, that a transformation of the 
residential building sector to a lower — and hence more sustainable — level 
of energy demand requires the cooperation of the people who own and 
use the buildings. 

For this reason, the individual actors’ visions that govern their actions 
are also of relevance. In the context of driving transformation to ener-
gy-efficient buildings, visions provide information about the desirable 
states that building owners and users develop with regard to their build-
ing. These desired target states may take entirely different forms or — fig-
uratively speaking — may be measured in other units than the politically 
defined target knowledge. Examples of building owners’ desirable target 
states with regard to their residential building include achieving a high 
standard of living, preserving the value of the building, having to pay low 
energy and additional costs and (in the case of building owners who rent 
out their property) a regular rental income. 

Visions can likewise be identified for the users of residential buildings. 
This group also includes tenants who are the users, but not the owners of a 
building. Users’ desirable target states usually overlap with those of build-
ing owners (such as a high standard of living, and low energy and addi-
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tional costs). For building owners and users alike, it is the case that visions 
are formed in complex interaction processes and are therefore influenced 
by other actors’ ideas.

But what target visions can building owners and users have with regard 
to energy refurbishment? 

At this point, the case of owner-occupiers shall be considered. What 
motivates them to make their residential building more energy efficient? 
What objectives to they specifically pursue? Studies have brought to light 
new findings in recent years with regard to owner-occupiers’ refurbish-
ment decisions and the objectives that owner-occupiers wish to achieve by 
making their building more energy efficient. According to these findings, 
the hypothesis about decisions for or against undertaking energy refur-
bishment measures being taken for purely economic reasons is not tena-
ble (Stieß et al. 2010). It is not very easy for building owners to compare 
the cost of investment with the expected energy cost saving for individual 
refurbishment projects, and to calculate the capital value, or have it cal-
culated, according to the textbook. In view of the uncertainties surround-
ing these calculations, it would also be difficult: it is relatively easy for an 
energy consultant to determine the reduction in the calculated energy 
demand depending on the measures carried out. But the influence of user 
behaviour is hardly likely to be considered in economic efficiency cal-
culations — not least due to a lack of data. And yet evaluations of energy 
refurbishment measures frequently come across this phenomenon: the 
calculated reduction in energy consumption is not achieved — which has 
repercussions on the economic efficiency (summarised in Rosenow & 
Galvin 2013). If you then also bear in mind that a reliable estimate of the 
changes in energy prices can only be made by assuming a corridor of dif-
ferent values, it becomes clear that calculating economic efficiency in the 
case of energy refurbishment measures is a highly complex matter. It is 
therefore only logical that owner-occupiers orientate themselves towards 
the objective of ‘perceived economic efficiency’.

For a significant section of homeowners, this perceived economic effi-
ciency is already achieved when there is a perceptible reduction in energy 
costs (Albrecht & Zundel 2010). For economists: the capital value of the 
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refurbishment therefore need not even be greater than zero. It suffices for 
there to be a positive cash flow after the investment. However, perceived 
economic efficiency is just one of many factors when it comes to refurbish-
ment decisions. The decision in favour of energy refurbishment is likewise 
a strategic consumer decision. It increases the quality and value of the 
building. Depending on the owners’ values and attitudes, there may also 
be a utility connected to the certainty of contributing towards a reduction 
in environmental impact. 

On the other hand, energy refurbishment measures signify greater effort 
on the part of the owner. Irrespective of the financial costs, the planning, 
organisation and restrictions experienced during the actual construction 
process put a strain on owner-occupiers. A decision against refurbishment 
can therefore also pursue the objective of avoiding such effort.

Nevertheless, refurbishment rates for owner-occupiers’ buildings are 
considerably higher than in the case of buildings offered for rent (Insti-
tut der deutschen Wirtschaft Köln 2012). At this point, consideration must 
therefore be given to which visions guide building owners who rent out 
their property in their refurbishment decisions. 

With regard to owner-occupiers, we have emphasised the importance 
of non-economic motivations. Since various different suppliers operate on 
the rental housing market — from small private-sector landlords to housing 
associations to municipal and private sector housing companies — it can 
be assumed that they are characterised by different decision-making pro-
cesses, as a result of their different objectives and motivations (including 
non-economic motivations). Particularly in the case of small private-sec-
tor landlords, it can be assumed that they are more emotionally attached 
to their property — and in many cases to their tenants, too — meaning that 
its maintenance and modernisation is not a purely economic decision for 
them (Odermatt 1997). Housing associations and municipal housing com-
panies could potentially have a greater social remit, predetermined by the 
cooperative members or partners. Unfortunately, there is little empirical 
evidence on the decision-making paths of actors in the housing market, 
highlighting a need for further research. Empirical analysis to date merely 
provides initial indications: according to the results of a survey, for exam-
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ple, the rent remained constant in more than 40 per cent of refurbishment 
measures carried out by small private-sector landlords, whereas it stayed 
the same in 25 per cent of cases with cooperatives and in just 18 per cent 
of cases with private housing companies (Henger & Voigtländer 2011). 
There may be various reasons for this. One possible explanation could be 
the different weighting given to non-economic motivations by the various 
actors in the housing market. However, a more indepth statistical analy-
sis conducted by the authors determined that the type of enterprise plays 
only a minor role — and there was even a greater probability that private 
landlords would increase the rent in one model. This would suggest that 
the differences described above can be explained by differences between 
the dwellings, as controlled for in the model, and not by the different moti-
vations.

A consideration of the visions surrounding the energy refurbishment of 
rented building stock also includes tenants’ objectives and motivations. 
They may potentially benefit several times over from energy refurbish-
ment measures. But are they, then, a driver behind energy refurbishment?

In the first instance, the tenant benefits directly in many cases, particu-
larly from the improvement in the standard of living. However, whether the 
tenant also benefits financially from the energy refurbishment is another 
question that, unfortunately, cannot be answered in general. The central 
question is: in what way do the housing costs to be paid by the tenant 
change as the sum of the basic rent and running costs? The energy costs, 
and consequently the running costs, decrease. However, the landlord will 
often increase the basic rent in order to refinance his investment. Are the 
energy cost savings sufficiently high to offset or even outweigh the increase 
in the basic rent? Is it, in other words, possible to carry out a refurbishment 
where the costs are offset by the energy savings? This is by all means pos-
sible in the case of the refurbishment of very poor-quality buildings. How-
ever, empirical surveys and model calculations indicate that this is not 
the normal case (Hentschel & Hopfenmüller 2014). It is therefore improb-
able that large numbers of tenants will encourage their landlords to step 
up their refurbishment efforts in the short and medium term, increasing 
refurbishment rates. 
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The target states desired by building owners and tenants may be, but 
need not be, compatible with those that have been politically defined. 
The politically defined objectives are derived on the basis of scientifi-
cally based target knowledge for sustainability-oriented transformation. 
The standards specified in the EnEV, for example, result from the desired 
reductions in greenhouse gas emissions and primary energy consump-
tion, taking into account economic boundary conditions. In contrast, the 
desirable target states of building owners and users are the result of their 
preferences. The challenge is now to reconcile the divergent visions of pol-
iticians and actors in the housing market. 

3.3  Transformation knowledge:  
real-world experiments and diffusion 

Transformation knowledge is knowledge of the specific means and ways of 
how to achieve the developed vision, based on a current understanding of 
the problem. Transformation knowledge must answer the question of how 
the desired target state, or the target state necessary from a sustainability 
perspective, can be achieved: is inducing a change in systemic variables 
the appropriate way, which in turn would motivate the relevant stakehold-
ers to change their actions in the desired way? Or is it more promising to 
support a critical mass of individual actors in such a way that they change 
the entire system to the desired state in a cascade process? Or perhaps the 
coordinated use of both strategies is required?

Real-world experiments:  
a reality check for researchers

Experimental interventions conducted within a predefined frame and eval-
uated accordingly can provide answers to these questions. The compila-
tion of system knowledge and target knowledge as described above is the 
foundation for developing such an experiment. Scientific analyses alone 
are not sufficient, however. Particularly with regard to the heating transi-
tion in the building sector, the very different starting situations of individ-
ual cities and neighbourhoods must be taken into account, as well as the 
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structure of their buildings, their residents, and previously tested inter-
ventions. The know-how of local actors is of particular relevance at this  
point. 

In the specific case of the EnerTransRuhr project and the cities of Dort-
mund, Oberhausen and Bottrop, a series of workshops was held to this 
end in a bid to develop a consultancy experiment that did not previously 
exist in this form in any of the three cities. It became apparent at the very 
first meeting that the smaller and larger interventions with regard to energy 
consulting that had been tested up till then differed widely. Consequently, 
the question concerning the target group for which the experiment was to 

Dortmund
Project Area 
Dortmund-Hörde

Oberhausen
Oberhausen-Mitte
Oberhausen-Lirich

Bottrop
Project area
InnovationCity Ruhr |
Model City Bottrop

Figure 9: The area under investigation in the EnerTransRuhr project:  
the three cities of Oberhausen, Dortmund and Bottrop
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be developed could not be answered universally either. There are institu-
tions that offer energy consulting in all three cities: a branch of the Con-
sumer Association NRW is established in Oberhausen; Dortmund has an 
Energy Efficiency Service Centre (dlze); and InnovationCity Management 
GmbH provides advisory services in Bottrop. In addition, some neighbour-
hoods have district bureaus within the Social City and Urban Restruc-
turing in the Old Federal States programmes. Some of the bureaus have 
been active for years, and have implemented a whole host of measures. 
Due to this considerable know-how, it was decided to conduct the exper-
iments in some of these neighbourhoods: in the inner city of Alt-Ober-
hausen and the adjacent district of Lirich in Oberhausen; the district 
of Hörde in Dortmund; and the project area of the InnovationCity Ruhr  
in Bottrop.

Whereas in Bottrop extensive visiting advisory services had already 
been provided, due to its special situation as a model city, the experi-
ence gained by the relevant institutions in Oberhausen and Dortmund 
enabled small private-sector landlords to be clearly identified as a group 
that has been addressed — and hence reached — the least in previous cam-
paigns. And yet they make up a high proportion of building owners in the 
selected neighbourhoods. In Dortmund, a special need was identified to 
provide information to elderly female owners who rent out their property. 
In Bottrop, on the other hand, those people who had newly purchased 
a property in the project area and who had therefore missed the visiting 
advisory campaign were identified as a target group. 

Subsequently, other stakeholders that are relevant for the development 
and implementation of the experiments were discussed. In accordance 
with the different target groups, a variety of actors and experts were invited 
to design and organise the experiment in the workshops that were then 
held independently in the three cities. 

In Oberhausen, for example, a series of events was developed and im-
plemented in order to illustrate to private landlords the synergies between 
their visions concerning their property and energy refurbishment. As far 
as content is concerned, then, energy refurbishment was connected to 
the topics of preserving the value of the building, rentability, accessibil-

The city and the neighbourhood as boundary objects 

79



ity, façade design and financing. In Dortmund, similar topics were dis-
cussed during an event, albeit with reference to specific properties in Dort-
mund-Hörde. In Bottrop, on the other hand, a special flyer was designed 
and is sent by the city to new owners as soon as the change of owner-
ship is put on record at the city. The flyer informs property owners about 
the existing advisory services in the InnovationCity project area and the  
municipal support programme for energy refurbishment measures. In ad-
dition, within the project, a real estate company agreed to place the flyer 
in the information portfolios that it hands out to persons interested in pur-
chasing a property in the project area. In this case, therefore, the special 
window of opportunity offered by the property acquisition is exploited by 
energy consulting to encourage a decision to be made in favour of energy 
refurbishment.

The accompanying evaluation revealed that, in spite of the great deal 
of effort involved in sending out invitations and activating people, it was 
only possible to reach a very limited number of people from the target 
groups in each case. However, those who participated in the programmes 
stated that they were mainly very satisfied with the offer. The experience 
gained in the experiment and the results generated were exchanged and 
discussed at a workshop involving all three cities. However, representa-
tives from the cities, district bureaus and advisory centres reported that 
the number of persons reached by all means reflected their experience 
gained in other activating initiatives.

Diffusion and up-scaling

This second part of transformation knowledge refers to the dissemination 
of experience and knowledge gained from the previous phases. Diffusion 
asks how greater attention can be drawn to desirable innovations in line 
with the interests of sustainability-oriented transformation. These innova-
tions reach higher levels via up-scaling processes, and are able to change 
political or societal framework conditions. 

With refurbishment decisions in mind, it is interesting how agents of 
change motivate others, recruit fellow enthusiasts, and also gain support 
outside their direct environment. How, then, do agents of change inter-
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act with the system surrounding them from the base of their ‘commitment 
niche’ — whereby in this case, the system may be the urban district, local 
politics, associations, the economy and the rest of urban society? Act-
ing as individual or collective players, agents of change initially establish 
their innovative ideas in a small social network or build on already estab-
lished networks that are not opposed to the objectives of the innovations 
(Leggewie, Reicher, Schmitt, 2016). These committed activists also go in 
search of the support of individuals whom they may activate from their 
own circle of friends and acquaintances or those whom they have already 
experienced in matters concerning voluntary involvement. As a result, 
they manage, on the one hand, to elude certain systemic restrictions. 
On the other hand, they find an innovative way of dealing with the given 
political, economic and social structures, and specifically exploit actors 
and structures that are favourable to their activities (see David & Schön-
born 2014). These include funding opportunities — such as the promotion 
of energy-efficient construction by KfW — and regional players such as the 
Emschergenossenschaft. As is the case with refurbishment events, oppor-
tunity structures may also play a dominant role for agents of change, 
who identify and use them, and possibly even combine them creatively 
in order to be able to press ahead further with their innovations. Oth-
ers are initially scarcely dependent on interaction with other stakehold-
ers. Equipped with the appropriate financial resources, the entrepreneur 
Reimann, who was closely associated with his district, initially shaped his 
niche himself by purchasing the dilapidated, disused orphanage and mak-
ing it more energy-efficient. In contrast, the activities above and beyond 
that — setting up an ‘energy nursery’ and collaborating within the urban dis-
trict — must have required endless interactions with municipal players and  
structures.
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BOX 3

Energy nursery and energy refurbishment 
in Oberhausen-Osterfeld 

The entrepreneur and investor Heinz Reimann and his wife Doris are deeply 
rooted in their home town and want to preserve the impressions of their region 
that they had as children. The old orphanage, that had been left to decay for 
years, was to be demolished to make way for the construction of free-stand-
ing owner-occupied dwellings. To Heinz and Doris Reimann, the building gives 
the area its identity, so they wanted to prevent it from being demolished or left 
to decay. And so they approached the municipality, purchased the old build-
ing, undertook energy refurbishment measures (KfW 70) and sold the 18 newly 
created dwellings to owner-occupiers. In the course of their travels, the cou-
ple had witnessed environmental pollution and the consequences of climate 
change. As such, they are not only interested in the architectural preservation 
of their home district, but think on larger scales and time periods. For this rea-
son, they added an energy nursery to the refurbished, car-free site of the for-
mer orphanage. The educational concept focuses on nature, the environment 
and renewable energies — there are solar panels on the roof and some of the 
toys are solar-powered. Doris Reimann established a friends’ association, and 
the donations received ensure the further development of this form of educa-
tion. Heinz Reimann embodies the ideal responsible owner of a medium-sized 
company who not only feels responsible for the growth of his company, but also 
for keeping an eye on the future of his area, nature and the environment.

Another agent of change who is committed to environmental education 
in Bottrop’s schools must cope with very different external obstacles: she 
must motivate lots of teachers to become actively involved in the topic vol-
untarily. The main diffi culty is ensuring continuation: projects that depend 
to a great extent on voluntary involvement need to constantly recruit and 
(re)motivate their supporters.
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BOX 4

Networker for ‘Schools of the future’ 
in Bottrop

Nearly 15 years ago, Birgit Offert, a comprehensive school teacher and educa-
tionalist at the ‘Umweltpädagogische Station Heidhof’, collaborated with other 
committed colleagues to start encouraging schools in Bottrop to develop pro-
jects with pupils, and for pupils, that would bring environmental protection and 
sustainability topics closer to them in practice. 

Since then, the teacher has been encouraging local schools to establish 
new projects again and again, and to enter these projects in the ‘Schools of 
the future’ competition for their town. The aim of her commitment: by organis-
ing these small and large-scale projects, she wants to give pupils in Bottrop a 
greater sense of empowerment and social participation. Birgit Offert has since 
developed the competition into a consistent, active network for environmen-
tal education in Bottrop. In addition to contacts to municipal facilities, including 
the environmental agency and the education authority, the InnovationCity Ruhr 
initiative launched by business enterprises in the Ruhr Area is also a part-
ner in Birgit Offert’s school network. Thanks to her commitment, fi lm pro-
jects were created in addition to specially designed models of ‘buildings of the 
future’, which the children built using energy-saving elements (such as photo-
voltaics). Even though energy-effi cient building refurbishment does not appear 
to be very appealing material for school lessons, since their effectiveness is 
only recognisable in the long term, the teacher can gain something positive 
from the topic in her innovative educational work with local pupils: most of 
them live in the InnovationCity refurbishment project area and, thanks to these 
cooperation projects, can associate the knowledge gained at school with their 
homes.

Enlightenment, consultancy and continued efforts at persuasion are there-
fore important elements of diffusion processes. Both social and institu-
tional networks can be harnessed for this purpose by helping refurbishers 
in many ways to become disseminators.
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Within the real-world experiments in the cities of Oberhausen, Bottrop 
and Dortmund described above, the question was also discussed as to 
whether and how the experiences and findings can be reutilised. A desire 
to document the process was expressed, which should give other cities 
the possibility to conduct such real-world experiments developed in this 
transdisciplinary way. In addition, the topics and content generated in 
the series of events in Oberhausen were also used for follow-up events. 
In Bottrop, the target group was extended. Now, people who purchase a 
plot of land with the intention of building on it are made aware of the advi-
sory services offered in the InnovationCity in a covering letter. In addition, 
the City of Oberhausen also expressed an interest in providing newcom-
ers with similar information. 

In summary, in relation to transformation knowledge for achieving 
higher refurbishment rates, it may be useful to extend the portfolio of 
measures considerably to approaches that address non-economic incen-
tives and barriers, which should therefore be increasingly applied. In spite 
of all the uncertainties that still exist concerning decision-making paths for 
or against energy refurbishment measures, it can still be concluded that 
individual players do not take decisions in isolation. Simply changing eco-
nomic incentives by providing financial resources is not enough to drive 
forward the transformation to energy-efficient buildings. So far, politics 
has given little consideration and made little use of the many variables that 
influence the decisions of building owners (and hence those who actually 
decide in favour of driving transformation to energy-efficient buildings). 
One example of this is the influence of third parties in individual social 
networks, determined by Friege et al. (2016). 

At the same time, it can be stated that, in the area of an altered user 
behaviour in buildings in the spirit of the objectives of driving transforma-
tion to energy-efficient buildings, transformation knowledge is not very 
advanced or is only rarely applied. The agent-based models developed 
within the EnerTransRuhr project explore this very question of the diffu-
sion of decisions in favour of refurbishment measures and energy-saving 
heating and ventilation habits. This aspect is addressed in detail in Sec-
tion 4.3.
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Based on the findings with regard to existing transformation knowledge 
in the area of energy building refurbishment, the question now arises as to 
the appropriate strategies for diffusing and up-scaling measures and new 
use patterns for the successful achievement of the energy transition in 
buildings. What could such strategies entail? A glance at the studies shows 
that some assume that user behaviour has a major impact, while assum-
ing a comparatively minor connection between the state of the building 
and energy consumption. Others determine a high savings potential due 
to energy refurbishment measures in the building sector. As a result, it can 
be concluded that it is advisable to pursue a complementary strategy. This 
means understanding refurbishment and behavioural change as a ‘both-
and’, rather than an ‘either-or’ phenomenon. This is the natural conclu-
sion if one accepts that it makes sense to implement energy refurbishment 
measures in the refurbishment cycle and that refurbishment rates will not 
increase considerably in the short and medium term. But also that the sav-
ings potential offered by altered user behaviour is limited. A change in 
user behaviour then becomes an approach to save energy before the refur-
bishment, and ensures that the anticipated energy savings are in fact real-
ised after the refurbishment. This offers a great opportunity, particularly if 
this change in user behaviour can be induced at little cost.

Decisions in policy areas that at first sight have little to do with driving 
transformation to energy-efficient buildings can also strongly influence 
individual players’ incentives. One important example of such a phenom-
enon is urban development policy. These examples show that interdisci-
plinary and cross-sectoral perspectives and approaches must be observed 
when further developing and deepening the transformation knowledge 
described.
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In the following, we use the term ‘model’ to mean a simplified representa-
tion of a part of reality that defines elements and establishes relationships 
between them, and in this way works out the key interrelations for an 
issue and presents them in a structured manner. In the model presented 
by Friege et al. (2016), for example, homeowners, houses and refurbish-
ment options are the ‘elements’. These elements relate to each other in 
that homeowners take decisions on renovation options, and their imple-
mentation changes the state of houses. In addition, homeowners influ-
ence each other on account of their decision-making (see Section 4.1). 
Models are in principle useful tools for transformation research. However, 
it is not always easy for the modeller to fulfil the promises of modelling. 
Models can and should perform different things: reduce complexity, work 
out generalisable patterns, explain emergent phenomena, provide a ‘lan-
guage’ for transdisciplinary work, assess future development in an explor-
ative manner, act as a virtual laboratory for ‘What would happen if’ exper-
iments, to name just a few possibilities. The wish list is accordingly long 
when it comes to modelling. A guiding principle of all models, however, is 
that a model design depends on the purpose of the model (note the singu-
lar use of the work ‘purpose’). It is therefore crucial for successful model-
ling to clarify at an early stage what the purpose of the model is and then 
to take a clear line. Otherwise there is a risk of lacking in focus and of 
ending up developing a model that is able to achieve everything, but is of 
little use. In search of a useful model design, questions must be answered 
about the purpose of the model, the level of abstraction, and the model 
complexity. 

Purpose of the model

In principle, models can be used for many things. Epstein (2008) lists 
16 different purposes of models off the top of his head. For transformation 
research, Halbe et al. (2015) form three rough clusters of model purposes: 
first, ‘understanding’, second, ‘case-by-case consultancy’, and third, ‘sup-
porting stakeholder processes’. In the case of a transformative claim, the 
focus is generally less on ‘understanding’ in the sense of analysing certain 
events retrospectively and deriving explanations for emergent phenomena 
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that are as universally valid as possible. After all, transformative research 
wants to look ahead and make a contribution to specific changes, rather 
than ‘merely’ have academic debates. Transformative research therefore 
focuses on the purposes (2) ‘case-by-case consultancy’ and (3) ‘support-
ing stakeholder processes’. How a model must be designed in order to 
have a transformative effect depends on the setting, i.e. on the addressee 
of the model and the contribution it is supposed to make. With ‘case-
by-case consultancy’, modelling is problem-driven, and is supposed to 
develop scientifically based recommendations for solving a problem for 
a specific context and a specific issue. In the process, the knowledge 
and values of stakeholders are usually taken into account, but they are 
not involved directly in the modelling process. One example would be 
developing a strategy for boosting refurbishment rates in the Ruhr Area in 
the context of a research project. In this case, a solid scientific basis of a 
model developed for this purpose is essential in order to meet the trans-
formative claim. An inadequately substantiated model would not be taken 
into consideration as the basis for decision-making. 

It is a different matter when the purpose of the model is ‘supporting 
stakeholder processes’. In this case, models serve the purpose of detect-
ing the different ways of viewing the problem, background understanding 
and values, and developing a common understanding of the system in a 
participatory process. Therefore there may not even be a basic consen-
sus as to what the actual problem is at the outset. Hence there can be no 
talk of solutions. In such a case, joint modelling with stakeholders offers 
a transparent and precise language to create understanding. For the pur-
pose of the model, it is often (initially) irrelevant whether the resulting 
model is ultimately valid in the scientific sense or simply arises from the 
participants’ distorted perception. The model becomes transformative in 
that those involved talk to each other and elaborate a common view of the 
problem or the world — or at least clearly state the differences — creating a 
basis for further solution-oriented debate. The model developed can then, 
of course, in principle be used to consider ‘What would happen if’ situa-
tions. However, this has to be undertaken with great caution if the model 
represents the stakeholders’ understanding, but is not necessarily valid. 
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These two observations show that the addressees’ faith in the model 
is central to whether a model can have a transformative effect. In order to 
enhance trust, the state of the debate and the dominant discourse must 
certainly also be taken into account, particularly when addressees are 
familiar with the topic. For example, there is a risk that studies with basic 
assumptions that do not tie in with the current discourse will not be heard 
because they are ‘filtered out’ on the path towards concentrating complex 
and ambiguous interpretations of reality into a simplified basis for deci-
sions. In addition, it can especially be assumed that such models contrib-
ute to a change with an outcome that contains new findings, but that does 
not completely contradict the previous state of knowledge. In the latter 
case, the model on which the study was based would no doubt initially 
be questioned or rejected. At least, as long as it is only an individual study 
that is not embedded in a more broadly rooted alternative discourse. In 
order to fulfil the transformative claim by means of scientifically based 
models within ‘case-by-case consultancy’, a rule of thumb would there-
fore be that new insight should of course be generated, without which no 
change can be initiated, but that the basic assumptions and model results 
should remain compatible with the debate. 

In the case of close collaboration with stakeholders and joint model-
ling, on the other hand, these stakeholders must primarily have faith in the 
model. This means that the basic assumptions of the model must reflect 
their view of the world. If this is not the case, there is a risk that ‘uncomfort-
able’ model results can be ascribed to the ‘wrong’ model structure, and 
that the results of the model will be dismissed. In this case, then, the dom-
inant scientific and political discourse is not necessarily the yardstick for 
the basic assumptions of the model, but the view of the world taken by the 
stakeholders who work directly with the model.

This orientation towards addressees, which is necessary in transform-
ative research, can create a dilemma for researchers: how far can one’s 
own scientific convictions be ‘stretched’ in order to build trust and to be 
compatible, raising the transformative potential of the study? When is it 
uncompromising to represent one’s own deviating conviction in the dis-
course with addressees (perhaps enabling a contribution to be made to 
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an arising alternative discourse)? And when does it make more sense to 
remain closer to the current debate and to steer the target group in the 
‘right’ direction, even if one is of the opinion that the extent of movement 
is insufficient? With regard to these deliberations, it is essential to repeat-
edly strike a balance between the scientific and the transformative claim. 

Level of abstraction 

A model’s level of abstraction is the degree to which a model corresponds 
to a certain real system that exists. To this effect, a model can be classified 
as (rather) conceptual or (rather) realistic. Conceptual models investigate 
typical patterns abstracted from the individual case. For example, a simple 
model with three rules can explain swarm behaviour without specifically 
being there in order to determine whether fish or birds are concerned. In 
contrast, realistic models illustrate a specific system. They capture more 
details and case-specific knowledge, and therefore offer a more exact rep-
resentation of a defined system. The more details are considered, how-
ever, the more probable it is that the model will deviate from other real-
life systems that differ from the modelled system with regard to these very 
details, meaning that the statements can no longer be transferred readily. 
In this respect, the differentiation between conceptual and realistic should 
be understood to be gradual. For transformative research, the question 
then arises: what is more useful — a generalisable but possibly unrealistic 
model or a specific but less unrealistic model? What level of abstraction 
is appropriate for the purpose of the model? Are there any abstractable 
patterns in the considered case at all that are transferable but remain spe-
cific enough to make policy recommendations? What, perhaps, is identical 
in Bottrop and Dortmund? And which details in case studies, and hence 
which differences between them, must be taken into account in order to 
capture the essence of a problem — even if it means that the model results 
are then no longer transferable?

For modelling in transformative research, the following question espe-
cially arises, again and again: ‘How can I represent human behaviour?’ 
Assumptions on the behaviour of actors are pivotal to modelling a (poten-
tial) transformation. They are also crucial for deciding which measures 
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can effectively support a transformation. The problem here is that nobody 
knows exactly when and how people behave and make decisions. There 
are all kinds of theories about this in economics, (social) psychology and 
sociology, all of which are plausible in some way and yet have their weak 
spots — Jackson (2005) provides a good overview of the different theories. 
In addition, different people behave differently in the same situation, and, 
to make matters even more complicated, even one and the same person 
may apply different decisions-making strategies in different situations and 
at different times (Payne & Bettman 2000). As such, it is impossible to 
achieve a perfectly realistic model of decision behaviour in all its facets 
and characteristics. 

However, no expedient abstraction is apparent either at first sight. The 
complexity of the circumstances often leads to use being made of the 
model of the economically rational actor, the ‘homo oeconomicus’. This 
simple model is very much universally applicable and indeed explains 
in many cases a large part of the variance in the behaviour observed. 
However, the (justifiable) criticism of this model is very extensive, and 
the underlying assumptions, such as an optimal amount of information, 
are dubious, particularly in the areas of investigation in transformation 
research. People take decisions surrounded by major uncertainties in 
highly complex and dynamic situations. One example of an acceptable 
alternative that enables the key differences in the decisions-making strate-
gies of various stakeholder groups to be worked out without creating the 
need to empirically record every single detail is typing actors and a prefer-
ably empirically underpinned selection and adaptation of theoretical mod-
els to describe the behaviour of the different types. 

Model complexity 

By model complexity we mean here how many elements and interactions 
a model contains and how complex its presentation turns out to be17. The 
model complexity is closely linked to the level of abstraction. The more 

17 A differentiation can be made between ‘complex’ and ‘complicated’ . Even relatively simple models 
can create complex, dynamic behaviour that is ‘not trivial’, but also ‘not chaotic’ . In this case, however, 
the term is used rather colloquially .
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realistic a model is, the more details are typically also included in the 
model, increasing its complexity. However, the model complexity does 
not only depend on the level of abstraction, but also on other factors such 
as how extensive the model design is. If, for example, a model is to be 
designed on the development of a city’s energy efficiency over time, then it 
must be decided which of the relevant aspects — from the types of heating 
systems, district heating networks, cogeneration units, thermal insulation 
and user behaviour to all kinds of actors such as homeowners, landlords 
and tenants, energy consultants, municipal utilities and the skilled-trade 
sector, to sets of regulations such as the EnEV and legally binding land use 
plans — should be considered in the model and where the system bound-
ary should be drawn. In order to answer this question, the purpose of the 
model and the addressee of the model must first be clarified. What is the 
central question to be addressed by the model? Who is expected to work 
with the model or its results, and must therefore have faith in the model? 
And how important is it for having faith in the model that the addressee 
of the model can also relate to the results it produces? A complex model 
can by all means become a ‘black box’ in which the connection between 
assumptions and statements is no longer completely comprehensible to 
outsiders (and sometimes not even to the modeller). The more complex 
the model becomes, the more difficult it becomes to comprehensibly 
explain the results on the basis of the interaction between a few factors. If, 
then, a stakeholder only accepts conclusions derived from a model if he is 
able to comprehend them, then there must be an upper limit for the level 
of model complexity that is expedient in this case. 

Even once the purpose of the model and the addressee have been 
clarified, it is often not easy to draw system boundaries in a highly com-
plex dynamic system. In particular from the standpoint of transformative 
research, with its interdisciplinary and transdisciplinary approach, rather 
a lot of factors appear to be potentially relevant. There may by all means 
be differences of opinion on which factors must be taken into account to 
resolve a certain problem, and what can be neglected. This is less prob-
lematic if the aim of the model is ‘merely’ to develop a common under-
standing. In principle, a (conceptual) model can be quite elaborately 
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designed, with the different aspects being related to each other and the 
relationships being discussed. The maximum model complexity is then 
largely a question of the time available for the modelling. But if a model 
is to be used to perform simulations and enable comprehensible conclu-
sions to be drawn on cause-effect relationships, then the model must have 
a manageable level of complexity. In this case, a justified selection must 
be made from the many potentially relevant aspects. 

Another important aspect when defining the model complexity is data. 
From the modeller’s point of view, there is never sufficient data available in 
practice. Although this is pretty much the case for any type of model, the 
situation is exacerbated in transformation research because actors play a 
central role. In addition to the above-mentioned diversity of theories, there 
are also challenges involved in describing stakeholders’ actions in mod-
els on the empirical side. In order to quantify the interrelations in a model, 
the knowledge required becomes very specific at some point: how many 
peers in the network must use a transformative product before a house-
hold from the hedonist milieu adopts it: one, three or five? With such data 
requirements, a great deal can surely be achieved using surveys and other 
methods of empirical social research. However, at the stage of designing 
the model, consideration must be made of the data that is (expected) to 
be available. If the model turns out to be largely speculative, there is a risk 
that the addressees will not trust the results. 

However, even if the modeller plans carefully, taking into account the 
availability of empirical data, some parts of the model will usually still not 
be (sufficiently) empirically supported. The time and human resources 
hypothetically required to clarify all questions that may arise are not usu-
ally available in transformation research. In the event of any remaining 
uncertainties, however, a sensitivity analysis helps to differentiate robust 
conclusions from those dependent on unreliable assumptions. In order to 
be able to make scientifically proven statements using models, ideally all 
uncertainties in the model design should undergo a sensitivity analysis. In 
practice, however, this ideal situation, involving not only the variation of 
individual parameters but also the validation of random parameter com-
binations and structural variations of the model, will rarely be achieved. 
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Keeping the model complexity at a low level is conducive to coming as 
close as possible to the ideal situation because the quantity of unreliable 
model aspects remains small. 

The needle in the haystack:  
on the design of transformative models

Focusing on the transformative potential of models, a wide range of con-
siderations and dependencies of the model design were discussed in the 
sections above. Finding the right balance between the different ‘dimen-
sions’ of modelling is often a balancing act — effectively like finding the 
needle in the haystack of possible model designs. Modelling guidelines 
such as by Nikolic et al. (2013) help to structure the search process. There 
is no ‘manual’ in the narrow sense. However, guidelines can help model-
lers to retain sight of the big picture when weighing up all of the different 
considerations. As a guideline for creating transformative models, a few 
key points expressed in simple terms may be of use — ideal for cutting out 
and attaching to the monitor: 

 ◆ For a model to have a transformative effect, an addressee must trust 
the model and the results it produces. This must be taken into account 
when designing the model.

 ◆ A model is not an all-in-one product. Particularly in the confusion of 
transformative research, a model design must pursue one clear purpose 
to ensure the model’s usefulness. 

 ◆ The level of abstraction and the model complexity must be appropri-
ate for the purpose of the model. It is always a balancing act. In case of 
doubt: ‘small is beautiful’. 
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4.1 Agent-based modelling as a boundary object

Agent-based modelling enables actors, their decisions, interactions and 
the framework conditions relating to their actions to be simulated (Gil-
bert & Troitzsch 1999; Heckbert et al. 2010). This type of modelling makes 
very few implicit assumptions on the system considered, and therefore 
enables different theories, empirical knowledge and assumptions about 
the circumstances considered to be integrated (van Dam et al. 2013). It is 
therefore very well-suited to capturing case-specific knowledge. Agent-
based models act as a reminder in two ways: first, the necessary formal-
isation produces a need for precision, which refines the analysis of the 
system considered and the central feedback mechanisms; second, the 
simulation reveals the dynamics and emergent phenomena arising from 
the complex interactions that remain hidden in the static consideration of 
codes of conduct and interaction processes. Consequently, agent-based 
modelling also allows insights into phenomena that are often surpris-
ing, but (in retrospect) understandable and comprehensible. In this way, 
agent-based models foster an assessment of the potential development 
paths of the system considered, as well as the associated promoting and 
inhibiting factors and cause-effect relationships, and hence the effective-
ness of intervention strategies. 

As already noted in the introduction to Chapter 4, models represent 
an important part of the spectrum of methods relevant for transforma-
tion research. In this section, we wish to shed greater light on the various 
contributions made by models. We believe that models contribute in four 
main ways, which we will discuss below on the basis of the experience we 
gained in the EnerTransRuhr project.18 Models can

 ◆ Make the debate objective
 ◆ Integrate knowledge from different disciplines in a structured manner
 ◆ Derive an overall dynamic from individual factors and developments
 ◆ Enable virtual experiments to be conducted to support the policy design.

18 For a more detailed discussion on the contribution made by models to transition research as well as 
related literature, see Holtz et al . (2015) .
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Making the debate objective 

In the debate on measures for saving energy and emissions in the building  
sector (including insulation and feedback products), there have mainly 
been two positions so far. The first assumes that no or only negligible neg-
ative trade-offs result from the measures; the second criticises the meas-
ures, arguing that they are resource-intensive and cause additional waste 
streams in the future. So which is correct? Are the energy savings gener-
ated by the energy refurbishment of buildings offset by the resources con-
sumed in undertaking these measures, or is this far-fetched? How high 
are the energy savings and resource consumption, then, both now and in 
the future? With questions such as these, models help by presenting the 
‘facts’ — or at least by making assumptions transparent and deriving logi-
cal conclusions from these assumptions by means of ‘calculation’. In this 
way, models enable a debate to be made objective. Models enable argu-
ments to be backed up with figures, enabling informed discussion of these 
arguments to take place. 

In the EnerTransRuhr project, the ‘RessMod’ model was developed and 
used in order to quantify the resources consumed by energy efficiency 
measures, putting the debate about energy savings and resource con-
sumption on a foundation based on facts. The RessMod model combines 
the agent-based models by Jensen et al. (2016) and Friege et al. (2016) with 
the ‘HEAT’ (Household Energy and Appliances Modelling Tool) model 
developed at Wuppertal Institute and a material flow model. The agent-
based models represent actors’ decisions, and the building energy model 
and the material flow model quantify the energy savings and resource 
consumption caused by these decisions. This construct offers a virtual 
test environment in which we are able to quantify and assess the con-
sequences of agents’ decisions with regard to refurbishment rates, net 
energy savings and net resource consumption.

In concrete terms, for example, the agent-based model called ‘Eigen-
heime’ (homes) by Friege et al. (2016) provides annual refurbishment 
decisions differentiated according to types of buildings and building com-
ponents for every homeowner in a simulated city. For the actual purpose 
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of the model — developing policy recommendations to raise refurbishment 
rates — it is not necessary or expedient in the actual agent-based model to 
record extensive information about types of buildings or building compo-
nents such as the direct material consumption (for example, for insulation 
or new windows). However, this more specific information is required in 
order to calculate the net energy and resource effects of the simulated sce-
narios, and to assess the energy resource dilemma in an informed manner. 
The HEAT model closes this gap. HEAT enables numerous saving meas-
ures on the building side to be modelled in detail with regard to their 
direct effects on energy efficiency, their direct use of materials, and their 
costs. In order to ensure a comprehensive consideration of the effects on 
energy and resources, however, the indirect consumption of resources 
and energy across the life cycle of the refurbishment measures must also 
be taken into consideration. This is ultimately performed by the mate-
rial flow model, which comprises consistent life cycle models of energy 
refurbishment measures, and the indirect consumption of resources and 
energy involved in the use of materials identified by the HEAT model. The 
model package therefore underpins the debate by systematically linking 
a broad factual basis from the social sciences, physics, engineering and 
materials engineering, and making it accessible to the debate. 

In this respect, the bottom-up approach of our model enables us to con-
sider issues at different levels. A virtual investigation can be conducted not 
only of the refurbishment behaviour of individual agents (‘ant perspec-
tive’), but also of the aggregation of all or just some of the agents (‘ant 
colony’). In the first case, research issues such as the net energy and net 
material characteristics of different refurbishment decisions of individual 
homeowners can be addressed objectively. In the second case, compli-
ance with statutory or other imposed policy objectives (such as average 
energy refurbishment rates) can be determined from the sum of individ-
ual behaviours (using the same data basis). Based on this information, 
the energy savings and resource consumption related to different scenar-
ios can be calculated and compared with energy and resource policy tar-
gets or simply arguments of a debate. In this respect, the insights gained 
using the model package are valid within the underlying assumption and 

Models for knowledge integration  

99



parameter boundaries. However, the assumptions and the data corpus of 
the models can nevertheless be challenged. This is a necessary restriction 
of the prerogative of interpretation claim for models of all kind, which of 
course is also relevant for our model package. And yet models can help to 
drive the debate forward precisely by identifying the key assumptions and 
facts and deriving the logical consequences of these premises. 

Integrating knowledge from different disciplines  
in a structured manner

As a rule, models are created in the form of mathematical equations or pro-
gramming code. This necessitates the definition of variables and of logi-
cally consistent relationships between these variables (such as in the form 
of ‘if-then’ rules). In this connection, the process of creating such a formal 
model necessitates a higher degree of precision than is usually the case 
in a description of interrelations in words. People need to ‘get to the point’ 
of what is meant. If in the process a model is created involving exchange 
between different disciplines, the need for precision can lead to deviating 
meanings of words and concepts as well as implicit assumptions being 
detected and discussed. In a less formalised exchange, these deviations 
would remain undiscovered. In addition, the insights generated by specific 
approaches can be tied in using a model — whose formal language theo-
retically offers points of reference in all disciplines. The model constitutes 
a ‘bridge’, as it were, between the more specific analyses, and offers a sys-
tematic representation of the entire knowledge of the system. By integrat-
ing the partial analyses, the model enables knowledge gaps and inconsist-
encies to be identified — for example, if a reference has to be defined for 
the logical consistency and completeness of the model, but there is not 
(yet) any knowledge available about it. 

Based on the premise that the specific fleshing out of the energy tran-
sition is influenced by very different stakeholder groups and motivations, 
which can only be described adequately to some extent in purely eco-
nomic models, in particular agent-based models were used in the Ener-
TransRuhr project to perform a supra-disciplinary, integrated consideration 
of the energy transition in the building sector. The agent-based model by 
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Friege et al. (2016) on the energy refurbishment of homes enables aspects 
such as the decision-relevant characteristics of homeowners to be put 
into relation to the technical properties of different refurbishment options, 
the IWU building typology, the current state of refurbishment (or back-
log), spatial structures of cities (for example, clustering buildings of a sim-
ilar age) and policy measures, and to comprehend the energy transition 
in this way as a socio-technical transition. The development of the model 
requires exchange and discussion about how these different aspects infl u-
ence each other and fi nd expression in homeowners’ refurbishment deci-
sions. The main aim of the model was not necessarily to structure debate 
within the project, but primarily to act as a tool for integrating the wide 
range of knowledge on the topic area, mainly from the literature.

The transdisciplinary and interdisciplinary approach of transformation 
research offers no a priori perspective of which factors should be consid-
ered in a model, but is fundamentally open to insights from all kinds of 
sources. In order to identify relevant knowledge, the development of the 
agent-based model on the energy refurbishment of homes therefore went 
through several steps altogether. During the fi rst telephone interviews con-
ducted, a fi rst impression of homeowners’ decisions with regard to the 
energy refurbishment of their buildings was initially gained. The excerpts 
of results presented as examples in the three boxes below demonstrate the 
high degree of heterogeneity and complexity of such decision-making pro-
cesses, and give an initial indication of factors that play a role in the deci-
sion-making process of homeowners. 

BOX 5

Roof insulation to stop draughts

Karin is a 34-year-old nursery school teacher who lives in a terraced house 
that was built in 1949. The loft was converted for her son, in the course of which 
thermal insulation was also installed. She stated that high energy costs and 
draughts were the reason for additionally having thermal insulation installed. 
Her parents-in-law, who own a similar house, advised the family to under-
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take these measures. Since her son will inherit the house one day, economic 
feasibility played only a minor role in the decision. All told, it was a very easy 
decision to take: ‘My husband decided that we were going to have insulation 
installed, and that was that.’ They did not think about any funding schemes or 
support measures. They decided against having exterior insulation installed in 
the form of clinker brick facing for the façade for fi nancial reasons, because 
they were already paying off the mortgage for the house and were unwilling to 
take out another loan. On the whole, Karin is very pleased with the insulation 
of the roof: ‘There are no longer any draughts, it is signifi cantly warmer on the 
upper fl oor and our gas bills have decreased.’

BOX 6

Refurbishment for urgent reasons

Heinz is a 69-year-old retired mechanical engineering technician. He and his 
wife live in a terraced house that was built in 1976. Owing to the breakdown of 
their heating system and radiators, there was an urgent need for action. Just 
one week after the heating system failed, the new boiler was installed by a fi t-
ter who had been recommended to them. Heinz installed the radiators him-
self. The new gas condensing boiler consumes less gas, which is already pos-
itively noticeable in their heating bills. Ideally, Heinz would prefer not to carry 
out any further refurbishment measures: ‘It’s not worth me carrying out any 
energy measures because I will be unable to redeem this money before the end 
of my life, meaning that I would have less money now.’ Heinz used his current 
account to pay for the installation of the new heating system; he was overdraw 
for two months. 
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BOX 7

Effi ciency, energy costs and 
visual appearance

Hannelore is a 67-year-old retired judge. Her detached house underwent 
extensive refurbishment measures in 2000: core insulation was applied, win-
dows were replaced, and a new heating system was installed. Her reasons for 
undertaking the measures were to protect the environment, to reduce the high 
energy costs, to improve the poor appearance of the windows, and to replace 
the heating system, which was often defective. Hannelore sought advice from 
the Consumer Association and the energy agency ‘Klimawerk’. A civil engi-
neer friend of hers took thermograms of the building. She took out a loan with 
KfW Bank to fi nance the refurbishment measures. Since the economic feasi-
bility of the measures was unimportant to her, she did not undertake an amor-
tisation calculation. Altogether, Hannelore is very pleased with the measures 
undertaken: ‘It’s now two degrees Celsius warmer in the house, I now need half 
as much oil, and the windows look much better then before.’ Since then, she has 
often told others about core insulation because it was relatively unknown in her 
community. In this way, she has already managed to persuade two of her neigh-
bours to have core insulation installed, too.

The results of the telephone interviews suggest that a refurbishment event 
is required for energy measures to be carried out (such as a loft conver-
sion, a defective heating system), and that both economic factors (such as 
borrowing money to have a measure undertaken, the measure is not worth 
while) and non-economic factors (such as draughts, environmental pro-
tection, aesthetics) play a role in the decision. In addition, communication 
with trustworthy peers is often a key factor in the decision (father-in-law, 
neighbours). These results already indicate initial interrelations, but are 
insuffi cient for deriving decision rules for the model. For this reason, based 
on the initial insights, in the next step taken by Friege and Chappin (2014) a 
comprehensive literature analysis was undertaken. One of the conclusions 
they drew was that the role played by non-economic factors in homeown-
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ers’ refurbishment decisions has not been taken into account sufficiently 
in the literature so far, and has therefore also received little consideration 
in policy measures (Friege & Chappin 2014). Since the majority of energy 
refurbishment measures pay off, it is hardly possible to explain the low 
level of homeowners’ energy refurbishment activities by purely economic 
factors (see Chapter 1). 

In order to close the explanatory gap shown, modelling should then be 
used to further explore the role played by non-economic factors and, in 
particular, the influence of social interaction on the energy refurbishment 
activities of homeowners. For this purpose, use was made of existing the-
ory on the influence of social interaction on decision-making processes 
for the model. In the context of virtual experiments, Friege et al. (2016) 
then used the model to simulate and analyse energy refurbishment activi-
ties influenced by social interaction under varying framework conditions.

An online survey of 275 homeowners was then conducted and evaluated 
in order to further differentiate and empirically underpin the implemented 
decision behaviour of homeowners with regard to the refurbishment event 
and the influence of certain socio-demographic and psychological fac-
tors on their decision behaviour. The results show that the transfer of 
ownership is usually the catalyst for the implementation of refurbishment 
measures. In the decision in favour of or against the implementation of 
thermal insulation, a differentiation must be made between the different 
building components (roof/top floor ceiling, outer walls, floor/basement  
ceiling). 

The results of the survey show that the wall insulation behaviour of 
homeowners can be largely explained on the basis of a few variables. 
According to this survey, the state of the outer walls, homeowners’ atti-
tudes towards thermal insulation and their age are the main factors that 
influence the decision. It was not possible, based on the data collected, 
to derive factors that mainly influence the decision to insulate the roof or 
the basement ceiling. As already to be expected on the basis of the lit-
erature analysis (Friege & Chappin 2014), the data shows that the home-
owner’s disposable income or standard of living has no crucial impact 
on the decision to insulate. The results indicate that financial reasons are 
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often personally perceived as an obstacle, but that other people with sim-
ilar financial resources have had insulation installed nonetheless, mean-
ing that there were no differences in the income distribution of those who 
had insulation installed and those who did not. The results of the survey 
were subsequently used to calibrate the agent-based model by Friege et al. 
(2016). In the next step, the adapted model was used to evaluate policy 
measures aimed at increasing energy refurbishment rates.

Throughout all of these steps of the model development, knowledge 
from a variety of sources is identified, factors are selected and put into 
relation, interrelations are refined, and the understanding created is trans-
lated into the precise language of programme codes again and again. In 
so doing, the process of modelling exhibits knowledge gaps, particularly 
with regard to the role played by non-economic influencing factors. On 
the one hand, these knowledge gaps presented us with a challenge con-
cerning the specification of the model. On the other hand, however, by 
revealing knowledge gaps, model development makes a contribution to 
research, and the simulations performed helped to assess the relevance 
of different factors and to set priorities for further empirical research. The 
resulting model now represents a synthesis of a wide range of knowledge. 
It differs considerably in its structure from the economic logic of refurbish-
ment decisions that dominate the debate, and therefore offers alternative 
starting points for understanding a backlog of refurbishment work and for 
policy measures to clear this backlog.

Deriving an overall dynamic  
from individual factors and developments

Even if individual factors of a system — such as in the model by Friege 
et al. discussed above, for example, characteristics of homeowners and 
the impact they have on refurbishment decisions, socio-economic struc-
tures in cities, and technical features of refurbishment options — have 
been understood and placed in relation to each other, the dynamic conse-
quences of the interaction between these individual factors — how does the 
refurbishment rate develop? — is often not easily discernible. This is simply 
due to the fact that the human brain is not good at understanding complex 
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systems and their dynamics, as has been proven in a wide range of exper-
imental studies. In this case, models may help which, based on the pos-
tulated interaction between individual factors, determine system states at 
a later point in time (for example, in the following year) and that can also 
extrapolate system states over long periods by applying this approach iter-
atively. 

In keeping with this logic, the agent-based model by Jensen et al. (2016) 
was used to investigate the energy saving potential or household behav-
ioural change induced by feedback products on the city scale and with 
a time horizon up to 2030. The effect of feedback products such as the 
CO2 ‘traffic light’ device at the individual household level was investigated 
by conducting empirical research within the EnerTransRuhr project, and 
beforehand in the SusLab project (Liedtke et al. 2014). For example, after 
introducing a CO2 traffic light device in the households observed, an aver-
age 8 per cent saving of heating energy was determined if the interven-
tion was a success. However, merely upscaling these findings to the city 
level would fall short of the mark. For example, it cannot be assumed that 
every household installed a CO2 traffic light at a certain point in time. On 
the other hand, it can be assumed that behavioural change can also occur 
without feedback products so that the overall effect is not only dependent 
on the number of CO2 traffic light devices installed. In order to assess the 
potential of feedback products, therefore, not only the effect within indi-
vidual households must be considered, but also the diffusion of feedback 
products between households, as well as the effects of (altered) behav-
iour between households. The model by Jensen et al. creates these rela-
tionships, and therefore enables a dynamic analysis to be conducted of the 
consequences of introducing feedback products at the city level. For the 
CO2 traffic light device, the model calculates an (additional) energy saving 
potential of around 1 per cent up to 2030 at the city level. The main reasons 
for the difference compared to the 8 per cent observed at the household 
level are the assumed speed of dissemination of the products, in that a 
large number of households already practice shock ventilation, as encour-
aged by the CO2 traffic light device, meaning that no additional effect can 
be expected in these households, and the assumption that the practice of 
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shock ventilation would also continue to spread (albeit more slowly) even 
if the CO2 traffic light device was not introduced. However, the exact quan-
tification of the savings potential is not the only result of the model exper-
iments. In fact, additional findings on the key mechanisms are of central 
importance. For instance, although the outlined insights into the low effect 
at the city level also appear to be comprehensible in the absence of a 
model, they only become apparent following the integrated consideration 
of different factors in the model. In addition, the model also contains a dif-
ferentiation according to individuals’ lifestyles and enables statements to 
be made on which individuals were persuaded to change their behaviour 
to what relative extent and via which channels. It also enables the effects of 
socio-economic structures (proportions of lifestyles and their spatial dis-
tribution) to be investigated. This forms a basis that can be used to inves-
tigate the influence of policy measures.

In the process, the integration of different individual factors from dif-
ferent areas and disciplines and the derivation of the dynamics resulting 
from this interaction generates an added value compared to purely disci-
pline-based models. However, it also presents challenges, because crea-
tive solutions are often required where the interfaces and interrelations 
beyond the individual areas are not adequately defined or known. How-
ever, the model-based implementation of integration is often highly rele-
vant for the resulting model dynamics. The crucial point of agent-based 
models in this regard are the action models of agents. This is where many 
factors from the different areas considered often come together, and have 
to be condensed to a decision taken by actors, such as what type of refur-
bishment is to be carried out or whether a feedback product is to be used. 
At the same time, there is no definitively ‘correct’ action model that mod-
elling can draw on. Various disciplines, from economics and social psy-
chology to sociology, offer a wide range of approaches to explain human 
behaviour that can be drawn on. This challenge was addressed in dif-
ferent ways in the EnerTransRuhr project. For the model by Jensen et al. 
(2016), there was virtually no empirical basis for specifying actors’ mod-
els for the case considered, because transformative products are not yet 
available on the market and it has not yet been sufficiently explored how 
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actors respond to these particular products. For this reason, use was made 
of experience gained with comparable products and, following the theory 
and models from the literature, simple rules of behaviour were defined 
differentiated into milieus. In addition, the resulting model dynamics 
were empirically validated using the diffusion pattern of a similar product 
and typical patterns of diffusion curves, and the model also underwent a 
detailed sensitivity analysis. A sensitivity analysis enables the robustness 
of the model against (uncertain) assumptions to be determined, underpin-
ning the explanatory power of the model, as the case may be. One result of 
the sensitivity analyses of the model by Jensen et al., for example, is that 
details with regard to the spatial arrangement and clustering of milieus do 
not significantly influence the dynamics investigated. As long as the main 
structural aspects of social networks are represented true-to-life, it is not 
necessary to undertake a detailed empirical survey of the spatial localisa-
tion of the milieus. The different milieus as a percentage of the total pop-
ulation, however, are by all means relevant. It is therefore important to 
collect this type of data in order to be able to assess the process. In con-
trast, there was rather a lot of particular knowledge on homeowners’ deci-
sion-making available as a foundation for the model by Friege et al. (2016). 
As discussed in the previous section, the model provides an added value 
simply by compiling this knowledge in a structured manner. The resulting 
model is tailored specifically to the case of energy refurbishment by home-
owners. This is in line with the intended purpose, because the refurbish-
ment backlog addressed in the model cannot be explained by more gen-
eral models — particularly those that take a purely economic perspective. 
The specifically developed model enabled the wide range of findings from 
the empirical research to be harnessed. In addition, conclusions could be 
drawn about the cause of the refurbishment backlog by comparing simu-
lations with the empirically observed overall dynamics. 

Another challenge for the model-based derivation of the overall dynam-
ics arises from the fact that transition processes are characterised by 
co-evolutionary dynamics in different areas — from technological innova-
tions to changes in institutions, actors, behaviour, the economic frame-
work conditions and socio-cultural structures. For longer simulation peri-
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ods, the question also arises as to which model structures and parameters 
can be assumed to be constant over which period. In our models, we 
therefore only simulate for limited periods of 10 or 15 years into the future. 
These periods are long enough to be relevant for policy recommenda-
tions, and yet avoid misunderstandings from the outset with regard to the 
validity of model statements for the more distant future.

Conducting virtual experiments  
to support the policy design 

Models can be used as ‘virtual laboratories’ to conduct experiments. As in 
the laboratory, the boundary conditions of the experiment can be con-
trolled exactly. Beyond the possibilities provided by real-world laborato-
ries, in a virtual laboratory even the ‘insides’ of a virtual test object can be 
closely analysed during the experiment using appropriate methods of data 
collection and assessment. In the model by Friege et al. (2016), for exam-
ple, as well as being able to observe the aggregated refurbishment rate, 
one can principally comprehend for every single homeowner in which 
time step he takes which refurbishment decisions under which conditions. 
Such a virtual laboratory even enables the researcher to try out things that 
would be impossible, impractical or unethical in the real world. In addi-
tion, once the model has been created, virtual experiments only require 
a small amount of time and financial resources, which means that a much 
larger number and range of experiments can be performed compared to 
the case of real-world experiments. 

One special use of virtual laboratories is conducting experiments to 
develop suitable policy measures. In the virtual laboratory, different policy 
measures can be investigated for different assumptions about current ini-
tial conditions and future context developments, as well as their impacts, 
so as to identify the most effective, efficient or robust measures, for exam-
ple. In this context, it should be noted that policy measures are usually 
tested for the future and one can therefore (theoretically) never be certain 
that all of the factors that will be relevant in the future situation have been 
considered in the model. Hence any prediction of a future situation will 
be uncertain and the transferability of the results to the real world cannot 
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be guaranteed, even if the model was validated using historical data. Nev-
ertheless, virtual experiments are at least able to identify behavioural pat-
terns that are activated by certain measures, increasing our understand-
ing of the system and considerably narrowing down the range of potential 
measures before more complex field test or real-world experiments are 
performed to validate and specify the measures. 

In the EnerTransRuhr project, the model by Jensen et al. (2016) on the 
diffusion of feedback products and behavioural changes induced by them 
(see above) was used as a virtual laboratory to investigate different meas-
ures for introducing CO2 traffic light devices in the City of Bottrop and their 
effects on energy savings generated by the increased use of shock ventila-
tion. The measures investigated included 1) the free distribution of such 
products, 2) conveying knowledge about these products and drawing 
attention to them, 3) the lending of products, and 4) the targeted mobilisa-
tion of opinion leaders; whereby the first two measures were investigated 
differentiated according to different lifestyles. The model results suggest 
that the lending of CO2 traffic light devices may strongly support the diffu-
sion of shock ventilation19. Other promising measures include the issue of 
devices to opinion leaders or to individuals characterised by a high social 
status and modern values, who have a particularly strong effect as dissem-
inators. In contrast, increasing the knowledge — and awareness — of the CO2 
traffic light device among households with a lower social status, for exam-
ple, has virtually no impact because these individuals orientate their deci-
sions more closely to their environment, and increased awareness does 
not lead to the use of the CO2 traffic light device as long as they are not 
already being used by a sufficiently large number of other households. 

Using the empirically calibrated model by Friege (2016), simulations 
were made of the effect of policy measures aimed at increasing homeown-
ers’ energy refurbishment activities. Owing to data availability, the model 

19 However, the model results are based on the assumption that CO2 traffic light devices are returned 
after a period of three months and lent out to other households, and that the household learns how to 
practise shock ventilation and is in principle able to practise it in the future . However, there is a further 
need for research, particularly with regard to the ‘relapse rate’ following the return of the CO2 traffic 
light device .
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is limited to simulating homeowners’ decisions concerning whether or not 
to insulate the outer walls. It investigates the impact that intensified con-
sultation has compared to obliging homeowners to refurbish the building 
at the time of the purchase. Since, according to the survey, economic fac-
tors only play a minor role in the decision to insulate, or no role at all, it 
was not possible to represent the potential effect of financial support in 
the model. 

The effect of consultancy was represented in the model via a positive 
effect on homeowners’ attitudes towards thermal insulation. Since atti-
tudes influence the decision to have wall insulation installed, the advisory 
approach leads to an — admittedly small — increase in insulating activities 
among homeowners in the model of 7 per cent at the most (from 1.4 per 
cent to 1.5 per cent of outer walls). In this respect, a consulting drive is 
preferable over a long-term consulting campaign. 

Mandatory refurbishment measures in the context of a house purchase 
are currently limited to replacing old boilers, and insulating top floor ceil-
ings, roofs and heat distribution pipes in rooms that are not heated20. There 
are no discussions at present about any further obligation to refurbish 
existing buildings. If this issue is raised, attitudes are often shown to be 
hostile to the perceived dictation. However, linking the obligation to the 
window of opportunity of the transfer of ownership also has its advan-
tages: in this way, the knowledge of any refurbishment measures that may 
have to be undertaken can be included in the decision to purchase the 
house beforehand. As a consequence, the market value of houses with-
out wall insulation is expected to decrease (roughly in line with the cost 
of installing wall insulation). Since transfers of ownership are registered 
at the land registry office, it is also easy to check whether the obligation to 
refurnish has been met. 

It would be virtually impossible to test such a regulatory measure in a 
real-world experiment. In this case, the connection to the virtual experi-
ment of the agent-based model offers an extended testing ground. Encour-

20 Whether a building has to be refurbished depends on the age or energy performance of the building . 
The statements refer to the current version of the EnEV 2014 .
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aged by the survey results, the important window of opportunity of the 
transfer of ownership in the model was linked to the obligatory installation 
of thermal insulation at the time of acquiring the property, depending on 
the age and state of the outer walls. Based on the simulation results, the 
activity of insulating the outer walls increases considerably in the event of 
an obligation to do so: by almost 60 per cent, taking into account the con-
dition of the outer walls and the number of transfers of ownership (from 
1.4 per cent to 2.2 per cent of walls). Altogether, the energy refurbish-
ment rate would then increase by 40 per cent21. Although this does not yet 
equate to the desired doubling of the energy refurbishment rate, which 
currently stands at around just 1 per cent, it would be a big step in this  
direction. 

It usually takes a long time to negotiate and implement policy measures. 
And the measures do not always lead to the desired outcome, or unex-
pected accompanying phenomena occur over time. In the model, on the 
other hand, successes and consequences can be tested in fast motion, as 
it were. Different variants of individual measures can also be evaluated, in 
order to support the most efficient design possible. In addition, measures 
that are unlikely to be introduced can be modelled if their impact assess-
ment is of interest for other reasons. But it goes without saying that there 
are also limits to the explanatory power of models.

4.2 Opportunities and limitations of  
agent-based modelling

Hannah Arendt equates ‘taking action’ to adding one’s own thread to a 
fabric that has been created by others (Arendt 1981, p. 174). Both ‘reflex-
ive transformation research’ (Dickel 2013, p. 17) and innovation research 
seek and investigate this joint between the individual and the system, and 
explore how social innovation emerges and spreads. The focus is on inno-
vative social practices that emerge due to civic commitment, for example, 

21 The energy refurbishment rate comprises the number of thermal insulations carried out in roofs/
top floor ceilings (30 per cent), outer walls (55 per cent) and floors/basement ceilings (15 per cent) (IWU 
2010) .
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and that initially spread at the local level. These innovations, usually of a 
social nature, are devised and established by agents of change. They con-
tribute to the success of the energy transition by breaking existing routines 
and identifying specific alternative courses of action in everyday life. Due 
to their social proximity, they are recognised as being trustworthy and 
credible interaction partners (Mautz et al. 2008, p. 68).

Research into such complex social processes can only be conducted 
via interdisciplinary cooperation. Qualitative and quantitative research 
methods should be integrated in order to reliably answer questions con-
cerning under which conditions this innovative commitment emerges, 
which societal effective force may come out of civic commitment, and 
which obstacles active players come up against (Leggewie 2012, p. 12). 
In the study design we selected, qualitative interviews and participatory 
observation22 lead to the formulation of reliable hypotheses that are then 
checked to see whether they can fit into agent-based models as if-then 
relationships. If this proves practicable, scenarios can then be modelled. 
These models are intended to illustrate and assess (model) responses to 
changes in constellations of stakeholders or systemic factors. However, not 
all observations and data are equally suitable for agent-based modelling. 
Unique individual cases and events such as the specific mental disposition 
of an agent of change can only be modelled with little precision. Model-
ling is more appropriate for probable responses to certain characteristics 
of the innovative acting stakeholder, such as in the agent’s network. The 
more spontaneity and creativity are important criteria for the stakeholder’s 
actions, the more error-prone the model will be. The question therefore 
arises as to which aspects of the individual case observed in qualitative 
studies can be disregarded and analysed using (quantitative) agent-based 
models with regard to their effects in the system. We will consider this 
question in the present section using the example of agents of change. 
This will involve considering the different key characteristics of agents.

22 The results of the ethnographical research on this project can be found in the book: Leggewie, C; 
Reicher, C; Schmitt, L (Eds .) (2016): Geschichten einer Region . AgentInnen des Wandels für ein nach-
haltiges Ruhrgebiet . Dortmund . 
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Implicit and explicit innovative practices  
in the model

Experience from fieldwork has shown that the differentiation between 
implicit and explicit agents of change is not just a heuristic differentiation, 
but has a strong influence on the scaling potential of its influence. This 
differentiation is therefore a characteristic that must be considered if one 
wishes to understand the role played by an agent of change in the over-
all system.

Implicit agents of change — as they are understood in connection with 
sustainability-oriented transformation — primarily pursue other goals than 
that of ecological sustainability. They may be intentions that are inher-
ent to the individual — such as pursuit of gain, the fulfilment of an aim 
in life or a career goal, or the accumulation of symbolic capital within 
one’s neighbourhood. For example, ecological sustainability occurs as 
a positive external effect of integration measures for asylum-seekers. The 
‘project’ undertaken by the implicit agent of change then becomes more 
strongly compatible with individuals and groups of persons who are not 
(yet) interested in the topic of sustainability or who even feel put off by 
this motivation to act for ideological, aesthetic or emotivist reasons (Ste-
venson 1975, p. 139 ff.). In cases in which agents of change implicitly pres-
ent new sustainability-oriented practices, the visibility of the innovation 
potentially increases due to the possibly wider target group (Rogers 2003, 
p. 258 f.). 

In contrast, explicit agents of change have a powerful influence on sus-
tainability-oriented groups of persons because they exude authenticity 
due to the congruence of motivation and action. They are perceived as 
persons who act virtuously. For this reason, their innovative idea is espe-
cially compatible with people who have similar or identical sustainabil-
ity goals. Rogers proposes that compatibility is a factor that can be used 
to measure the probability of innovations being adopted (Rogers 2003, 
p. 241 ff.). Compatibility is a gauge for the reconciliation of the innovation 
with previous experiences, standards, values and needs. Explicit agents 
of change find it easier than implicit agents of change to disseminate their 
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new practice among ‘potential adopters’ (Rogers 2003, p. 233) because, 
although they must communicate persuasively with regard to the innova-
tion (Rogers 2003, p. 174 f.), they no longer need to substantiate or justify 
their action themselves. 

Implicit and explicit are opposites which, first, do not occur empiri-
cally in the respective extreme position and, second, are not noticed by 
the acting individuals — at least when they first become established. But it 
can be assumed that the establishment and diffusion of the agent’s inno-
vative idea has a greater chance of success if the agent acts ‘implicitly’ and 
therefore offers a projection surface for different charges of significance 
by potential emulators. 

The differentiation between implicit and explicit agents of change can 
be represented directly using social networks. On the basis of empirical 
observations, implicit agents’ success appears to be based on their spe-
cial role in the social network and their impact within it.

From the standpoint of research on social networks, an implicit agent of 
change is particularly good at diffusing innovations by acting as a ‘broker’ 
between social groups. Such a broker mediates between groups, making 
it easier to mutually transfer knowledge and innovations. An explicit agent 
of change appears to tend to (socially) address a smaller circle of persons 
within a city. Due to the direct link to an explicit goal (and the relevant 
values), these agents will tend to address a more homogeneous group of 
people who also tend to maintain social contacts in other circles similar 
to theirs, even without the agent. In contrast, an implicit agent of change 
potentially has more diverse, i.e. heterogeneous, social contacts due to 
the possible variety of commitment priorities. In all probability, these typ-
ically extend to different social groups (Burt 1992). The broker’s stronger 
influence can also be seen in practical examples of agent-based modelling 
(Katona et al. 2011). Such modelling enables an agent’s additional mecha-
nisms of influence to be identified: for example, although an agent exerts 
a very strong social influence if he has a broker role, this can diminish as 
his number of social contacts increases. This could be due to the fact that 
an increase in contacts results in them becoming weaker, meaning that 
individual agents then tend to exert less social influence.
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The observed difference in powers of persuasion between implicit 
and explicit agents of change can also be attributed in part to reactance: 
‘Merely by virtue of the fact that a certain behaviour is promoted from 
the outside, this very behaviour becomes less attractive’ (Schwarz 2007, 
p. 414). According to this approach, then, reactance can inhibit agents’ 
powers of persuasion. Explicit agents of change in particular run the risk 
of invoking reactance owing to their clear position, but may, in contrast, 
result in an even better reception among like-minded people. In innovation 
research, people’s spontaneous and partly active resistance to an innova-
tion can be subsumed under the role of ‘resistance leader’ (Kiesling et al. 
2010). Such leaders have a particularly negative attitude towards an innova-
tion, and are able to considerably impede its dissemination success. One 
example of research is the effect this resistance has on product accept-
ance (Moldovan & Goldenberg 2004). In this way, consumers’ response to 
advertising campaigns, for example, can be modelled — dependent on the 
timing of these campaigns. One outcome of such modelling is, for exam-
ple, that mere advertising for an innovation (that is, before it has reached a 
certain diffusion rate) can create resistance, which can ultimately impede 
the diffusion of the innovation. In contrast, activating agents of change 
that have a positive attitude towards an innovation in combination with 
widespread advertising for an innovation may achieve a better diffusion 
of innovation.

The ability to model failure

When investigating agents of change, one does not always come across 
constantly successful innovative commitment — agents of change may also 
experience failure. Resources are required to ensure the consistent con-
tinuation of their commitment. In this case, resources are not necessar-
ily of a financial nature, but primarily psychological and social resources, 
and time management. 

One agent of change who was accompanied within the fieldwork 
encountered understanding on the part of his employer for his non-work 
activities. In other cases, however, we observed an acute overtaxation in 
the reconciliation of involvement with professional and family life, as well 
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as an excessive amount of tasks within the involvement, which led to the 
agent giving up his commitment. External expectations increase almost 
in proportion to the resource expenditure for the commitment — up to the 
point that the commitment is perceived as a substrate for governmental 
action, like a removal of responsibility from society, the state and politi-
cians (Nullmeier 2006, p. 176). The project is then often no longer able, 
through verbal appreciation alone, to evoke sufficient response23 in order 
to maintain the commitment. And yet response is an important psycho-
logical resource that is necessary with regard to the motivation of implicit 
and explicit agents of change for maintaining commitment that is not moti-
vated by monetary factors. But if other services are requested or broached 
that differ to those intended by the committed actor, then his motivation 
will even decrease if these are rewarded symbolically. The individual 
influence factors are therefore upper load limits and sufficient positive 
response. 

To what extent can such obstacles  
be integrated in a model? 

Such individually varying factors can be modelled in principle. In the pro-
cess, however, special consideration must be given to the distinct differ-
ences between agents of change. 

Overtaxation is quantifiable to some extent. The key to this is, for exam-
ple, generalisable limits on the active working hours available per day. If a 
limit is exceeded on a long-term basis, the likelihood of acute overtaxation 
will increase accordingly. Although acute overtaxation is virtually impos-
sible to predict in individual cases, general patterns can nevertheless be 
determined (Soares et al. 2007), which can be used accordingly in a sim-
ulation model as if-then rules.

Although confirmation through response can in fact be modelled, it 
is exceptionally difficult to determine in individual cases. Just like the 
activity of a real agent of change is dependent on positive response, the 
activity of a modelled agent could likewise be made dependent on it. It 

23 Within the meaning of Hartmut Rosa as a world and self-relation in Rosa 2016 .

Models for knowledge integration  

117



would be possible to express this dependence in the model as a function 
of response. Response, in turn, can be operationalised as the number of 
people in the agent’s environment who adopt his innovation. The require-
ment, however, would be the ability to determine this dependence empir-
ically beforehand.

These two examples show that influencing factors on agents’ actions 
can be modelled in principle, but that the exact data situation and rep-
resentation in the model may present difficulties. It therefore appears 
expedient to, first, base modelling closely on direct empirical observa-
tions. Second, such a model uncertainty can lead to a simulation model 
being applied for explorative reasons rather than for predictive purposes: 
instead of performing concrete estimates with the model, the consequence 
of assumptions should be investigated (Brugnach & Pahl-Wostl 2008).

The emergence of agents  
of change in the model

Citizens become agents of change under certain circumstances; it is not 
purely coincidental. This is also the case with regard to their commitment. 
If, then, a researcher would like to incorporate the emergence of these spe-
cial actors in an agent-based model, these conditions of their emergence 
must be well known. From which of their life situations do their innovative 
ideas occur? What are their motivations, or to which problematic situations 
is the innovation a response? Which constellations of a social network 
facilitate this phenomenon? With an implicit agent of change, orientation 
to sustainability, for instance, is not a primary motivation.

The findings from the fieldwork are ultimately unable to name a point 
in time and a singular reason for the emergence of innovative commit-
ment. What remained were individual isolated cases in which biographi-
cal coincidences also played a role, which should not be underestimated. 
The picture is diffuse. It cannot be said that the motivations invariably 
come from global contexts and that people began to be active from a 
determinable greater wealth of information about the hazard potential of 
a scarcity of resources or climate change. The driving forces mentioned 
by committed individuals included not only their own good life in a neigh-
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bourhood community, but also involvement in achieving more abstract 
goals within an entire region. No universally valid statements can be made 
about the conditions of the emergence of agents of change. These can  
only be described in qualitative terms for the relevant case under inves-
tigation.

How can such a phenomenon be integrated  
in an agent-based model? 

Although it is possible in any case to cause agents of change to emerge in 
a model, this emergence must be made to depend on explicit conditions. 
Ultimately, in an agent-based model, the emergence of an agent of change 
must be defined as a specific if-then rule. If empirical insights are lacking 
during the definition of this rule, then this may well occur at the expense 
of the realism of the model. 

An alternative source of modelling to empiricism would then be tested 
theories. In the context of the diffusion of innovations, this is the theory of 
Rogers (2003), for example. The concept of the agent of change is similar 
to that of the opinion leader in Rogers. Opinion leaders are characterised 
by being above-average with regard to the following properties: external 
communication, accessibility, socio-economic status and innovativeness. 
In this respect, these properties can be used, for example, as factors that 
make it more probable that a person will emerge as an agent of change. 
With this approach, modelling would probably be limited to having a ran-
dom number of agents of change emerge in a population. Which per-
sons these would tend to be could then indeed be modelled (qualita-
tively) in accordance with diffusion-theoretical approaches (such as by 
Rogers). However, it would clearly be uncertain how many agents — and 
exactly which ones — would be active as agents of change for how long. In 
other words, although it is technically possible to model the emergence 
of agents of change, fundamental uncertainty surrounds this procedure.

It is important to only interpret such an abstract, relatively unreliable 
model in the frame in which it is valid. An agent-based model that is only 
able to represent the emergence of agents of change unreliably should 
of course not be used for forecasting such an emergence or for predict-
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ing the frequency and duration of their activity. The emergence of possi-
ble opposite initiatives is virtually impossible to represent with an empiri-
cal basis either. However, it may nevertheless be very useful in order to be 
able to make other statements or to limit probabilities: assuming a certain 
number of agents of change would become active, a model would be able 
to estimate what effects their activity would tend to have. This effect can 
ultimately depend on the properties of opinion leaders (based on Rogers’ 
theory) that can be modelled and the empirical findings on implicit and 
explicit agents of change.

Altogether, therefore, the more individual these persons’ behaviour 
is, the more difficult it is to transfer agents of change to the agent-based 
model. Nevertheless, the interaction between qualitative, ethnologically 
oriented methodology and agent-based modelling proved to be extremely 
fruitful. Valid data can be collected simply by conducting participatory 
observation, interviews based on relationships of trust (Girtler 2002, 
p. 147 ff.) and a survey of the respective agent’s environment. The discus-
sions with the social environment validate the agent’s statements or reveal 
contradictions. This data, collected using open and qualitative methods, 
can be included qualitatively to a large extent in agent-based models. In 
the project, we specifically undertook this by testing policy scenarios that 
use the influence of agents of change in the simulation model.

4.3 Breaking habits –  
interaction between user experiments and  

agent-based modelling

‘Prediction is very difficult, especially if it’s about the future’ — although 
this citation (usually ascribed to Nils Bohr) has already been heavily used 
in the past, it still describes the central research question facing trans-
formation science. On the one hand, it is clear that behavioural change, 
particularly in the area of energy in buildings, can make an important 
contribution to the future achievement of climate objectives. Energy-sav-
ing behaviour can reduce building energy consumption by up to 30 per 
cent, and is possibly the most cost-effective saving option that does not 
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cause too many rebound effects (Wood & Newborough 2003). On the 
other hand, it does not appear to be clear from the start how this behav-
iour will be developed in future under one policy or another — or which 
policy measures are best suited for promoting energy-saving behaviour. 
However, the examples in the previous sections show how important and 
useful scenario statements about the future can be. For example, the pre-
diction whether environmentally friendly heating behaviour will spread 
within a society of its own accord or whether it would be better to inten-
sively promote measures addressing this behaviour can be highly relevant 
for policy, even today.

How to predict intervention effects

We are specifically interested, for example, in whether a ‘classic’ feedback 
device is more suited than a ‘transformational product’ (Hassenzahl & 
Laschke 2014) to change heating behaviour (i.e. heating and ventilation). 
Whereas the former mainly offers information about the effects of one’s 
action (such as changing the room temperature or energy consumption) 
in specific situations, the latter creates ‘friction’. In other words, it specif-
ically attempts to ‘break’ habits, exerting a much greater influence on an 
individual’s free choice. In addition, it provides information — albeit related 
much more specifically to a certain situation (such as ventilation) — and it 
attempts to make the more sustainable option for action attractive using 
emotional motivational elements and psychological basic needs (such as 
proximity). Whereas a simple feedback device displays the current tem-
perature and the air quality in the living space, including the associated 
energy consumption, it would be more difficult to create a conceivable 
transformational product such as opening the window by ‘friction’ if the 
CO2 value, i.e. the air quality, was still displayed as ‘green’ or if the heating 
was not switched off beforehand.

A growing number of publications now readily dare to make such pre-
dictions by measuring the effect of interventions in energy-saving behav-
iour as a simple difference in randomised experiments (Osbaldiston 2013). 
But is social life truly so simple to be able to accurately predict a similar 
future development in whole societies using effects produced in a num-
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ber of people in a number of households, almost under laboratory condi-
tions?24 

The following question arises: how valuable is the approach of merely 
conducting empirical observation when policy interventions are to be 
designed? What added value do complex agent-based models have in this 
context? And would they not have to be examined more closely beyond 
the propagation of the modelled technologies, including their specific 
effect, i.e. the energy and resource saving potential?

We wish to explore these questions by investigating in greater detail the 
interaction between empirical experiments on behavioural change and 
agent-based modelling, to be precise, using the example of the effects 
of different experimental interventions on individual psychological varia-
bles related to different people. The measured results generated from the 
user experiment are incorporated into the model for estimating altered 
heating behaviour, which represents the diffusion of the products and the 
altered behaviour in the group of modelled agents. Integrating user exper-
iments (real-world field experiments in a few households) into a model 
(a hypothetical virtual experiment in many households) enables us to dis-
cuss how empirical experiments benefit from virtual experiments, and 
vice versa. Although specific challenges of integration become apparent 
at some points, interfaces are also identified at which real-world experi-
ments (empiricism) and virtual experiments (the simulation model) are 
complementary. 

How empirical experiments benefit from virtual experiments –  
theories as a requirement for universally valid experiments

Let us assume that a simple randomised laboratory experiment came to 
the conclusion that simple feedback has a stronger effect. We would com-
municate to policymakers a simple probability of behavioural change as 
a recommendation for action. But what if only students took part in the 
experiment, students whose need for autonomy is so great that they per-

24 This question is particularly legitimate if the criticism by Angus Deaton, the 2015 winner of the Nobel 
Prize for Economics, concerning the supposed methodological superiority of experimental designs is 
taken seriously (Deaton 2009) .
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ceived the transformational product to be too restrictive — but in reality the 
majority of the population had in fact changed their behaviour? In order to 
overcome the problem described above, experiments must first be con-
ducted involving a representative sample. But still one would be faced with 
a problem that the cited experimental literature is often unable to over-
come: the simple empirical observation of experimental effects it is still 
far from producing a prediction for the future.

In the absence of clear, monocausal correlations, which define social 
life, a relative prediction — i.e. a probability statement — can be considered 
as the best possible statement concerning future developments. Within the 
history of science, it has become established convention to derive such 
statements from statistical models of causal interrelations between vari-
ables — i.e. from a (quantitative) model. In this case, the most important 
assumption for the predictive or forecasting powers is that there are such 
good observations (from the past), in principle at least, that the future can 
be predicted from them to a large extent. And yet how do we know that 
the sample was in fact representative — with regard to the characteristics 
that are crucial for the magnitude of the effect? Moreover, how sure can 
we be that a mere coincidental detail of the experimental design did not 
cause the effects (or a detail that was not considered in the experiment) 
and that exactly the opposite will occur in reality? If we assume that inter-
relations observed in the past will also have some explanatory power for 
the future too, we must first postulate a theory about these interrelations 
in order to know the circumstances under which similar observations can 
be expected in the future.

An agent-based model  
makes theories empirically verifiable

An agent-based model embodies such theories. It models very specific 
theoretical assumptions that can be tested empirically — in this case about 
the mechanisms of human behaviour and about the behavioural patterns 
of different interventions. Summarised briefly, we define behaviour as 
the combination of actions from different motivations at the individual 
level, which differ from person to person. These include the social norm, 
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rational values and psychological basic needs and emotions. In certain 
situations, then, specific combinations of these individual characteristics 
come to light and generate behavioural patterns, one of which is habit. In 
contrast, we understand interventions to be the targeted external chang-
ing of either these characteristics or the benefit that agents gain from cer-
tain courses of action according to their characteristics. Feedback on air 
quality in the room, such as in the form of a CO2 traffic light device, could 
make the ‘shock ventilation’ option more attractive in the specific situation 
of ‘ventilation’ if the user prefers to keep the traffic light on green.

In concrete terms, such psychologically more detailed theories were 
used to add parts to the model by Jensen et al. (2015) that enable different 
effects of different combinations of interventions on different agents to be 
modelled. How and why do people change their behaviour? This mainly 
occurs on the basis of the ‘consumat’ model (Jager et al. 2000): agents 
gain a certain utility from a certain behavioural option according to their 
psychological characteristics. As long as this advantage remains above 
a threshold in a certain behavioural option, they will repeat this option 
again and again. Based on an optimisation algorithm, agents only then 
actively decide (again) if they fall below the threshold. They are there-
fore ‘captured’ in repeat or habit mode, even if their attitudes towards the 
repeated behaviour (slowly) change. Interventions such as the transfor-
mational product are not only able to change preferences (causing them 
perhaps to fall below the threshold for the first time in a long while), they 
are also able to ‘force’ agents directly into certain action modes by making 
repetition ‘more difficult’ and demanding an active decision.

Combining different theories in such an agent-based model therefore 
delivers very specific predictions that can be verified in reality — namely far 
beyond a simple experimentally measured difference between the control 
group and the test group. We want to monitor the best way to change peo-
ple’s behaviour. On the one hand, one can simply disturb behaviour such 
as by reducing room temperature if it is too high. Then again, one could 
draw on emotions and norms to bring comfortable temperatures closer 
to energy-saving heating. In this case, agents want to consciously change 
their behaviour, but are not forced to do so. For example, the model pre-
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dicts that habits will not change even there is a great motivation for an 
alternative behaviour unless a different cognitive schema is activated — that 
is to say, a conscious decision as opposed to subconscious repetition. 
It can also be assumed that transformational products are particularly 
suitable for simultaneously changing the mode of behaviour in favour of 
a conscious decision. The agent-based model describes all of these inter-
relations in quantitative terms. By estimating the relevant parameters and 
the associated error terms, statements can be made about which prop-
erties households would have and which particular interventions have 
a particularly good or poor effect. Many more general hypotheses can be 
tested — beyond the laboratory situation.

In other words, in contrast to a mere experiment, a model may be capa-
ble of combining the theory with empiricism such that the complexity of 
transformation processes is taken into account to the greatest extent pos-
sible. Concerning the contribution a feedback product makes to achiev-
ing climate and resource targets, for instance, it is of no small importance 
whether this will have a much smaller effect if it continues to be dissemi-
nated, because all those who were about to change their behaviour have 
already been reached. In this case, theories help us to include the corre-
sponding control variables in the explanation of the measurement results, 
contradicting the specific assumption that this feedback product is ‘better’ 
than another intervention.

Achieving more efficient empirical analysis  
through model-based approaches

In addition, agent-based modelling enables empirical work to concen-
trate on certain crucial patterns. For instance, the model developed pre-
dicts structurally (independently of the relevant parameter values) that the 
intensity with which the respective intervention is forced from the repeti-
tion heuristics to the decision heuristics will be the key property of inter-
ventions (‘sensitivity’ of the behavioural variable). However, it also points 
out that this intensity may be at odds with agents’ needs for autonomy. 
It might therefore be that an intervention then completely destroys exist-
ent motivations in favour of new behaviour. The model therefore enables 
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us to understand better which interaction, which intensification and which 
conflicts arise between the intervention in behaviour and the self-moti-
vated change in behaviour. Does an external intervention make a behav-
ioural change easier or is it counter-productive? This is then dominant for 
the design of the experiment or its groups, which should preferably cover 
the maximum possible variance of these intervention variables in particu-
lar — so that precisely such hypotheses can be examined in a valid way. In 
this way, focusing on the calibration of a specific model also enables the 
experimental design to be shaped more efficiently because, in the best 
possible case, the very variables that are necessary to make a convincing 
prediction will indeed be measured.

Systems of equations  
versus agent-based models

And yet where does the added value of such a complex agent-based model 
lie compared with a simpler system of equations? For example, a simple 
equation could describe a linear relationship between behavioural change 
and the social norm. The higher the social norm and the more urgently 
friends and family members suggest a change in behaviour, the sooner 
one’s own behaviour will change. The behavioural patterns behind an 
experiment could be described in exactly the same way. There would be a 
lot less uncertainty in the formulation of the model and, by the same token, 
it may be possible to empirically justify a simpler approach because far 
fewer variables would have to be measured.

Agent-based models can be regarded as particularly expedient in the 
area of transformation science because they have the possibility to explain 
the complexity of social life within the model, rather than having to accept 
them as being externally given variables at any given point in time (i.e. con-
stant): it is of elementary importance to transformation, for example, that 
the characteristics of individuals that are crucial for their behaviour do in 
fact change — such as by way of policy interventions. What is more, it is 
probable that agents will not only respond very differently to interventions, 
but that behaviour will spread among agents in different ways — for exam-
ple, as a social norm within individual networks that are structured very 
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differently. What interventions do people talk about? Which intervention 
encourages not only the user of feedback products to change his behav-
iour, but also his friends and acquaintances to change theirs, too? Agent-
based models represent a particularly profound attempt to fruitfully com-
bine ‘understanding’ the complexity of social life with ‘explaining’ it by 
means of theories and models, in order to ultimately be able to estimate 
the effects of policy measures. One (single) system of equations, as used 
often in empirical social and economic research, would have great diffi-
culty representing such dynamics that differ from agent to agent.

How models benefit  
from empirical experiments

Empiricism can, then, benefit from modelling. Conversely, it was also pos-
sible to support modelling decisions empirically. Of course, adapting the 
model to data follows the assumption that ‘science is but an image of the 
truth’ (Bacon 1620). Such a method, therefore, does not question whether, 
but which type of empirical foundation the best possible ‘image’ or reality 
requires so that the scenarios it delivers can serve as an appropriate basis 
for policy interventions. However, many agent-based models can only gen-
erate meaningful patterns for very limited intervals of the individual vari-
ables, particularly if they represent the diversity of social characteristics 
that are relevant for energy and resource consumption. To what extent can 
heating behaviour, then, be explained better if complex models are addi-
tionally adapted to reality? We will discuss this below on the basis of our 
example of heating habits, which will first be explained briefly.

Modelling habit

The ability to model habit is particularly interesting for our agent-based 
model of heating behaviour. A central aspect of habits is that they occur 
automatically in specific situations. As portrayed in the model by the thresh-
old, people can be ‘captured’ in their habits, which they in fact (ration-
ally) no longer even support. One way in which to explain this is that, in 
the same situation, the same behaviour is repeated that was perceived to 
be satisfactory, particularly with regard to our basic needs, spontaneous 
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reflexes and, not least, emotions. The more frequently, then, a behaviour is 
repeated, the more these more unconscious motivations play a role com-
pared to more conscious values systems, for instance. The current option 
for action is therefore charged with utility. On the one hand, this makes it 
more difficult to break the automatism, i.e. overcome the threshold. On the 
other hand, however, this additional utility would also continue to exist in 
the case of a conscious decision to break the habit — alternative courses of 
action then appear to be less beneficial simply due to the constant repeti-
tion of the current behaviour.

As such, habits also have effects on agents and their (psychological) 
characteristics. People retrospectively adapt their value system to their 
behaviour (‘dissonance reduction’; Festinger 1954). It could, for instance, 
be the case that, simply due to a quite strong intervention (‘windows may 
no longer be tilted open’), repeated shock ventilation would at some point 
result in the agents’ attitude approaching the threshold so that environ-
mentally friendly behaviour also ultimately continues to exist without 
the intervention25. This is particularly important because the intervention 
encourages learning, as it were, and helps to develop a behaviour that ulti-
mately no longer requires the intervention. Its aim is to make itself super-
fluous. With a view to a resource-conserving change in heating practices, 
this is a very valuable consideration.

Adapting agent-based models to data

Such a theory could now be modelled at different levels of abstraction and 
complexity. The simplest model is a mere comparison of effects without 
any consideration of the underlying mechanisms, i.e. without in fact being 
able to explain the observed changes. In addition, one could define a sin-
gle function for all habit processes; their usefulness would increase in line 
with the increase in the number of repetitions of the same behavioural 
option. A reduction of possible influences of certain interventions from the 
start would also be conceivable: in this way, one could already theoreti-

25 For a good overview of the psychological mechanisms behind habits, see Verplanken and Wood 
(2006) .
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cally exclude ‘classic’ feedback via ‘rational’ information having an effect 
at all. However, this shows that such purely theoretical formulations are 
subject to a certain arbitrariness: in principle, a model is also able to repro-
duce a certain behaviour (by chance), even if the underlying assumptions 
do not accurately describe reality. The prediction could be accurate at this 
moment in time, but could be thrown into disarray the very next day due 
to all kinds of underlying effects that then appear to be random26.

In contrast, in the first step towards greater empirical foundation it is 
possible to adapt an agent-based model to empirical patterns by means 
of ‘pattern-oriented modelling’ (Grimm et al. 2005). The parameter val-
ues and model structure of an agent-based model can be varied, whereby 
tests are performed to check whether a certain (observed) behaviour is 
produced by the model. In certain respects, therefore, pattern-oriented 
modelling connects the generalised data from empirical experiments to 
an inverse calibration of models. This method helps, then, to find abstract 
model rules that can explain the observed reality.

To ensure that not just any agent-based model can do justice to this 
indirect calibration, it is important to reproduce the ‘occurrence’ of sev-
eral empirical patterns at the same time. If only one type of observation 
were used, potentially numerous models would be capable of reproducing 
this target value. If, for example, this parameter was a certain percentage 
of users of a product five years after its commercial launch, then almost 
any diffusion model would be suitable for reproducing these patterns by 
way of parameter variation. In addition to the percentage of users, there-
fore, the grounds for adoption (influence from social contacts or merely 
information), the degree pf satisfaction with a new product, or the length 
of product usage, for instance, could also be recorded empirically and 
used as patterns. Only this quantity of patterns would truly ‘filter’ which 
models could constitute potential explanations of reality. Models with too 

26 In this case, reference is made to ‘overfitting’ . In simple randomised experiments (without under-
lying models), we do not observe systematic patterns of the error terms that point to such problems 
of unobserved heterogeneity or endogeneity in a regression, i .e . in a simple system of equations . As a 
result, unobserved third variables are described which actually appear to be responsible for the effect 
and can reverse the causality, i .e . the direction of the effect .
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restrictive degrees of freedom (i.e. too simple explanations) would then 
no longer be accepted as potential explanations. Conversely, overly com-
plex models could be rejected because they are unable to reproduce all 
of the necessary patterns. The by all means complex agent-based model 
constructed for our case of heating and ventilation is initially sufficiently 
general that different combinations of parameter values could result in the 
same behaviour pattern. A change in behaviour, for example, could be due 
to a shift within the conscious decision, or to the threshold between rep-
etition and decision mode being exceeded. Exceeding the threshold, on 
the other hand, could be a result of a low threshold or of the agent’s char-
acteristics which are closer to the threshold. 

As such, the agent-based model outlined here constitutes a further step 
towards a more detailed adaptation of models to data. After all, in our 
case, it is possible and expedient to undertake a direct estimate of spe-
cific parameter values from the data in addition to structural model deci-
sions (which level of abstraction reproduces the empirical measurements 
best?). It is therefore a matter of pattern-oriented modelling at the parame-
ter level, and hence frequently direct calibration. An overly complex model 
could then be rejected if it only explains the overall change in behaviour, 
but fails at the level of individual function values (such as the increase in 
habitual use with every repetition). Conversely, we reduce the risk of hav-
ing too simple model structures by initially being able to reduce very com-
plex functions (for example, thresholds dependent on all agent properties) 
according to the empirical significance of individual correlations. In this 
way, the maximum potential volume of experimental data is then used to 
achieve the best possible prediction of behaviour.

The example of user experiments –  
the possibilities and limitations of interaction  

between an experiment and modelling

And yet what is an efficient strategy for empirically underpinning such a 
model? In the following, we would like to find out exactly which experi-
mental data is required to achieve this. Time series data would actually be 
necessary to be able to model the effect of feedback products in a struc-
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turally correct and realistic manner. After all, even a model of individual 
behaviour without intervention would theoretically be dependent on being 
able to observe the same individual with different behaviours. Statistical 
methods also enable this difference to be calculated from cross-sectional 
data from surveys up to a certain degree. But if the effects of interventions 
are now to be measured, this becomes more difficult27. 

Field experiments are ideal for collecting this time series data. They 
are used to test interventions in households that really exist. In this case, 
an exact estimation can be made of how quickly an effect occurs, and 
whether and when certain participants in the study perhaps revert back to 
earlier behaviour patterns. However, since the development of such proto-
types is expensive, particularly at the early stage, and therefore only very 
small samples can be recruited, field experiments involving new inter-
ventions are only possible to a limited extent. In our case, it was pos-
sible to develop a feedback prototype and to incorporate it in the field 
test. The field experiment followed the three-phase design of the Living 
Lab research based on Liedtke et al. (2015). In the first phase — insight 
research — 12 households in Bottrop and Oberhausen were asked about 
their heating habits in face-to-face interviews (concerning the results, see 
Buhl et al. 2016, Baedeker et al. 2016, Liedtke et al. 2014)28. The descrip-
tions of those interviewed and the observations made by the interview-
ers during the insight research formed the basis for the development of 
the prototype in the second phase (see Figure 11). Using knowledge of 
the aesthetics of friction (Hassezahl & Laschke 2015), a feedback design 
was developed from a number of draft concepts that received informa-
tion from previous investigations. This feedback design combines moti-

27 Even with very large samples one would be able to find a (virtually) exact match to every individual in 
the control group between which the difference would be measurable . However, this would only apply 
for the actually measured control variables, meaning that it would never be possible to completely 
exclude a ‘problem of control’ concerning the causal analysis (unobserved third variables) . In technical 
terms, the researchers want to control (i .e . to be able to say for sure) which behavioural change would 
be produced by the experiment, and which were already existent, possibly due to existing behavioural 
dispositions such as a general openness towards change .
28 The qualitative, in-depth survey was flanked by a statistical analysis of secondary data on the heat-
ing practices of the 2012 study on environmental awareness (Rückert-John et al . 2013) . This mixed 
methods research enabled us to quantitatively validate the qualitative findings on motivations and in-
fluencing factors for heating behaviour and the significance of heating practices .
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vating and intervening elements of a persuasive and frictional, irritating 
or transformational feedback device (Hassezahl & Laschke 2015). The 
feedback design provides graphic information about the room temper-
ature and humidity, it interrupts ventilation without reflection that is not 
expedient when the heating is still switched on, it provides delightful tips 
about more energy-efficient heating behaviour, nudging the user towards 
an indoor temperature that seeks negotiation between personal well-be-
ing and general energy utility. In theory, the combination of different feed-
back levels (motivating and strict, general and individual utility) facilitates 
the most effective behavioural change possible, taking into account peo-
ple’s subjective well-being. The technically complex prototype was tested 
in the field in households over a period of at least four weeks: the field test 
involved measuring a one-week baseline, a two-week test phase involv-
ing the use of the prototype, and a one-week debriefing phase following 
the withdrawal of the prototype in order to be able to measure short-term 
reversion to old heating habits. The room temperature, humidity and ven-
tilation times were measured throughout the experiment. In addition, all of 
the households were interviewed about their heating behaviour and expe-
rience before and during the field test. The field test helps us to check for 
real (or in-situ) whether new possibilities of intervention actually cause 
people and households to change their heating and ventilation behaviour. 
In this way, the design of a field test involving a few participants also ena-
bles a user-centred prototype to be developed, facilitating a more effec-
tive design of feedback products. After all, Buchanan et al. (2015) demon-
strate that user-integrated or carefully designed feedback products enable 
users to understand their habits and routines better, and to question them.

However, we do not know for sure whether it functions exactly like this in 
other people, and which other mechanisms could be crucial to behavioural 
changes. For this reason, we decided to supplement the field experiment 
involving a few households with a ‘survey experiment’. The user experi-
ment therefore combines two experiments — a field experiment and a sur-
vey experiment — in a Living Lab design, as illustrated in the figure below.

The online experiment attempts to combine the representative sample 
and low costs per unit of analysis of a survey with the time series data of 
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an experiment. Several hundred trial participants were chosen randomly 
from a representative pool of test persons and their participation was rec-
ompensed monetarily. The trial participants took part in the online exper-
iment anonymously to ensure that socially desirable response behaviour 
did not distort the validity of the survey. 

The basic idea was to integrate the fundamental levels of intervention 
(persuasive, frictional, but also mandatory and freely adjustable heating 
systems as the control) as text vignettes in a randomised survey, and to 
ask the trial participants about their probable behaviour before and after 
the intervention. After all, it is only possible to ask in detail about all kinds 
of control variables (and how they change) about attitudes, the trial par-
ticipants’ personality dispositions and intervention dimensions in a survey 
experiment. In contrast to the field experiment, however, one must always 
rely on the subjective information provided by the respondents as to how 
they would behave. What is more, it involves measuring their hypotheti-
cal response to a description in words of an object whose idea is tangi-
ble, that stimulates many senses, and that occurs in certain situations. We 
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Figure 11: User experiment in the Living Lab design 
(Source: Own illustration, based on Liedtke et al. 2015, p. 111)
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based this description on our experience in the field experiment, but can 
never say for sure if, for example, the ‘irony’ with which the transforma-
tional product reflects user behaviour would also have been perceived as 
such in a real-world situation.

Another difficulty is the fact that, in the survey, all trial participants 
were questioned twice, i.e. before and after the intervention, within a short 
space of time. This could easily lead to the first query distorting the later 
behavioural reaction (referred to as social desirability or priming) or the 
query concerning behaviour distorting the later answer concerning per-
sonality traits. For example, we are interested in how ‘activated’ the partic-
ipants are with regard to energy- and resource-saving behaviour. Is it just 
a matter of overcoming ‘bad’ habits, or would an entire system of values 
have to be changed in order to induce a change in behaviour? If, for exam-
ple, we ask the participants at the start of the survey whether they shop 
regularly at organic grocery stores, then it could well be the case that the 
participants then ‘get wind of’ the desirability at the later query concern-
ing behaviour and answer differently to how they would behave in real-
ity. But if we ask them in reverse, i.e. about their behaviour in response to 
the description of the intervention, then this should have influenced their 
perception of behaviour control, for example. If the intention was then to 
enquire about the basic value of this very control, it would inevitably be 
distorted.

Important strategies to dispel these concerns wherever possible include 
involving a control group (the questionnaire also produces a behavioural 
change in the control group, which can then be subtracted from the actual 
effect), and asking about certain crucial variables in many different ways 
so as to exclude random response behaviour. In addition to estimating the 
individual model parameters and reviewing the subhypotheses and indi-
vidual theories, a global validation of the behavioural change predicted by 
the model must also be undertaken. 

A further difficulty now arises from the combination of field experi-
ments and virtual experiments alongside all of the advantages outlined: 
many of the model parameters are highly latent, i.e. ‘hidden’ constructs in 
reality. Although it is possible to directly measure the utility that an indi-
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vidual gains from a behaviour, there are competing approaches from all 
kinds of academic schools concerning this, and uncertainty would sur-
round the measured value in spite of its empirical foundation. It is even 
more complicated to measure a parameter that is not only ‘hidden’, but 
also aggregated in the model: the threshold that decides whether a habit 
continues or a decision is taken is not even known by the individuals them-
selves, let alone the researchers. The threshold also combines parts of 
many different more or less well observed personality dispositions, such 
as compatibility, i.e. openness and the ability to empathise with other peo-
ple, or conscientiousness, i.e. an individual’s precision or determination, 
and similar dimensions that can only be measured latently.

Whereas in principle the most important countermeasure here is ini-
tially to directly compare different measurement scales for each construct 
with each other, there is an overall risk of the model becoming unneces-
sarily complicated, although it is then oriented more closely to measurable 
constructs. We strive to counter this risk by initially assuming a multitude 
of necessary parameters, as described, and then attempting to simplify 
them through statistical analysis. Finally, indirect calibration by means of 
pattern-oriented modelling can by all means also make a contribution here 
by reducing uncertainty further within directly measured value ranges — or 
by producing comparable results using structurally simplified models. 
However, we hazard the assertion that this multitrack method of adapt-
ing the model to the data ultimately leads to the emergence of an agent-
based model that will have more to do with (future) reality than ‘overly 
complex’ models that have been purely structurally validated on the basis 
of the result.

Empirical and virtual experiments  
for a better understanding of behavioural change

A potential win-win situation may arise when agent-based models are able 
to model general theories on human behaviour or how interventions act 
at the individual level, with the aim of achieving this with no loss of com-
plexity. The simplification of certain parts of the model, functions or vec-
tors mentioned in the previous section now reveals a more general added 
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value at this point. It entails the possibility to rule out specific and very 
complex theories with a short reach in favour of much more general the-
ories. In this context, reduction could be grasped as an essence of good 
theories.

In the first instance, the explanatory power of theories could be weighed  
against each other empirically. For example, it could be that habits can-
not be explained from the complex interaction between individuals’ psy-
chological needs, but that what are referred to as ‘practices’ (in the sense 
of the same habits) render all other variables insignificant. In addition to 
heating behaviour, not only a structural model decision would emerge, 
but also a theoretical added value if it could be shown, for example, that 
the threshold that enables agents to choose between different modes of 
behaviour or heuristics is the same from agent to agent and for all differ-
ent types of motivation. Then one would know from what point, at which 
level of habit, interventions will be able — or not — to probably reach most 
people.

For us, therefore, it was particularly interesting with regard to the inter-
ventions investigated to determine how interventions can be classified for 
reasons of simplification and, ultimately, which classification dimension is 
most effective at changing habits. This could then have a theory-building 
effect because such a global theory does not yet exist, at least not in the 
area of habits. The most important intervention dimensions were isolated, 
one after the other, depending on how strongly or severely the interven-
tion influences behaviour or has a motivating effect on it. Here, too, it may 
also turn out that individual differences play a minor role. Our user exper-
iment, for example, suggested that the key factors are how the interven-
tion motivates a person to pursue a certain option combined with a par-
ticularly drastic intervention (severity) in the occurrence of established 
repetitive patterns for all individuals. Severe intervention alone can have 
a counter-productive effect. In this case, sustainability policy could have 
a completely different design — if, namely, the cost structure was minor 
information merely at the rational motivation level. Simple effects from ran-
domised experiments could then be fed into considerably simplified mod-
els with much more confidence. 
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Ultimately, irrespective of the accuracy of such hypotheses, an addi-
tional ‘feedback’ loop would be conceivable: the advantages of virtual 
experiments — such as in the case of a longer time horizon and large sam-
ples — could be harnessed. Findings such as on interaction between cer-
tain intervention features and their psychological dimensions to become 
dissipated in very large populations could then enhance the design of new 
interventions. For example, it could emerge that a lower individual effect 
would result in a larger overall effect owing to a lower intensity of interven-
tion since social dissipation would then meet the motivations of a major-
ity of the interested population better. However, it already appears obvi-
ous that existing interventions are characterised by a certain interaction 
between variables. Although it would be desirable to construct custom-fit 
interventions as a result of the virtual experiments, in the user experiment 
we likewise determined that interaction effects of these variables do not 
enable such a construction to be made for the time being; the dimensions 
of intensity and motivation have too different an effect on different people 
with different personality dispositions (Bettin et al. 2016).

In spite of everything, we will never be able to deny ‘fundamental uncer-
tainty’ (Keynes 1936). We should never assume that past causal mecha-
nisms can describe the future with adequate precision. In the end, how-
ever, the strengths of surveys (representativeness) and field experiments 
(actual effect) can be combined with virtual experiments so that, in view 
of the dominant complexity, the best possible predictions can be made 
on the efficacy of sustainable policy interventions. Such a methodological 
approach can then claim to understand the world of behavioural change 
better, also theoretically.
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4.4 Modelling an ecological dilemma:  
energy versus resources

Transformative research seeks to contribute to catalysing specific change 
processes. In line with the normative content, changes are to occur in the 
interests of a (more) sustainable society. In the process, however, it could 
transpire that the development of solutions and technical and social inno-
vations is supported in one area of sustainability, but has negative conse-
quences in another area. This is referred to as problem shifting.

Risk of problem shifting

In order to illustrate this phenomenon, let us take a common example out-
side the EnerTransRuhr context: a transformation was initiated some time 
around 2005. Politicians required a minimum content of ‘biofuels’ (e.g. 
bioethanol and biodiesel) at filling stations. Benefits were expected to be 
gained in the economy, in the social areas, and for the environment: agri-
culture would be able to develop a new sales market, and existing filling 
stations would be able to remain. Although the combustion of bioethanol 
and biodiesel causes carbon dioxide emissions, these are compensated 
by the plants (‘renewable raw materials’), which in turn are processed into 
biofuels. Virtually a zero-sum game, therefore, unlike with the combus-
tion of fossil fuels. If petrol suddenly became ‘cleaner’, automobile manu-
facturers would no longer need to work as hard towards designing more 
economical engines, and we could all continue driving our cars without 
feeling guilty. Biodiesel and bioethanol have since become billion euro 
businesses. Apart from that, however, everything else has gone wrong, and 
the consequences are dramatic. 

Not least the growing demand for biodiesel has led to a massive expan-
sion of palm oil plantations, especially in Southeast Asia. This leads to a 
loss of valuable biodiversity. A large number of animal and plant species 
are losing their habitats. People, too, are being expelled — sometimes by 
force — to make space for plantations. The combustion of virgin forests and 
the processing of peat soils release up to 20 times more greenhouse gases 
than when fossil-based diesel is used. The problem shift has since been 
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recognised. But the policy-backed development has long taken on a life of 
its own. Unfortunately, certifi cation systems stating that energy plants may 
only be grown on existing agricultural areas are not the solution. After all, 
if energy plants are grown on existing agricultural areas, the agriculture 
that previously took place there will have to fi nd space elsewhere, result-
ing in the clearing of forests. A knock-on effect. 

There are a number of examples — technical and social innovations for 
dealing with technology — where a lack of a comprehensive technological 
impact assessment has led to problem shifting, in spite of having a differ-
ent intention originally — as in the example above. Reduced to a common 
denominator, these developments can be described as being ‘well con-
ceived, but badly made’. 

The heating transition

As described above, the EnerTransRuhr project specifi cally involved pro-
tecting the climate by achieving the energy refurbishment of buildings or 
by using change-inducing feedback products. For the fi rst case, home-
owners’ decisions for or against energy refurbishment measures on their 
houses were modelled (Friege 2016). The second case involved explor-
ing behavioural changes concerning heating and ventilation by means 
of transformational products (Jensen, Holtz, Chappin 2015; Jensen et al. 
2016). In addition, the diffusion of measures, devices and behaviour was 
modelled in both cases.

BOX 8

Discussions between neighbours

We have already established that people behave differently. What seems nor-
mal to one person may seem crazy to someone else, as is also the case with 
regard to the everyday activities of heating and ventilation. 

These lines were written during the winter of 2015/16, which went down in the 
books as a very mild winter in Germany. One of the authors had not yet turned 
on the heating in his apartment. Why not? Because the temperature indoors 
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had not yet fallen to below 18 degrees Celsius. ‘Pardon?’ was the neighbours’ 
reaction, whose apartments are usually kept at a minimum of 20 degrees 
Celsius. The author’s exemplary energy-saving behaviour has not (yet) had any 
spill-over effect at all. Even the point that evenings could be spent on the sofa 
watching fi lms cuddling under a blanket failed to convince them. Maybe trans-
formational products could be useful. But then ears pricked up at the mention 
of the temperature not even falling below 18 degrees Celsius at night, despite 
not having the heating on. This was due mainly to the brand new triple glazing 
windows. That was reason enough for some of the neighbours to seriously con-
sider whether they, too, needed new windows. 

The author decided to install new windows upon moving in: if it’s chaotic any-
way, then why not get rid of the old windows that gave inadequate thermal insu-
lation. However, the neighbours have been living in the three-storey multiple 
dwelling for much longer, and tend to calculate on the basis of a cost-bene-
fi t analysis. Also, they like to have it cosy rather than stressful, and prefer to 
wait for the next major refurbishment so as to kill two birds with one stone. 
The façade of the building, for example, will have to be refurbished some time 
over the next decade — provided that no structural damage occurs before then.

Hence this was also another potential systemic problem shift: a current 
discussion is concerned with the question of whether the measures for sav-
ing energy and emissions in the building sector (including insulation and 
feedback products) would lead to no negative trade-offs or whether more 
energy would be used to produce the insulating material than can subse-
quently be saved by the insulation. In addition, it is argued that insulation 
is resource-intensive and will generate additional waste streams in the 
future. If no negative trade-offs occur, there is also no risk of problem shift-
ing. But if the other opinion is correct, this could be highly relevant with 
regard to the heating transition in Germany: the transformation of heating 
requirements in the building stock. After all, the second case would mean 
that heating energy, and the resulting emissions, could only be saved in 
Germany if considerable amounts of energy and resources are consumed 
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in order to produce the insulating materials (possibly in other regions of 
the world). The problem could then perhaps be shifted geographically 
and ecologically. Concerning this, the following always applies (it is not a 
law of nature per se, but almost as good as one): raw materials extracted 
from nature (irrespective of the kind of materials) that enter human society 
(the ‘anthroposphere’) must be returned to nature at some point as waste 
(not only as solid waste, but also in the form of air or water emissions). 
Recycling may be a way to keep substances in the anthroposphere for 
longer, but not for an indefinite period. The problem could, then, also be 
temporally and ecologically shifted. However, it must be borne in mind 
that one does not just save oil, gas or electricity, but also the entire raw 
materials (including energy) along the production chain.

Political relevance

Once again: transformation research must be open to this issue of a poten-
tial problem shift. We are presented with the following dilemma: saving 
energy versus consuming resources and generating waste. Homeowners 
usually give much less thought to this than to the cost of a measure (motor-
ists are also not usually interested in what percentage of the fuel from the 
petrol pump is made up of biodiesel, and what effects this has on other 
places in the world). But politicians and researchers must address these 
issues. Although Germany has established strong political frameworks in 
the areas of climate and renewable energies, the country has also started 
to give resource efficiency and resource conservation a prominent posi-
tion on the political agenda. The issue of resources is gaining in political 
importance in Europe and across the world.

The development of Germany’s resources policy is taking place in 
the context of European and international activities focusing on increas-
ing resource efficiency. For example, the flagship initiative on ‘Resource 
efficient Europe’ of the Europe 2020 strategy and, building on this, the 
‘Roadmap to a Resource Efficient Europe’ outline the vision of a sustaina-
ble Europe up until 2050, causing this vision to gain in impetus and impor-
tance. The ‘G7 Alliance on Resource Efficiency’ was established recently 
(at the G7 Summit in Elmau in 2015) under Germany’s lead. The German 
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Resource Efficiency Programme ‘ProgRess’ was adopted at the beginning 
of 2012, and is currently being updated. During the first stage (ProgRess I), 
it was implemented with the aim of moving towards the sustainable use 
and extraction of natural resources. According to this, economic growth 
should be decoupled to a large extent from the use of natural resources, 
boosting Germany’s innovative drive and competitiveness. The second 
stage (from 2016 to 2020, ProgRess II) is now just around the corner. The 
(provisional) central ideas remain unchanged in ProgRess II: linking envi-
ronmental necessities to economic opportunities and a focus on innova-
tion as well as social responsibility; considering global responsibility as 
a central orientation of national resources policy; gradually making man-
agement and production methods in Germany less dependent on primary 
raw materials; further developing and expanding closed cycle manage-
ment; and securing the long-term sustainable use of resources by guiding 
society towards qualitative growth. In order to further develop the German 
Resource Efficiency Programme, which also advocates reducing absolute 
material consumption, design characteristics of successful resource con-
servation policy were derived from different studies. Setting absolute tar-
gets for reducing material consumption, as already exist in the case of cli-
mate-changing greenhouse gas emissions, would constitute a major step 
forward. Last but not least, waste-related concepts such as waste avoid-
ance now also take a prominent position: such as in the European Waste 
Framework Directive and the German Law on Closed Cycle Management 
as the top priority of what is referred to as the ‘waste hierarchy’.

In a nutshell, the following applies: global material consumption has 
doubled in the past 30 years, and is likely to double again by 2050, with 
a world population that is expected to have grown to up to ten billion 
by then. It is virtually certain that such a level of resource consumption 
will not be sustainable from an ecological, economic or social perspec-
tive. This clearly demonstrates that a major challenge will be to ensure 
that measures for the energy transition do not put a spanner in the works 
of the resources transition. And vice versa. In the spirit of transforma-
tive research, appropriate findings offer the chance to support or impede 
change processes. Depending.
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Cornerstones of an approach

How, then, can conflicts of objectives, problem shifts and synergies be 
identified and translated into actions? There is no single uniform proce-
dure. As a rule, modelling is applied that is supposed to develop scientif-
ically based recommendations for the specific context and the specific 
issue. This essentially means that attention must be paid to details, while 
not losing sight of the overall picture. In the process, the following two 
cornerstones must be observed without fail. First, the entire life cycle of 
energy-saving products, services or measures that use resources must be 
examined carefully. Only then can it be ensured that problem shifts are 
considered across geographical and/or temporal boundaries. Second, the 
dynamics of the problem to be resolved should at least be recognised and, 
ideally, integrated into the modelling of the system. 

The economic, technological, legal and demographic framework con-
ditions surrounding the problem will unavoidably change in the future. 
If tomorrow’s thermal energy (that is saved) and tomorrow’s electric-
ity (part of which will contribute towards making energy-efficient prod-
ucts) will generally be produced from other sources, this may have con-
sequences for the general consideration of the energy versus resources 
dilemma.

Let us now take an example from the EnerTransRuhr project that shows 
which specific steps the framework outlined in the last paragraph can ful-
fil. One case from the project involved exploring homeowners’ energy 
refurbishment decisions in the Ruhr Area and the implications they had 
on energy and resource consumption. The detailed agent-based model 
by Friege (2016) represents homeowners’ behaviour with regard to refur-
bishment. The model provides annual refurbishment decisions differenti-
ated according to types of buildings and building components for every 
homeowner (the ‘agents’) in a simulated city. We are talking here about a 
virtual world with more than 1,400 residents (the simulated homeowners) 
who live in 18 different types of houses (detached and terraced houses) 
that were built in different years. For every house, the owner and the resi-
dents can decide each year whether he or she wishes to have one or more 

Models for knowledge integration  

143



from a total of four building components (outer walls, basement ceiling, 
roof, windows) refurbished to make them more energy efficient (in other 
words, either having insulation or new windows installed). Occasions for 
such measures could be, for example, the purchase of the house, or that 
a new roof had to be installed due to structural damage. A number of 
input parameters (such as individual homeowners’ fundamental attitudes 
towards insulation) can be varied, enabling different scenarios to be cre-
ated. This approach enables a detailed consideration (individual refur-
bishment decisions) to be made, as desired, and creates an overall picture 
after one aggregation level (average refurbishment rate). 

More specifically, let us take a close look at agent #377s8a-0.1. Unrav-
elled, the designation has the following meaning: #377 stands for agent 
number 377, from the eighth simulation run (s8), in the ‘attitude -0.1’ sce-
nario, which signifies that, altogether, all of the agents had on average 
a negative attitude towards energy refurbishment. In the interests of sim-
plification, we shall call agent #377s8a-0.1 the Smiths. The Smiths own 
a detached house that was built in 1978. From an energy-efficiency per-
spective, the house is in the following state: the roof and the basement ceil-
ing were insulated a bit between the year of construction and 2007 (which 
is when our simulation starts). The outer walls and the windows were not 
touched — from an energy perspective — which is why they yield the same 
‘insulation performance’ in 2007 as in the year of construction. Hence the 
Smiths are just one household of many in our model. We shall see what the 
household does with its house over the simulation period.

The agent-based model is just one part of the story. It can stand alone 
and provide insight into a number of questions, but the energy versus 
resources dilemma is not one of them. After all, the agent-based model 
does not collect any data on energy saving and material consumption (for 
example, for insulation or new windows). And yet these are necessary in 
order to calculate the net effects of energy and resources. These effects 
enable us, in turn, to undertake a substantiated assessment of the energy 
versus resources dilemma for the present case. In a bid to fill this ‘gap’, 
the ‘HEAT’ (Household Energy and Appliances Modelling Tool) model 
developed by Wuppertal Institute was activated (Soukup, Hanke, Viebahn 
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2012). HEAT enables numerous saving measures on the building side 
related to heat to be modelled in detail with regard to their direct effects 
on energy efficiency (thermal energy saved), their direct use of materials 
(such as the thickness of insulation), and their costs. Five insulating mate-
rials and six energy standards are taken into consideration. Multiplied by 
the number of agents, building types, building components, insulating 
materials and energy standards, this yields the number of potential indi-
vidual cases which, however, can still be extracted (detailed examination) 
and aggregated (the overall picture).

Let us return to the Smiths. They have not moved house in the meantime. 
In fact, they have done quite a lot to their house. Namely (remember: this 
is a simulation, i.e. it is virtual): the outer walls were insulated in 2011, 
the basement ceiling in 2025, the roof in 2030, and the windows were 
replaced in 2039 (the simulation ends in 2050). The Smiths reduce their 
heating demand with every energy refurbishment measure undertaken. 
At the end of the simulation, it has fallen by almost one half. In other words, 
at the end of the simulation period, the Smiths would have consumed 
twice as much heat each year if they had not insulated their house. Over 
the entire period, around one quarter of the heating energy was saved 
(annual savings are higher at the end of the period because the effects of 
the different measures are additive). However, the renovation measures 
were not obtained free of charge, not only in the financial sense. In fact, 
the insulating materials for the roof, the outer walls and the basement 
ceiling, and the new windows total a materials usage of around four tons 
(on average; the result varies between approximately 2.5 and seven tons, 
depending on the materials used).

One might think that, with the second module described above and 
the example given, all of the information required to answer the issue was 
available: the heating energy saved and the amount of insulating material. 
And yet one very important aspect is still missing: the life cycle perspec-
tive. The heating energy saved would have been produced from some 
kind of energy source. The energy source itself, its processing, transporta-
tion, and so on, can be attributed to the extraction of primary raw materi-
als. The same applies for the insulating materials and energy-efficient win-
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dows: resources and energy are required to manufacture them and, later, 
to dispose of them. In order to ensure a comprehensive consideration of 
the effects on energy and resources, however, the indirect consumption 
of resources and energy across the life cycle of the refurbishment meas-
ures must, then, be taken into consideration. This is performed by a mate-
rial flow model, which specifically comprises consistent life cycle models 
of energy savings and energy renovation measures. It will be possible, just 
as before, for energy and resources to be compared in individual cases or 
in their entirety for the whole simulated world.

What does this mean for the Smiths? They used around four tons of insu-
lating materials and window materials to undertake their energy refurbish-
ment measures. If, however, all material consumptions along the life cycle 
(particularly for production) of the insulating materials and windows are 
considered, the figure is over 30 tons (an average value that varies between 
20 and 55 tons, depending on the material used). The windows bear most 
of the blame, because they are more difficult to manufacture than insulat-
ing boards. And yet: the heating energy saved would have consumed at 
least 86 tons of material (with an efficient condensing boiler; other heat-
ing systems would have yielded even higher values). In the previous step, 
we attempted to compare apples (energy saving) with pears (material con-
sumption). In this step, we are left only with the pears. And it emerges that 
the energy refurbishment measures undertaken by the Smiths save more 
‘pears’ than they consume.

So does that answer our question about problem shifting? Not fully. 
We are interested in a long-term transformation in the building sector. 
This also means that the dynamics of the system that provides the frame 
must also be taken into account. We considered different scenarios for the 
energy transition, such as the official scenario of the German Federal Min-
istry for the Environment (which approaches 100 per cent renewable ener-
gies in 2050: Repenning et al. 2015) and the official scenario of the German 
Federal Ministry for Economic Affairs and Energy (slightly more conserv-
ative: Schlesinger et al. 2014). With such scenarios as these, our agents, 
buildings, manufactured insulating materials, and saved heat are embed-
ded in a changing system.
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But what exactly does this mean for the measures undertaken by the 
Smiths? In the last step, where we said that four tons of insulating materi-
als and window materials correspond to approximately 30 tons of mate-
rial when considering the matter along the entire life cycle, we cheated 
slightly. What we failed to state was the assumption that the insulating 
materials or windows would be created in our current production system. 
But that is not the case: the Smiths will have new windows installed in 
2039. In this case, the following applies to both the windows and the heat 
saved: their production will cause different material withdrawals in future 
compared to today due to a change in processes (which will presuma-
bly be more efficient). The relevant question is now: could it be that the 
energy refurbishment measures undertaken by the Smiths will save fewer 
pears (i.e. material consumption) than they consume, taking into account 
the changing system? 

Let us take an extreme case in order to assess this. Assuming that Ger-
many’s power supply across the entire simulation period is based on 
100 per cent renewable energies (which is the goal of the energy transition 
at the 2050 horizon): the use of raw materials in power generation would 
decrease sharply. Why is this the case? Because lignite and hard coal cur-
rently make up almost half of our power generation and over 90 per cent of 
its use of raw materials. As a result, the total material consumed during the 
Smiths’ renovation measures would decrease by 20 to 80 per cent because 
the upstream chains would be free from electricity produced from coal. 
By the same reasoning, thermal preparation would also benefit from this 
(albeit to a lesser extent because electricity plays a slightly less important 
role in the upstream chain). At the end, however, the same result is gener-
ated as in the last step: the energy refurbishment measures undertaken by 
the Smiths ultimately save more material than they consume.

In a nutshell: the integration of three model approaches — the ‘agent-
based model Eigenheim’, HEAT and the material flow model — produces 
the ‘RessMod’ resource model, which is inherently consistent. Comple-
mented by energy transition scenarios, this can be used to quantify inter-
actions between refurbishment (use of resources) and heating energy 
savings (resource savings). In short, we found in our case that energy ren-
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ovation measures do not consume more resources than they save from 
the decrease in heat demand. The scale of the effect varies between the 
individual cases, which means that the aggregated effect may fluctuate, 
depending on the composition. The Smiths (agent #377s8a-0.1) therefore 
represent an individual case. In another simulation run or another scenario 
(such as in which all agents have, on average, a positive attitude towards 
energy refurbishment), agent number 377 may have acted differently, pos-
sibly like his virtual neighbours. The whole net effect (across all agents) on 
resource consumption is, then, sometimes higher and sometimes lower. 
All things considered, however, we do not observe any problem shift with 
regard to material consumption. These results underpin an earlier study 
undertaken by Wuppertal Institute (Soukup et al. 2012), which had slightly 
different system boundaries, but an issue that overlapped in parts. The 
modelling undertaken by Soukup and colleagues revealed that additional 
expenses for insulating materials in other environmental impact catego-
ries are overcompensated by considerable savings made with regard to 
heating the building.

Transformation research should refer again and again to this or similar 
ecological dilemmas. However, it is not our intention to declare our proce-
dure described briefly above as a universally valid formula. It is obvious 
that specific procedures, particularly the modelling involved in each case, 
need to be rebalanced time and again to suit the specific case.

In any case, the following cornerstones should be borne in mind:

 ◆ Those who do not apply a life cycle perspective for analysis purposes is 
blind in both eyes because solutions implemented at home have envi-
ronmental implications elsewhere. These can occur before and/or after 
the implementation of the solution (geographical and temporal prob-
lem shift).

 ◆ Net effects should be analysed at a minimum of two levels, namely as 
individual cases and aggregated for a certain number of cases (these 
may be virtual, as in an agent-based model). The absolute effect from 
the sum of non-ideal individual cases is what characterises our world 
and the challenge involved.
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 ◆ Transformation is a forward-facing timeline. The system in which the 
analysis takes place changes, and will continue to change. The re-
searcher must be aware of the implications this has for his own model.

Those who consider these points in their analysis will make a contribution 
to transformation research. But does this already belong to transformative 
research? One could claim that the publication of such analyses that re-
solve well-defined ecological dilemmas may have a transformative effect 
on a wide audience. This results from the hope that people will look in 
the right drawer, take out the right report, read and understand it, draw 
conclusions from it, and adapt their behaviour accordingly. Since we know 
that this is not usually the case, the question still has to be clarified as to 
how transformative research based on such results can be fleshed out, and 
which transformative effects can then be expected to occur.

In this case, there is a need for further research to close a loop by trans-
ferring back the results of the dilemma analysis to the agents of our model. 
In concrete terms, this could mean that agents such as the Smiths are 
given detailed information about the annual and aggregated energy and 
resource implications of their (possible absence of) refurbishment deci-
sions. But would they (the agents) respond to this? And if so, how? Would 
they change their refurbishment behaviour? How could one convey the 
message that insulated houses do not utilise more natural resources, but 
less? If something along those lines were to succeed, what would be the 
aggregated effect on refurbishment rates, energy savings and resource 
consumption? We have created the methodological basis that may help 
us to answer such questions. However, other transformative projects must 
be added to this in order to establish a link to the real world (as opposed 
to the virtual one).

We opened this section with a brief insight into the classic case of 
problem shifting: biofuels. Could some of the problems described be 
avoided if more approaches such as that in the EnerTransRuhr project 
had been pursued before the introduction of bioethanol? The advantage 
of our approach (linking agent-based models to life cycle analysis, energy 
models and scenarios) is that it forces us to address matters such as the 
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real reach and the uncertainties surrounding the combined modules. We 
described briefly that interaction between modelled resourceful agents 
such as the Smiths and a wide selection of refurbishment cases yield rela-
tively large ranges for the results: on the one hand, resource savings, and 
on the other, additional resource consumptions. In our model, the two 
result corridors do not overlap. With regard to biofuels, taking a compara-
ble approach would probably have led to the realisation that the windows 
of opportunities for the advantages and disadvantages of biofuels overlap 
tremendously. Such findings create the opportunity for policy conclusions 
to be drawn accordingly. 
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5 
Conclusion 
Hypotheses 
Summary



This workshop report about the EnerTransRuhr project clearly shows 
where the central challenges of transformative science lie in research prac-
tice, and how these can be tackled productively. The EnerTransRuhr pro-
ject is an ideal-typical example of the different modes of science and forms 
of knowledge that are needed to analyse and successfully implement com-
plex sustainability-oriented transformation processes such as the energy 
transition in buildings:

 ◆ System knowledge about the building stock and infrastructures; polit-
ical frameworks at the EU, national and local level; economic incen-
tive structures; the typical behaviour patterns of a wide range of stake-
holder groups; and, not least, the complex interactions between all 
these dimensions.

 ◆ Target knowledge about sustainable system states that are desirable for 
the future, not only at the overall system level, but also in the context of 
the target visions and guiding principles of individual cities and neigh-
bourhoods, as well as with regard to the desires and motivations of indi-
vidual actors.

 ◆ Transformation knowledge about effective strategies, behavioural pat-
terns, innovations and policy instruments that are tested in virtual and 
real-world experiments, leading to widespread diffusion.

The scientific guidance of transformation processes requires an integrated 
research design as well as a combination of discipline-based perspectives 
and methods in order to generate these different forms of knowledge, pri-
marily also outside the academic ivory tower in cooperation with practice 
partners in their life-world contexts. To achieve this, transformative science 
falls back on many elements of classic science, but also embeds them in 
transdisciplinary settings. The EnerTransRuhr project particularly bene-
fited from the connection of virtual experiments and agent-based model-
ling in combination with policy and user experiments in real-world labo-
ratories. In this way, the interventions tested in the real-world laboratory 
can be simulated over time and space in the model, enabling knowledge 
to be gained on the diffusion of technologies, social practices, and deci-
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sions for or against energy refurbishment measures. In the process, one 
must never lose sight of the boundaries of the individual methodologies 
and the research design as a whole: the EnerTransRuhr project is also una-
ble to reliably predict futures using models — but it helps us to understand 
the underlying behavioural patterns better. Even if user and policy exper-
iments do not enable any representative statements to be made, they still 
provide profound insights into ‘transformation practice’. Time and again, 
transformative research offers new insights and starting points for actively 
designing transformation processes, which have to be further tested and 
reflected on in experiments. This raises a fundamental question about 
the role of science in normative-oriented sustainability research: to what 
extent may and should researchers not only be observers, but also play 
an active role? Based on the understanding of transformative science, an 
important contribution can be made to the transformation towards sustain-
able development, particularly via active intervention in real-world labora-
tories and reflection using models.
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