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1. Introduction

The building sector plays an important role in the public and
academic debates on climate change adaptation and energy tran-
sitions. The Intergovernmental Panel on Climate Change (IPCC) and
the United Nations Environmental Program (UNEP) specifically
highlight the significance of buildings in the context of climate
protection and energy efficiency (IPCC, 2014; UNEP, 2011). One-
third of the global final energy is consumed in buildings (IEA,
2013). To increase energy-efficiency in the building sector, the
wide adoption of ‘green’ building and construction principles is
essential.

It is commonly accepted that a fundamental socio-technical
transition is required to reach more sustainable or environmen-
tally friendly modes of production and consumption (Markard,
Raven, & Truffer, 2012; WBGU, 2011). Thus, next to innovative
building designs, efficient materials and technologies (for example,
insulation, solar hot water systems or integration of renewable
energy), supporting policies, and new forms of business practices
and services are necessary to drive sustainability transitions in the
building sector. As a result, sustainable building designs and con-
struction concepts such as low-energy buildings, passive houses,
and plus energy buildings are becoming increasingly common.

Policies in many developed countries support green building
transitions by introducing or improving building codes, subsidy
schemes, or other incentives within different policy levels. The city
scale plays an important role as a seedbed and experimental arena
for sustainability transitions (Affolderbach & Schulz, 2016;
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Bulkeley, 2006; Bulkeley, Cast�an Broto, Hodson & Marvin, 2011;
Cooke, 2011; Hodson & Marvin, 2010, 2012). An increasing num-
ber of cities are responding to the debate on climate change and
energy transitions, and seek to govern sustainability transitions by
adopting energy-efficiency approaches in the built environment.

‘Best practice’ examples, such as the ‘Green City’ of Freiburg, are
often used as ‘role models’ and blueprints for implementing urban
sustainability approaches (Hall, 2014). However, is a ‘copy and
paste’ of urban sustainability transitions in the building sector
applicable to different urban contexts? It is still unclear how and
why ‘urban green building transitions’ (Preller, Affolderbach,
Schulz, Fastenrath, & Braun, 2016) occur and develop over time,
and to what extent past decisions, processes and events play a
decisive role in specific urban contexts. We seek to contribute
empirical insights to this research gap by examining and analysing
the development of energy-efficient building in the City of Freiburg
by tracing back key transition pathways in the building sector,
specifically focusing on the reciprocal interactions between three
analytical entities: changing building practices, policies and actors.

1.1. Urban sustainability transition pathways

Theoretical approaches in the research field of social studies of
technology (SST or ‘transition studies’) and economic geography
help to understand socio-technical transitions as the dynamic
interplay and co-evolution of technological, socio-economic and
institutional processes. While conventional socio-technical transi-
tions are often analysed by market-driven technological niche in-
novations, sustainability transitions can also be understood as
incremental processes driven by normative motives which affect
the economy and garner policy support (see Smith, Voß & Grin,
2010; Truffer & Coenen, 2012). Acknowledging the importance of
actors, policy action and governance (Brown, Farrelly, & Loorbach,
2013; Geels, 2014; Hiner, 2015; Rutherford & Coutard, 2014;
Seyfang & Longhurst, 2013), and the dynamics of change and po-
wer within policy regimes (Cooke, 2011; Davies & Mullin, 2011;
Smith & Raven, 2012) is required to understand new forms of
socio-technical change in the sustainability context.

Other contributions highlight the important role of experimen-
tation and changed practices (Barr, Gilg, & Shaw, 2011; Faller, 2016),
learning processes (Coenen, Raven, & Verbong, 2010; Malmberg &
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Maskell, 2010; Shove & Walker, 2010) and ‘adaptation pathways’
(Wise et al., 2014). Bridging these foci, Turnheim et al. (2015) suggest
‘transitions pathways’ as a suitable analytical framework to analyse
processes of sustainability transitions. Based on the ideas of Geels
and Schot (2007), ‘transition pathways’ are described as “an
outcome of interactions in multiple levels of structuration in socio-
technical systems” (Turnheim et al., 2015, p. 243). However, the
‘territorial embeddedness’ (Coenen& Truffer, 2012) has beenwidely
neglected as an important explanatory factor.

As a result, a ‘geographical turn’ has emerged in transition
research. Coenen, Benneworth and Truffer (2012) introduced the
‘geography of transitions’ to fill the existing knowledge gap
regarding spatial, institutional and temporal aspects (Bridge,
Bouzarovski, Bradshaw, & Eyre, 2013; Coenen et al., 2012; Hansen
& Coenen, 2015; Lawhon & Murphy, 2012; Markard et al., 2012;
Rutherford & Coutard, 2014; Truffer & Coenen, 2012). While there
is a broad consensus about the important role of place-specificity in
sustainability transitions (Hansen& Coenen, 2015), there is a lack of
knowledge about how place-specificity influence transition pro-
cesses. Rutherford and Coutard (2014, p. 1368) highlight that urban
transition research needs stronger consideration of “particular
histories, temporalities and rhythms of socio-technical change”.
Introducing the ‘geography of sustainability transitions’, Hansen
and Coenen (2015) emphasise the significant role of co-
evolutionary processes and place-specificity at the local level in
the sustainability context.

As a result of these debates, there is an increasing interest in
concepts of evolutionary economic geography (EEG) which
consider the reciprocal interactions between economic, technical
and institutional forces (Garud& Karnoe, 2001), and characteristics
of location and time (Schamp, 2012). The concepts of ‘path de-
pendency’ and ‘path creation’ (Boschma & Frenken, 2006;
Essletzbichler, 2015; Garud & Karnoe, 2001; Martin & Sunley,
2010a, 2010b), alongside a co-evolutionary understanding of
technologies and institutions, are helpful approaches to better
conceptualise the dynamics of ongoing socio-technical change in a
spatial perspective. A main goal of EEG approaches is the precise
understanding of processes and mechanisms by which the econ-
omy self-transforms itself from within (Witt, 2003).

Based on work in evolutionary economics and the idea that
‘history matters’ (Nelson & Winter, 1982), ‘path creation’ is un-
derstood as a process that is influenced by the interactions of his-
torical events and ‘embedded agents’ (Garud & Karnoe, 2001). The
main argument is that it is important to study the evolution of a
location's economy to better understand its present dynamics. In
this sense, we argue that it is crucial to consider the urban transi-
tion history in order to understand the reciprocal interactions and
the co-evolution of different sustainability transition processes
over time. Special attention has to be drawn to ‘governance paths’
(Van Assche, Beunen, & Duineveld, 2014), ‘backcasting analysis’ of
spatial development processes (Haslauer, 2015) and local learning
processes.

Linked to these ideas of co-evolution, the concept of ‘path plas-
ticity’ has been introduced recently. This approach focuses on
‘continuity of change’ and ‘institutional dynamics’ (Strambach, 2010;
Strambach & Halkier, 2013). We argue that the focus on continuity
helps to understand how sustainability transitions are embedded in
cities and city regions, because urban and regional development are
also characterised by continual changes in policies, actors, and the
built environment. Thus, the understanding of ‘urban transition
pathways’ (Coenen & Truffer, 2012) as ongoing processes which
transform ‘pre-existing socio-economic structures’ (Martin &
Sunley, 2006) helps to analyse the new dynamics and interactions
between niche innovations and established structures of ‘socio-
technical regimes’ (Geels, 2014; Turnheim et al., 2015).
1.2. Research questions, research design and data sources

We aim to contribute to the debate of place-specificity and path
dependencies in urban sustainability transitions. Providing empir-
ical insights from successful transitions in the model city of Frei-
burg, our main research questions in this paper are: How and why
did the sustainability transition pathways in Freiburg's building and
construction sector occur and develop over time?What role did the
specific local context play in the different stages of this process? To
answer these questions we focus on four major research objectives
by tracing back key transition pathways in Freiburg. First, we
identify turning points and significant changes in practice in the
context of Freiburg's building sector. Second, we seek to identify
key driving actors, who actively participate in the transition process
as ‘transition agents’. To avoid telling an overly simplified linear
success story, we also elaborate the role of veto actors e ‘transi-
tion's detractors'e and their divergent interests. Third, we focus on
the policy paths related to the building sector by analysing how far
‘green building’ policies and regulations have driven sustainability
transitions. Fourth, we assess how these analytical entities e

practices, actors and policies/regulations e are interwoven and co-
evolved.

The results presented in this paper are based on a mixed
methods approach that includes expert workshops, policy docu-
ment analyses, and stakeholder interviews. Key actors, demon-
stration projects, and institutional settings in the context of
Freiburg's building sector were identified through a workshop
conducted in February 2014. Using an interactive and participatory
approach (Preller et al., 2016), twelve participating experts shared
their views about the development of ‘green’ building in Freiburg.
Based on the workshop outcomes, a secondary data analysis fol-
lowed with a focus on local policy documents related to the Frei-
burg low energy building standards. To trace back, identify and
understand the key influential factors of this regulation policy, a
content analysis of more than 50 documents of Freiburg's ‘City
Council decisions’ (Gemeinderatsbeschlüsse) and official media an-
nouncements was conducted. Key analytical themes in this docu-
ment analysis were actors (transition agents and veto actors),
details about the city's low-energy standards, learning processes,
and challenges faced.

In addition, 27 semi-structured, problem-centred interviews
were conducted with key actors to gain a detailed understanding of
the decision making and learning processes which occur beyond
what is written in formal documents. The interviews were con-
ducted between September 2014 and March 2015. Participants
were both current and former employees of Freiburg's city
administration, representatives of locally based organisations and
professional associations linked to the building sector, Freiburg's
energy agency, building cooperatives, local policy, and research
institutes. All interviews were audio-recorded and transcribed. To
ensure anonymity, the participant's names were coded. The codes
can be found at the end of this paper. Quotes from interviews have
been translated from German to English for the purposes of this
paper. Major empirical findings were presented and discussed in a
second workshop which took place in Freiburg in April 2016. Dur-
ing the workshop, the key results presented in this contribution
were validated by 11 locally based experts and stakeholders.

1.3. The ‘Green City’ Freiburg as a case study

The Freiburg case study provides the rare opportunity to review
long-term urban sustainability transitions in the building sector.
Since the 1970s, Freiburg has been a forerunner city in energy-
efficient building (Fastenrath, 2015). The city has a population of
230,000 (2015) and is located at the edge of the Black forest in the
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South-West of Germany within the federal state of Baden-Würt-
temberg (see Map 1). In the early 1990s, Freiburg became interna-
tionally renowned as a model city for green and sustainable
development. Policy makers, practitioners and researchers from all
over the world visit the city's ‘green’ flagship projects: the ‘eco’-
Map 1. The geographical
districts ‘Rieselfeld’ and ‘Vauban’ or the recently renovated high-rise
buildings in ‘Weingarten’. Freiburg's City Council has received a
number of national and international awards for environmental
protection and sustainable urban development. In addition to
innovative approaches in public transport, energy production, and
context of Freiburg.
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waste recycling, there is general agreement that Freiburg is a best-
practice example for sustainable urban planning, including strict
low-energy building regulations (Hall, 2014; Medearis & Daseking,
2012).

2. Sustainability transitions in Freiburg's building sector

2.1. Initial phase: from grassroots movements to experimental
projects (1970e1985)

The origins of Freiburg's ‘green’ building pathway can be traced
back to the mid-1970s when a heterogeneous group of environ-
mental and anti-nuclear activists successfully protested against a
federal state government planned nuclear power plant in Whyl, a
small rural community located 20 km north of Freiburg. Many in-
terviewees as well as researchers (Frey, 2011; Sp€ath & Rohracher,
2011) and Freiburg's city authority (City Freiburg, 2011b) high-
light the influential role of these protests as the ‘birthplace’ of the
region's environment movement. A representative of the city's
planning authority shed light on these ‘bottom-up’ driven
dynamics:

“As a result of the protests these people thought about the energy
supply of the future” (FR-Adm5).

Freiburg-based solar architecture pioneers contributed to
innovative building projects. In 1979, one of the early experimental
demonstration projects was themulti-family building ‘Solarhaus’ in
Freiburg-Tiengen which was realised by the ‘Freiburger Stadtbau’,
the communal housing provider. Concurrently, informal and formal
networks of environment activist, pioneers and academics but also
citizens interested in environmental and energy topics formed
Freiburg's ‘energy and environment scene’. Interviewees often
mentioned the local ‘environmental scene’, ‘energy scene’ or simply
‘the scene’ as an important driver of sustainability transitions in the
building sector (FR-Adm1, FR-Adm4, FR-Adm5, FR-Adm6, FR-Con2,
FR-Pa2, FR-Re1). A number of working groups, organisations and
research institutions were founded in this context, such as the
Institute for Applied Ecology (€Okoinstitut e.V.) which started oper-
ations in 1977 and still plays an important role in Freiburg's urban
sustainability policy through consultation and guidance. The in-
stitute's engineers and social scientists outlined new forms of en-
ergy production and energy-efficiency through solar building
design, and highlighted the important role of energy concepts on
the local and regional scale.

Another internationally known research institute was founded
in 1981, the Fraunhofer Institute for Solar Energy Systems ISE, which
was the first non-university institution for applied solar energy
research in Europe. The ‘solar building’ working group within the
institute was specialised on research within the field of energy-
efficient building and construction. In 1992, as a result of experi-
ments, ‘learning by using’ and collective forms of knowledge cre-
ation, the institute first demonstrated that an energy self-sufficient
solar building can be technically realised (see Fig. 1, Image 1). The
applied character of the Fraunhofer Institute fostered the dialogue
between researchers, practitioners and the city administration. An
interviewee consequently remarked that Freiburg's early pioneer-
ing role was the result of strong “interactions between research and
other actors in the city” (FR-Re1).

The continuous completion of important demonstration pro-
jects in Freiburg is illustrated in Fig. 1. In 1979, the ongoing devel-
opment path of ‘localised learning by doing’ started with the
‘Solarhaus’ e an early pioneer project that considered more strin-
gent insulation of the building's envelope and the integration of a
photovoltaic system. The most recent ‘green’ flagship project is the
high-rise building ‘Buggi 50’, a passive house retrofit (see Fig. 1,
Image 4).

2.2. Take off phase: ‘window of opportunity’ (1986e1992)

In response to the nuclear disaster of Chernobyl in 1986, Frei-
burg's City Council and the city administration became active
drivers of urban sustainability transitions (FR-Con3). The municipal
environmental protection agency, established after Chernobyl,
outlined a long-term oriented ‘communal energy concept’ which
was based on three pillars: energy conservation, production of
renewable energy, and the development of environmentally
friendly technologies. The pillar of energy conservation was
strongly linked to energy-efficient building design and effective
insulation of buildings (City Freiburg, 1997b).

Interviewees highlight the special role of the local ‘Energy
Transition Committee’ (Energiewende-Komitee), a citizen move-
ment essentially initiated by employees of the Institute for Applied
Ecology (FR-Adm4, FR-Adm5, FR-Con3). As Sennekamp (2013)
stated, this group was able to prepare strategies and had the po-
wer to implement important actions into the local politics. The
broad adoption of energy-efficient building and solar architecture
into urban planning were central thoughts of the group
(Energiewende-Komitee, 1990).

The debate surrounding energy-efficiency in the building sector
coincided with an enormous demand for housing in Freiburg in the
late 1980s and early 1990s (FR-Adm4, FR-Adm5, FR-Pa2). The
introduction of locally developed building energy standards was
the result of this dynamic interplay.

While there was a political consensus about a new inner city
residential development in the former French military area of
Vauban, a long public debate followed around the development of a
new residential area in Rieselfeld, a former sewage farm outside the
urban fabric. Freiburg's energy and environment movement, City
Councilors linked to the Green Party, as well as the Social Demo-
cratic Party (SPD) did not support this new development. Their
opposition was mostly based on concerns about urban sprawl and
its environmental implications.

Rolf B€ohme, Freiburg's social democratic LordMayor at the time,
described this debate as a conflict between ecology and social is-
sues (B€ohme, 2009). Other decision makers who were part of this
process explained that this debate was strongly influenced by the
controversial debate about “social responsibility vs. ecological re-
sponsibility” (FR-Adm9, FR-Pa2). The pressure of the so-called
“Anti-Rieselfeld movement” was enormous. The strong positions
of the ‘bottom-up’movement were crucial in negotiation processes
for the new development Rieselfeld. Compromises and negotia-
tions had to be made, B€ohme recapitulated in his book on his
experience as Lord Mayor (B€ohme, 2009). The Green and SPD
parties put forward a bill in the City Council for low-energy
building regulations (see City Freiburg, 1992). In 1991, the debate
ended when the City Council finally decided to develop 80 ha of the
Rieselfeld area. A key participant in the Rieselfeld conflict, and an
important sustainability transition agent in Freiburg, explained that
this decision was a result of complex bargaining processes.

“After a referendum and discussions about the environmental
impact of the Rieselfeld development, he (the Lord Mayor) realised
that if he makes concessions, he can break the resistance a little.
[…] And concessions meant for us: Okay, let us talk about energy
and environmental requirements in such a new development area”
(FR-Con3).

In 1992, a large majority of City Councillors voted for the Frei-
burg low-energy house standard, (LEH). As a result, Freiburg



Fig. 1. Key building projects in Freiburg.
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introduced its own energy requirements for buildings e one of the
first cities in Germany to do so. This development was, and con-
tinues to be widely viewed as path breaking and an important
milestone in the transformation of Freiburg's building sector (FR-
Adm4, Fr-Adm5, Fr-Con3, FR-Re1). The main differences compared
to conventional building regulations by federal law was the
improvement the Freiburg standards demanded in terms of the
Fig. 2. Pathways of building energy reg
thermal insulation of the building envelope, the avoidance of
thermal bridges and the optimisation of the use of passive solar
energy. The standard for new residential buildings on public land
required amaximum 65 kwh/m2*a for heating energy consumption
(City Freiburg, 1992). These requirements were significantly stricter
than the federal building regulations of the time (see Fig. 2). Two
key political arguments onwhich the decisionwas legitimisedwere
ulation in Germany and Freiburg.
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the relatively low requirements on the federal level and the tech-
nical feasibility of low-energy buildings. Energy-efficiency was
firstly introduced to federal building codes by the thermal insu-
lation ordinance (W€armeSchV) in the mid-1970s and renewed in
1982. Further arguments within the decision making process were
based on experience and practice in Freiburg but also on examples
of other city or state initiatives. The long-term goal, noted in the
policy decision paper (City Freiburg, 1992), was the gradual estab-
lishment of zero-energy buildings.
2.3. Rieselfeld: the sustainability transition testbed (1993e2003)

Freiburg's LEH standard was implemented in private law con-
tracts between the city administration and land purchasers. Within
the framework of German federal law, this process was challenging
because energy requirements at that time could not be fixed in
Map 2. The Riese
urban development or zoning plans. As a result, the city's building
authority was responsible to review the targeted energy con-
sumption as part of the building permit. The regulation was first
adopted in practice in some smaller developments in 1993 and
1994. However, the large Rieselfeld urban development (see Fig. 1,
Image 5, Map 2) was the first essential testbed for the new building
requirements and innovative ‘niche’ building projects (FR-Adm5).
An interviewee explained that “these people (the energy scene),
which already had detailed thoughts, finally had a playground where
they could implement things.” (FR-Adm5).

Rieselfeld was developed in a predominantly block structure
(see Map 2), with buildings heights of four to five storeys. The
energy requirements of the FR NEH 1992 were integrated late and
abruptly, after the basic planning of the district was already
completed (FR-Adm9, FR-Pa1). One of the responsible planners
made clear that it was a challenge and pioneering work to integrate
lfeld district.
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the new energy requirements into the planning process, stating
that: “No one knew how to do that, no architect, no planner, no
heating engineer, no developer” (FR-Pa1). A representative of a
Freiburg based professional association described the situation as
follows:

“Before (the introduction of the FR NEH 1992), everyone said, it is
unthinkable, it will not work. […] but then it worked without any
problems. From today's perspective, it is not rocket science to make
that work, it is about behavioural changes. You have to consider
things and the building processes have to be clear” (FR-Pa2).

Several interview partners stressed that local developers, ar-
chitects, and craftspersons1 were sceptical about the Freiburg
building standard. While developers were largely concerned about
increasing costs for low-energy buildings, architects and crafts-
persons worried about the translation of the standards from theory
into practice. Builders and craftspersons had to work closer
together to ensure an airtight building envelope by considering
new requirements for building shell, roof, facade and windows.

Sample tests conducted after the first building phases revealed
that some buildings did not reach the requirements. The block
structure adopted in the urban development plan was one reason
for this. A leading architect explained that it was very challenging to
reach the energy standards in the north-east corner of a block,
because “large areas of the buildings do not have solar energy input or
just low energy input” (FR-Pa1). However, the city administration
argued that the problems were based on lack of knowledge of ar-
chitects and builders or basically a lack of will to implement the
new regulations properly (City Freiburg, 1997a). As a result, the city
administration installed a contact person in the Project Group
Rieselfeld in 1998 to coordinate the work, to foster communication
between builders, architects, investors and craftspersons, to pro-
vide advice during the building process and to monitor the results.
The core principle of the Project Group Rieselfeld was “communi-
cation instead of sanctions” (FR-Adm6, FR-Adm9). This effectively
helped to monitor challenges and learning processes as well as to
transfer these into feedback loops for further improvements of the
standard (FR-Adm9).

While there were pioneer architects and craftspersons creating
innovative projects, the main driver for sustainability transitions in
the building sector within this period of time was the City of Frei-
burg in fostering niche concepts through regulation. Highly moti-
vated staff in the administration and interdepartmental
cooperation were essential to this. The learning processes and
feedback loops in Rieselfeld were also crucial for the development
in Vauban, where construction started in 1998. The Vauban chief
planner stated “without Rieselfeld we couldn't have planned Vauban.
[…] Rieselfeld was a sort of icebreaker.” (FR-Adm10).

2.4. Vauban: from low-energy buildings to plus-energy
neighbourhood (1998e2003)

The Vauban planners, architects, and craftsperson substantially
benefited from the learning processes in Rieselfeld. Similar to the
Rieselfeld development, a key goal of the city planners was inclu-
sive citizen participation during the development of Vauban (see
also Kronsell, 2013). Citizen associations such as the ‘Forum Vau-
ban’ were actively involved in the conception of the development
plan of the Vauban district. Initiatives to introduce stricter building
standards and to push towards passive house level came out of
1 The collective term ‘craftspersons’ is used for skilled professionals such as
builders, carpenters, electricians, painters, bricklayers, roofers, plumbers.
these movements (FR-Adm10). As one of the planners explained:

“In the context of the marketing process 1997/1998, the first people
came, who were interwoven with these green thoughts, much more
than we were in the city administration, who said: Why are we
doing low-energy buildings? Let us build passive houses in the
entire area.” (FR-Adm10).

Within the standard, passive houses are based on the efficiency
of the airtightness of the building fabric and require a maximum
heating energy of 15 kwh/m2*a. The City Council decided against a
compulsory new passive house standard but supported more
ambitious homeowners and developers in Vauban by giving them
preference in the land purchasing procedures (City Freiburg,
1997a). As a result, some areas in Vauban were developed accord-
ing to an unofficial ‘improved’ FR NEH 1997 standard (see Fig. 3).
These buildings typically reached energy consumptions under
30 kwh/m2*a based on passive house elements such as higher en-
ergy efficiency through insulation, triple-glazed windows, avoiding
building shadings, and ventilation systemswith heat-recovery (City
Freiburg, 1997a). At least 200 units were built with de-facto passive
house standard in Vauban, including the first multi-family passive
house in Germany (see City Freiburg, 2014).

In addition to passive houses, a ‘plus-energy neighbourhood’ is
part of the Vauban development. The so-called ‘Solar Settlement’
was initiated and developed by the Freiburg based solar-architect
pioneer Rolf Disch. He developed an ensemble of 59 multi-storey
townhouses and a commercial building named the ‘Sun Ship’.
Large photovoltaic systems on the roofs were installed on each
building. A driver for this development, as well as the incremental
market formation of Photovoltaic in Germany, was the feed-in tariff
for renewable energy, which was introduced by the German Fed-
eral Government in 2000.

The solar settlement, finished in 2006, is the result of learning
processes the architect made in other preliminary projects, such as
the ‘Heliotrop’ building, the first plus-energy building worldwide
(see Fig. 1, Image 1). A representative of the city planning authority
argues that this development was crucial for later policy actions:
“[…] there was this effect that the city administration and the City
Council became more courageous because of these flagship projects
such as the Solar Settlement and privately initiated passive houses in
Vauban” (FR-Adm5).

The mixture of building types in Vauban is the result of a
continual policy support combined with incremental socio-
technological transitions from low-energy buildings, to passive
houses and eventually plus-energy buildings. Furthermore, Vauban
and Rieselfeld were a result of strong bottom-up processes. The
personal effort and the will of individuals for transition actionwere
essential drivers for Freiburg's ambitious energy standards and
many innovative building projects in the two urban development
areas (FR-Adm1, FR-Adm4, FR-Pa1). This ‘learning by planning’
approach was a crucial factor for the transition progress from low-
energy building to plus-energy houses. A stakeholder highlighted
this:

“The standards in Vauban and Rieselfeld were strongly promoted
by the people who wanted to build there. […] these wishes were
brought from the outside into politics” (FR-Pa1).
2.5. Transition reversal: ‘top down’ transitions e the starting shot
for a policy-driven path (2004e2007)

The strong bottom-up movement and support for ‘green’



Fig. 3. Realised building energy standards in the Vauban district.
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building of the 1990s changed to a more top-down driven transi-
tion paths in the mid-2000s. Local politicians and the city admin-
istration gradually became the key drivers for continual changes in
the local building sector. Since 2002, the key drivers for urban
sustainability transitions in Freiburg have been the Green Party and
Dieter Salomon, the first Green Lord Mayor in a larger German city.
Freiburg's decision makers strived to maintain their leadership role
in the energy-efficient building sector. The main political goal was
to keep the Freiburg building standards a step ahead of the rest of
the country (City Freiburg, 2005). As a result, the new building
standard FR NEH 2005 was introduced as a reaction to wider po-
litical developments on the German federal and the EU level (see
Fig. 4). Key interview quotes in this context demonstrate this clear
political aim:

“The origin was political impetus. […] This became its own dy-
namic, even in the administration. […] During the last 10, 15 years
the impetus came mostly from administration, but we ran into
open doors in the political scene.” (FR-Adm5).

“When the EnEV (Energy Saving Ordinance) came, the goal was to
undercut 30 percent of the requirements of the EnEV. […] That was
simply political will.” (FR-Adm6).

The developments were strongly motivated by several policy
actions at the Federal and European policy level, as well as the
funding programs of the Kreditanstalt für Wiederaufbau (KfW)e the
German government owned development bank. The EU introduced
the ‘Directive on Energy Performance of Buildings' 2002/91/EC in
2002 (Fig. 4). The Directive advised the EU member countries to
improve their building regulation policy. As a result, the German
government renewed the national building codes by introducing
the ‘Energy Saving Ordinance’ (Energieeinsparverordnung, EnEV).
The EnEV replaced the former ‘Thermal Insulation Ordinance’
(W€armeschutzverordnung, W€armeSchV) and the ‘Heating Systems
Ordinance’ (Heizungsanlagen-Verordnung, HeizAnlV). The new
building regulation set much stricter energy performance re-
quirements for new buildings. Furthermore, the German govern-
ment initiated a number of funding programs for energy efficient
building developed and administrated by the KfW. The KfW has
offered loans for low-energy building projects since 2002, ranging
in scale from small detached houses to larger building projects.
These changes on the federal policy level significantly influenced
the transition path in Freiburg (see Fig. 4).
2.6. ‘Green mainstreaming’: strict energy requirements for all new
residential building projects (2008e2016)

While the energy requirements of the FR LEH 2005 did not
entirely reform the former FR LEH 1992, significant changes were
implemented in 2008 when Freiburg's City Council approved the



Fig. 4. Governance pathways in the building sector: EU, German federal government and City of Freiburg.
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gradual amendment for two new standards, the ‘Freiburg efficiency
house 40 and 60’ (Freiburger Effizienzhaus, FR EH 40& 60). FR EH 40
was set for building projects by the city's own real estate company
and main housing provider (Freiburger Stadtbau) and six smaller
pilot building projects on city own land. This standard was com-
parable to the ‘KfW 40 house’ that required passive house elements
such as low heating energy consumption based on high efficient
insulation, triple glazed windows, and a ventilation system with
heat recovery.

The FR EH 60 was another example of a path-breaking policy
innovation. For the first time, local energy requirements were
prescribed for building projects on private property. The respective
buildings were required to reach the energy standards of KfW 55
(City Freiburg, 2008). The requirements were enforced through
‘urban planning contracts’ (St€adtebauliche Vertr€age). This novelty
was possible after the City Council voted for new ‘local planning
guidelines’ (Freiburger Baulandpolitische Grunds€atze). The city pol-
icy consisted of a set of local planning principles that included as-
pects such as planning procedures, financing or usage of solar
energy (City Freiburg, 2009a, 2009b). Since then, solar and passive
building design aspects have been continually incorporated in
Freiburg's land use planning processes (see Hoppe, 2013). Thus,
‘green’ energy-efficient building evolved from a niche phenomenon
to mainstream practice. An underlying driver for these de-
velopments were substantial changes in the ‘Federal Building Code’
in 2004 (Baugesetzbuch, BauGB), when climate protection became
an important factor in German land use planning laws (FR-Adm4,
FR-Adm8). As a consequence, German municipalities were able to
introduce energy-related building regulations into zoning and ur-
ban development plans.

The most recent developments of Freiburg's standards are the
result of long debates and bargaining processes between the local
political parties and the city administration (environment protec-
tion and urban planning authority), and the ‘Association of Frei-
burg's property developers and investors' (Vereinigung Freiburger
Wohnungs-und Gewerbeunternehmen e.V.), the ‘professional asso-
ciations of trades and crafts’ (Handwerkskammer Freiburg) and ar-
chitects (Architektenkammer Baden-Württemberg), and local banks
(FR-Adm4, FR-Adm5, FR-Adm8). Criticisms have consistently
centred on increasing construction costs which are linked to strict
building requirements (FR-Adm1, FR-Pa1). Although the most
recent changes in the low-energy building standards were accepted
in 2005 by all these stakeholder groups. A reason for the decision
were the special real estate market mechanisms in Freiburg. The
local property and building industry, the main veto actor, as well as
the crafts industry have profited from high prices (FR-Adm4, FR-
Adm5, FR-Adm8). The following interview quote capture this:

“[…] to sell apartments in Freiburg is no problem. No matter how
expensive they are, because of the tight housing market. […] We
said: Set the standards as high as you want, then we can try out
things here. Otherwise we will talk about it for the next 10 years
and discuss about if it works or not. […] We weren't afraid and
positioned us at the front. We get a wonderful green halo e what
you definitely need in Freiburg.” (FR-Pa2).

2.7. Going too far? increasing scepticism against over-ambitious
building standards

Since 2011, when the FR EH 40 and 60 standards were eventu-
ally superseded by the Freiburg Effizienzhaus 55 (FR EH 55) (City
Freiburg, 2011a), there has been an ongoing debate about the
local building regulations. First, the logic of a high standard to reach
passive house requirements for all residential building projects in
the city are questioned by practitioners, but also by the employees
in the city administration (FR-Adm4, FR-Adm8, FR-Pa1, FR-Pa2).
While Freiburg based architects generally support green building
principles, a number of individual architects are critical of the
standards. They essentially question the logic of a strict standard
that is applied to all building projects without considering the
context of the ’buildings' location. A leading Freiburg architect who
participated in the latest negotiating processes of the standards
explained that amore flexible regulation is needed to be responsive
to site specificity or other unavoidable constraints such as orien-
tation limitations, overshadowing, or topography (FR-Pa1).

Second, decision makers in the city administration and leading
practitioners criticise the top-down mentality in the local politics.
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Interviewees explained that the race for green leadership has limits
and further transitions need the participation of all stakeholders.
Numerous interviewees reflected on these concerns of top-down
directions driven by Freiburg's policy makers:

“At the moment we have the feeling that we reached a limit. With
the next improvement of the EnEV (in 2016) we can't keep
following our 30 percent goal. We are almost doing passive houses.
How passive should it be?” (FR-Adm5).

“It is not a fast-selling item. You need constantly driving forces
on different levels: Politics, administration, economy, crafts-
person and also in the community. But if all this comes together,
pressure can be built up. As you can see, there are always phases
with no progress. It is important to provide know-how, educa-
tion, training, so that the people know how to do it” (FR-Adm4).
3. Conclusion

Drawing on the debates of place-time specificity, learning pro-
cesses and governance in the vibrant research field of the ‘geog-
raphy of sustainability transitions’ (Hansen & Coenen, 2015), the
aim of this paper was to provide empirical insights of successful
urban ‘sustainability transition pathways’ (Turnheim et al., 2015) in
the building sector. The case study of Freiburg, globally recognised
as a sustainable model city, gives the rare opportunity to review
long-term transition processes from conventional building prac-
tices to low-energy buildings, passive houses and plus-energy
buildings. In the early 1990s, the city was one of the first German
cities that introduced low-energy building regulations. These
standards have been continually emended. All new residential
building projects are required to abide by the strict city own low-
energy requirements since 2009, which almost meet the high en-
ergy performance standards of the passive house. Tracing back the
urban sustainability pathway by analysing the interplay of signifi-
cant changes in related policy actions, building practice, and
involved key actors, we identified two main directions:

1. An initial ‘bottom-up’ path, based on niche initiatives manly
driven by pioneers, early adopters, the local ‘environmental and
energy movement’; and newly established research institutes
from the 1970s to the 1990s.

2. A ‘top-down’ path, based on regime initiatives essentially driven
by continual political will and a dedicated city administration
since the 2000s.

Both directions are strongly connected by ‘niche-regime in-
teractions’ (Turnheim et al., 2015). We demonstrated that energy-
efficient building occurred as ‘local niche experimentation’
(Coenen et al., 2010) and has e over time e incrementally devel-
oped intomainstream policy and practice. These changes were, and
continue to be, strongly embedded in the specific urban context
and the result of co-evolutionary, but non-linear transition pro-
cesses. Our analysis shows that grassroots movements and local
knowledge creationwere important drivers for initial sustainability
transition phases. Applied research, innovative building projects
and the widespread adaptation of new materials and practices
resulted in locally based knowledge networks. ‘Path creations’
based on learning processes with multiple feed-back loops, con-
stant negotiations, path dependencies, events, driving and oppo-
nent actors, characterise the changes in Freiburg's building sector.

‘Transition agents’ e experts, practitioners and representatives
of citizen movements ewere able to translate this ‘know-how’ and
expectations into the local policy making forefront. Interactions
between ‘transition agents’ and policy makers were crucial for the
introduction of policy regulations which were in turn the result of
intense bargaining processes. Since the 1990s, the continuity of
Freiburg's strict local building regulations, plays a key role as ‘niche
protection’ mechanism and catalyst for continual ‘learning by do-
ing’ processes. Architects, builders, planners and craftspersons
were forced to change their routines by adopting new materials,
technologies and practices. However, we also identified limits of
sustainability transition and increasing criticism against politically
dominated ‘top-down’ governance. We agree with Geels (2014),
who suggests a shift in transition research in the sustainability
context to better understand the institutional context of transi-
tions. The perspective must change from rather rigid approaches
which are solely focused on technological innovations, towards
more open approaches focusing on the interplay of governance and
‘learning by doing/using’.

Our case study exemplifies how complex, protracted and chal-
lenging urban sustainability transition dynamics can be. Because of
this, we argue that a simple ‘copy and paste’ of best practices is not
suitable for ‘urban green building transitions’. This has implications
for urban governance but also for future urban sustainability
transition research. Policy makers should ‘custom-tailor’ and create
new pathways of governance and triggering innovative transition
approaches by seriously considering local conditions, already
existing sustainability paths and the integration of local knowledge
and actors. Our contribution demonstrates how important a
detailed process tracing and an analysis of co-evolutionary de-
velopments are to understand urban sustainability transition
pathways. Nevertheless, there is a need for further in-depth ana-
lyses of the contexts and dynamics of urban transitions to better
understand patterns of technological transformations and its social,
institutional and economic drivers and implications. In addition to
further research of best practices andmodel cases, there is the need
for contrasting case study research around cities where sustain-
ability transitions are hindered by ‘regime resistance’ (Geels, 2014).

Notes

Interviewee codes
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FR-Pa ¼ Professional association.
FR-Prac ¼ Practitioner (e.g. architect, engineer).
FR-Re ¼ Researcher.
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