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A B S T R A C T

Rising sea levels and stormwater flooding threaten coastal ecosystems like wetlands, exacerbating urban sus
tainability challenges. Urban Living Labs and NBS propose decentralised, community-driven approaches 
emphasising resilience, circularity, symbiosis, and regeneration. This study examines Freetown Christiania, a pio
neering community-led urban laboratory and countercultural enclave within Copenhagen’s socio-technical- 
ecological systems, as they pursue SDGs within planetary boundaries. We analyse Christiania’s urban niche 
using participatory observation and sociotechnical frameworks—including Actor-network Theory, the Multi-Level 
Perspective, and Sociotechnical Imaginaries. We investigate NBS innovations, such as reed bed systems, constructed 
wetlands, green roofs, and green-blue infrastructure, which exemplify Christiania’s integrated urban water 
management—innovations reshaping Copenhagen’s grey infrastructure path dependency, driven by Danish 
agendas and Sino-European sponge city partnerships.

Identifying key actors, drivers, barriers, and scenarios, our thematic analysis codes problems, interests, and 
strategies to articulate a proposal for expanding Christiania’s NBS niches through urban planning and gover
nance. Findings highlight Christiania’s contributions to NBS in wastewater treatment, habitat preservation, 
biodiversity monitoring, and sustainability ideology. The Freetown bridges community-led innovations with 
municipal and international strategies, positioning itself as a potential pilot for further integrating socio-tech
nical, techno-economic, socio-ecological, and institutional design approaches to urban and coastal sustainability.

We propose a replicable multi-criteria methodology for territorial transitions in Copenhagen, the Baltic, and 
globally. Based upon IUCN and DGNB standards, we outline criteria for urban NBS proposals developed with 
Christiania’s Building Office and local stakeholders. These criteria inform scenario planning in our project, 
“Spongetown Christiania,” forecasting trajectories and pathways for local governance of infrastructure, urban 
renewal and development.
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1. Introduction

1.1. Assumptions, research gap and goals

Urban negotiations between the Danish capital’s municipality 
(Copenhagen’s Kommune) and the community of Fristaden (or Freetown) 
Christiania express a clash of sustainable urban development stand
points [1]. During the last decades, a semi-coherent but contested vo
cabulary1 has enriched the meaning of sustainability2 [2] - a global trend 
with local-regional-national implications and manifestations. Not bound 
by a binary classification system (i.e. something is sustainable or not), 
gradients of quantitative and qualitative properties and indicators 
define the concepts’ criteria and categories (i.e. that define how sus
tainable something is).

The thematic and conceptual analysis in the Glossary anchors our 
literature review to inform the project’s theoretical framework. We 
based our inquiry on Social-Ecological-Technical Systems [3] (SETS - 
which we prefer to designate here as Socio-Technical-Ecological Systems 
(STES) [4]). We propose that the STES umbrella framework’s common 
ground between socio-ecological and socio-technical fields has implica
tions for Science and Technology Studies. Aiming to decipher how this 
socio-ecological reframing might affect the Multi-level Perspective (MLP) 
on Sustainability Transitions (ST) [5,6] and the Actor-network Theory 
(ANT) [7–9], we assume that if the MLP decodes the selection envi
ronments and evolution of socio-technical systems (STS) systems, those 
are translatable as experienceable and tangible whole/living systems in 
ANT’s flat ontology3. These foundational assumptions enable us to delve 

into the transitions and translations of RCSR sustainability paradigms4. In 
the methodology section, we clarify how this hybrid ANT-MLP frame
work was grounded in Christiania’s urban development.

1.2. Grounding the problem in case-study design

Integration attempts increasingly suggest that we should consider for 
sociotechnical transitions both systemic-evolutionary and functionalist- 
structuralist understandings (Sociotechnical Transitions, MLP, Transition 
Management (TM), Strategic Niche Management (SNM)) as well as 
material-semiotics and constructivism5 (Social Construction of Tech
nology, ANT, MoT, Sociotechnical Imaginaries (STI), and even SNM) 
alike). As the theoretical debates try to mend (or deepen) the gaps be
tween entrenched schools of thought, our case study of Christiania and 
the “Spongetown Christiania” project provide an opportunity to 
examine these overlapping theoretical frameworks’ practical imple
mentation and effectiveness in real-world contexts. Authors who 
developed sociotechnical approaches to understanding urban systems 
provide essential examples of how to ground these theories in the 
making of Urban Living Labs (ULL) for NBS and RCSR transitions.

Shedding light on MLP-ANT integration, [10] opposes [11] asser
tions that ANT’s “micro-focus, flat ontology and complexifying episte
mology” hinders its capacity for engaging with MLP (and other 
sociotechnical transitions evolutionary perspectives such as SNM and 
TM). Maassen argues that “rather than somehow ’nesting’ ANT at the 
’niche-level’”, we can use the integration of ANT to “interrogate the 
character of ’niches’ and ’regimes’ before deploying them as analytical 
units”. Despite this problematic conceptual background, we will assume 
to be intuitive that Christiania, within this study’s scope, acts as a niche 

1 In our Supplementary Material document [3], on Appendix D, we explore a 
Glossary of concepts (signalled henceforth in italics) linked with socio-technical 
and socio-ecological processes of change, sustainability science, and methodol
ogies originating from these converging schools of thought [62]. We sought to 
ground these theories in our Spongetown Christiania strategic urban planning 
proposition spanning research, design, implementation, and management do
mains of practice [123].

2 A robust new definition of Sustainability is necessary to reframe over
simplifying notions and represent conceptual diversity of this “ideological field 
intertwined with multiple theoretical models in philosophy” (for our full definition, 
see the relevant Glossary entry). We believe that different sustainabilities 
represent an amalgamation of concerns, imaginaries, and methodologies 
underpinned by the Resilience, Circularity, Symbiosis, and Regeneration (RCSR) 
paradigmatic principles. Our chosen conceptualisation emphasises a poly- 
epistemological, holistic, and heuristic approach aimed at generating transi
tion and translation processes towards ecological integrity, social equity, and 
economic viability – acknowledging the wickedness of these problems through 
their volatility, uncertainty, complexity, and ambiguity (VUCA). Through the 
lenses of RCSR, we prioritise adaptability to biospheric and climatic change, 
efficient and effective cyclical resource management, post-anthropocentrism, 
and positive, just, beautiful, and culturally adequate outcomes, aiming to 
ensure that human societies, lifeforms, and ecosystems may survive and thrive 
within Earth’s carrying capacity.

3 The integration of ANT and MLP is crucial in our approach, structuring a 
nuanced understanding of translations of urban STs. ANT is an experience and 
practice-based constructivist conceptualisation of whole systems. Its concept of 
nature cultures [119], for instance, reflects this holistic stance. ANT highlights 
the importance of individual and collective agency in effecting change, 
acknowledging the power of non-human and even non-living elements of social 
reality [175]. MLP offers a systemic view of socio-technical co-evolution, iden
tifying pathways [175,176] through which NBS innovations find trajectories 
towards mainstreaming or obsolescence[177]. A dual approach holds the promise 
of articulating all social "motors of change," encompassing teleological, dialectic, 
evolutionary, and life cycle [178] - perspectives on sociotechnical and socio
ecological change that may be understood as oppositional or complementary.

4 Resilience is the capacity of urban systems to adapt, transform, and recover 
from changes, stresses, and shocks, emphasising initiative-taking and preven
tive strategies for long-term sustainability teleology. Circularity focuses on 
designing closed-loop, Cradle-to-Cradle (C2C) systems that eliminate waste by 
reusing and recycling materials, promoting resource efficiency, and reducing 
environmental footprints and societal harm. Symbiosis applies principles from 
natural ecosystems to create cooperative, bio-inspired systems where outputs 
from one process become inputs for another, fostering harmony between 
human, living and environmental systems. Regeneration extends beyond sus
tainability by designing systems with net-positive outcomes, actively restoring 
ecosystems and creating conditions where life can thrive. Refer to the Glossary 
and its References (Appendices D and E) for an explanation of the origins of the 
RCSR sustainability paradigms identified during our research and relevant 
works for those concepts’ evolution.

5 In Science and Technology Studies, authors have argued for the necessity of 
reconciling existing transition frameworks such as MLP [179], TM [180], and 
SNM [10] with constructivist ANT and post-ANT-inspired methodologies. 
Indeed, these may be within the most relevant sociotechnical approaches to 
frame relationships between technology and society, especially in connection 
with MLP, as hypothesised by [61], in which these theories were the top choices 
of the study’s respondents. The conceptual framing of sociotechnical transitions 
and translations stems from various philosophical paradigms in sociology and 
organisational development [128]. Within STS, these larger sociological the
ories differ in their takes regarding the perception of concepts such as agency 
and change [147] (nuanced sociological subjects), framing the major lines of 
scepticism over the possibility of theoretical integration or synthesis.

M.H. Morgado et al.                                                                                                                                                                                                                           Nature-Based Solutions 8 (2025) 100237 

2 



in Copenhagen’s urban regime6.
Our Spongetown actor-network aims to ground these theoretical 

discussions by demonstrating ANT’s multi-level application potential 
[12] within the historic,systemic and evolutionary insights of the tran
sition frameworks. Here, we argue, MLP could structure the systemic 
understanding of multi-level actor-networks over time and the inherent 
translation trajectories of perceived matters of fact, value, care and concern. 
We believe such an approach can lead to more comprehensive results by 
rooting ANT’s micro-spatial-temporality in a systemic and historical 
understanding of multiple co-evolving sociotechnical perspectives. In this 
study, we will aim this theoretical framework at the study of urban 
systems and the Water, Energy, Food and Ecosystems (WEFE) nexus.

However, conceptualising cross-level organisations and actors’ 
agencies within multi-level networks might hinder MLP’s hierarchical 

stratification capacity. Categorisations such as alternative, subaltern 
niches vs. incumbent regimes, or even mavericks within niches (which 
would exist under the conventional MLP micro-level) presented by [13] 
already alert us to this matter.

1.3. Research questions

Building on these assumptions, the theoretical research question 
emerges as: 

1) Can material-semiotic/constructivist approaches (ANT, SNM, STI) and 
evolutionary/systemic frameworks (MLP, SNM, TM) of socio-technical 
studies be used to analyse translations and guide STES transitions to
ward urban sustainability in Christiania?

A reflexive thematic analysis methodology [14] grounded the theo
retical enquiry to practice, further specifying our scope, through the 
following question: 

2) How can we ground the STES theoretical integration within a study of 
Christiania’s transition trajectories using reflexive thematic analysis and 
multi-criteria urban analysis methods?

The theoretical framework and proposed methodology were then 
guided towards the investigation of our Christiania NBS ULL transition 
agenda: 

3) In what ways can Christiania pursue Integrated Urban Water Manage
ment (IUWM) and transition its WEFE infrastructure toward RCSR 
sustainability paradigms, steering drivers and barriers in STES in 
Copenhagen and beyond?

Copenhagen’s urban STES positioning steers Christiania’s Lokalplan. 
The Danish capital is adapting to the wicked [15,16] and urgent chal
lenges of the Anthropocene. Shared interest in respecting planetary 

Fig. 1. The Doughnut for the Anthropocene [23] Framework for framing Sustainability teleology, defined by two thresholds: Planetary Boundaries [17] and Societal 
Foundations. (and related SDGs [20]). Between PBs and SDGs lies the safe and just space for Humanity - the domain for planetary stewardship [18]. Here we surmise 
Doughnut SDG-PB teleology and track the translation of RCSR paradigms into SDGs. In Appendix B, we analyse DGNB-DK through this lens.

6 Alternative sociotechnical systems with a greater thematic span than one 
specific industrial sector (i.e. urban niches and their multi-purpose infrastruc
ture) require a regime framing that is dubious at best and indecipherable at 
worst. As an example, our place-community (Christiania) could be framed as a 
local niche component of the vaster municipal urban regime or, by opposition, to 
be its own subaltern/alternative proto-regime from the perspective of a specific 
built environment operation in its territory - such as the renovation of a 
particular local building. Internationally, considering its uniqueness in lifespan 
within intentional communities, Christiania could be regarded as not even a 
niche but a radical maverick leader in urban decentralisation in a European 
capital city, keeping it low-density and rich in ecosystems. Similarly, Christi
ania’s RBS pioneer decentralised implementation was a maverick-level change 
in Copenhagen (and international) wastewater and urban practices in the 1970s 
(as the scientific consensus on the merits of the technology and regulations on 
best practices were still being crafted). Under this understanding, only by the 
late 1980s would RBS become a form of the decentralised wastewater Con
structed wetlands’ niche, as regulations became fully fledged, validating an 
alternative proto-regime. It would take another 20 years before CWs became a 
Best Management Practice within the NBS/Sponge City scope, paving the way 
towards landscape-level changes and the promise of being fully integrated into 
future regime-change trajectories.
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boundaries (PBs) [17,18] is compromised by diverse understandings of 
how planetary commons [19] are to be protected and how stewardship 
translates to SDGs [20] in urban planning practice and regulating in
stitutions [21,22]. We endorse the merits of the emergent doughnut vision 
[23] for sustainability’s teleology (Fig. 1): finding the common, just, safe, 
meaningful and beautiful space for humanity’s development between 
societal foundations, ecological ceilings and environmental limits. Our 
case study, decyphers how these transitions are translated through stan
dards like DGNB-DK [24] and the IUCN Global Standard for NBS [25] 
within the Danish built environment and how they may impact 
Christiania.

Freetown Christiania’s Constructed Wetlands (CWs) and Reed-Bed 
Systems (RBS) created in the 1970s a pioneer NBS niche within the urban 
regime of Copenhagen’s municipality [26,27]. Christiania’s alternative 
systems, emblematic of the community’s early adoption of Green-Blue 
Infrastructure (GBI)[28], stand as precursor practical experiments of 
contemporary Sustainable Urban Drainage Systems (SUDS) [29], Water 
Sensitive Urban Design (WSUD) and IUWM or even WEFE nexus concepts 
[30]. Herein lies a local contrast with Copenhagen’s regime path depen
dence on grey infrastructure [31] for urban water chemical treatment 
[32]. As an informal ULL, Christiania operationalised RCSR paradigms 
within its unique urban water management genesis. We assume that the 
Freetown’s alternative technological inclinations provided a tangible 
countercultural NBS niche to Copenhagen’s regime positioning in the 
STES landscape. We study if and how the community’s governance and 
organisations can breakthrough and overcome lock-ins at the social, 
institutional, economic and technical levels regarding urban ST and 
further expand the niche for NBS. Together, we prospect boundary objects 
and interessement devices between Copenhagen and Christiania STES, 
decoding their agendas and seeking Windows of Opportunity (WoOs) for 
materialising potential Obligatory Passage Points (OPPs) towards 
furthering RCSR transitions between Copenhagen and Christiania [5,33].

Early-on experiences in NBS for urban water STs in Christiania were 
riddled with wickedness [34–37]. As a radically alternative maverick 
effort within a conflictual urban negotiation with the incumbent (and 
literal) regime, Christiania stands as an actor-network of unofficial ex
plorers of NBS’s Life cycles and Ecosystem Services (ES) [38], with a 

pioneering take on the local urban WEFE systems [39]. Their endorse
ment of the Sponge City agenda during this project exemplifies their 
continuous openness to IUWM transitions and international cooperation. 
On the other hand, Copenhagen’s historical landscape of economic 
institutionalism, capitalist welfare state policies, and neoliberal 
global-market tendencies [40] contrasts with Christiania’s 
community/place-based development [41], decentralisation ethos [42], 
alternative governance and market models, such as degrowth [43], 
consensus democracy [42], and localised trade systems [44] which 
challenges the prevailing green growth development model of the Danish 
economy7 and the UN’s SDGs.

Through MoT, STI, and Transition Pathways (TP) Analysis, we sought 
to operationalise ANT and MLPs as practical tools to describe our case 
study. Our participatory scenario envisioning (STI) combines bottom-up 
co-design of niche management strategies (SNM) and top-down pathway 
steering (TM) (Fig. 2). This multi-level participatory process should 
empower the niches of Christiania’s community and nurture its transition 
agenda, enabling it to strategise its forthcoming urban plan, mediating 
negotiations accross multiple levels and fields. Focusing on early MoT of 
problematisation (to which MLP offers an invaluable macro-evolutionary 
lens), interessement and enrolment, our translation work navigates the 
intricacies of gentrification, centralisation, and social justice issues, 
proposing urban planning as a boundary object and interessement device 

Fig. 2. Our MLP-ANT-TM-SNM-STI integration framework draws on Geels & Schot’s multi-level structure [45] to understand translations and TPs of SNM, [46] and 
TM [47]. ANT contributes to the multi-level translations through MoT[48] which interact with STI concepts [49].

7 After the infamous 2011 Stormwater Event uncovered the hidden costs of 
climate adaptation inaction, Copenhagen’s urban planning, governance and 
markets started incremental steps towards WSUD, GBI and NBS [181], despite 
the difficulties inherent to a very large network of stranded assets and inherent 
path dependency [29,107]. Simultaneously, changes have been happening at the 
European level that mainstreamed most of the timeless NBS present in Chris
tiania as contemporary best practices at the forefront of international urban 
sustainability agendas, in pilot organisations such as UNALAB, BIODIVERSA+
and formal institutional support of the European Investment Bank and the 
European Commission [145,171]. However, Freetown’s unique positioning as 
an early-on NBS adopter has not yet been integrated (let alone endorsed or 
acknowledged) into the broader municipal urban planning trajectory, which 
tends to be more incremental and at odds with radical change scenarios.
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for RCSR transitions.
This approach seeks to reconcile ANT’s relational insights on the 

symmetry of experienced meaning and perceived agency with MLP’s 
structural embeddness of change and overarching systemic evolution. By 
balancing these two holistic standpoints perceptions of sociotechnical 
change with differentiated focuses, our research contributes to the 
discourse on sustainable urban futures, envisioning pathways stemming 
from the complex interplay between meso/micro-level actionable re
ality and macro-level systemic environment.

2. Integrative social, technical and ecological approaches to 
sustainability Transitions

2.1. Resilient, circular, symbiotic and regenerative urban transitions

2.1.1. Sustainability translations of nature-based concepts
NBS for pursuing ES for SDGs is a testament to the growing place- 

based planetary stewardship agenda. Further translations of these con
cepts take place at the landscape level through the establishment of many 
ESG directives regulating governance and markets at the international 
and European levels [50] and PB-backed proposals to limit growth, like 
the Doughnut Economy8. Both initiatives provide frameworks for gover
nance and market economisation of current sustainability externalities [51] 
linked with green growth development models by interlocking PBs and 
societal boundaries on socio-economic systems [52].

The negative externalities that rapid urbanisation and climate change 
wrought on the WEFE of Earth Systems, as explored by [53,54], reveal 
the interconnectedness of these vital resource cycles and flows with the 
trajectories of urban waste systems STs [55]. Such global problems are 
deemed solvable through NBS ULL for urban WEFE-nexus-compliant 

GBI decentralisation [39,56,57]. Proponents of eco-localism [41] and 
regenerative design and development, [58], frame the value of decentrali
sation as a pathway to place-based development [59] through Socio-
ecological Systems (SES) [60] and STS [61] combined fields of studies [4, 
62,63].

The discourse shift towards regeneration and local resilience empha
sises the relevance of decentralised infrastructure in pursuing sustain
ability. However, degrowth and decentralisation still seldom gain traction 
in most international urban regimes, as urban density and scale rapidly 
augment worldwide. We illustrate these broad selection environment 
pressures in current landscape perspectives and envisioned scenarios in 
Fig. 3.

Foreshadowing emergent bio-inspired trends in STES thinking [64,65], 
Biomimicry (BM) was articulated by [66] as a method that takes inspi
ration from nature to solve complex challenges, valuing and improving 
our relationship with nature towards sustainability. As made explicit in 
“Biomimicry for X”, the BM classification framework by [67], BM and 
Bio-inspired Design (BID) methodologies encompass aesthetic, ethical 
and epistemological diversity – which inadvertently diffuses the role 
that these approaches have in NBS and RCSR transitions [68–70].

The LCA circularity model translation to economics (lifecycle costs), 
for instance9, echoes along the principles of BM and BiD methods in 
urban planning [71], proposing emulating and integrating natural cy
cles and ecosystems in response to the externality crisis of capitalist [72] 

Fig. 3. Main selection environments, evolution drivers and traits to be selected within WEFE systems. The regime evolution of urban water systems is documented by 
[30], which we used to frame our conceptualisation of WEFE transitions, pathways, strategic scenarios, and visions.

8 In 2023, the Doughnut Economics model was translated into “A Doughnut for 
Urban Development” [21,22] by the cooperation of Real Estate and AEC (Ar
chitecture, Engineering, Construction) companies and organisations in 
Denmark, signalling the local translation of international landscape shifts. 
Because of this translation attempt, the DGNB Planet classification was created 
in Denmark.

9 Life Cycle Assessment (LCA) is a methodology that stems from the Circularity 
paradigm. It is structural to the notions of Bio-Economy (BE) and Circular 
Economy (CE), explored by [182,71]. These concepts offer economic frame
works that dovetail with these ecological principles. BE focuses on the sus
tainable production and conversion of biological resources akin to natural 
processes. At the same time, CE champions a closed-loop system, reducing the 
need for new materials and minimising waste.
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economisation and valuation processes10. Sceptics of green growth and PB 
complementarity have sprung an array of alternative models such as 
Doughnut Economy, Degrowth, Sharing Economy, Ecological Economy, and 
Sharing Economy [73,74], advocating for post-growth and post-capital 
policies.

Despite their troublesome socio-economic implications, ES and LCA 
are viewed as the bleeding edge of applied sustainability research in 
urbanism and NBS in the built environment [68,75,76]. Combining the 
approaches should shift us from a mere damage mitigation, net zero, and 
circular lifecycle problematisation towards a resilient, symbiotic [77] and 
regenerative approach for net-positive urban design and development 
[78]. The conceptualisations of urban systems as urban ecologies [79], 
metabolisms [80], and symbiotic relationships align closely with NBS 
emergence [71]. Bio-inspiration [75] has led ecological urbanism pro
ponents to view cities as living systems [41], emphasising going beyond 
optimisation of resource and energy flows by promoting symbiotic 
meaningful relationships of stewardship [81,82] between urban com
munities and their home environments11.

Underscoring the importance of a balanced transdisciplinary inte
gration for sustainability projects, [83] review several design method
ologies and their contributions for a potential STES framework for the 
design of RCSR transitions. Our thematic analysis asserts the need these 
authors diagnose for systemic transition design to be nourished by 
knowledge stemming from complementary ecological, social, and 
technical domains, understood by different epistemological, ontological, 
heuristic and ethical backgrounds.

2.2. Integrated urban water management - transitioning from grey 
infrastructure to the sponge city concept

Within the landscape of urban WEFE transitions [55], NBS are cata
lysts for RCSR systemic change . In this realm, a tangible STES shift oc
curs: from centralised engineered grey infrastructure [84] to the 
ecologically attuned systems of NBS for GBI [28,85,86]12.NBS and living 

systems’ design must account for ES synergies and inter-systemic con
nectivity [62,87,88]. The Sponge City Concept (SCC) synthesises the 
coastal translations of NBS, GBI and ES in urban environments [89–91]. 
Worldwide, various regions have adapted the SCC [92], reflecting 
diverse TPs and scenarios [30] connected with multi-level dynamics be
tween incumbent grey and alternative green, blue, brown, and multi
coloured [93] infrastructural systems. Tapping the demand for social 
benefits of the SCC’s ES, NBS elements increment natural or 
semi-natural systems presence in urban areas, providing foundational 
assets such as air and water quality regulation, pollution filtration, 
prevention of soil erosion, flood risk reduction, biodiversity and eco
systemic bridging [57,94].

The SCC fuses these transformative multicoloured infrastructure NBS 
and SUDS as critical components to address environmental change 
events across multiple urban regimes. As documented by [95,96], SUDS 
integrate natural green and blue elements into planning pluvial drainage 
and wastewater infrastructures, intending to blur the dichotomies be
tween built infrastructure and natural environments. Sponge cities 
employ SUDS and GBI not merely as functional elements—integrating 
grey transportation and treatment systems with local urban ecosys
tems—but also as vehicles for decentralisation via inter-local manage
ment [84,97,98]. In Fig. 3, we highlight these global trajectories, finding 
pathways beyond grey-centralised systems that structure our MLP analysis 
of Christiania’s potential for implementing regional, national and in
ternational RCSR agendas for urban water management.

The WEFE Nexus exemplifies the circularity paradigm’s translation 
within the global territorial governance of STs [99] At the urban level, 
the SCC and WSUD envision cities functioning like living systems, reso
nating with symbiotic (bio-inspired and biomimetic) NBS agendas [100]. 
These trajectories transcend conventional water drainage, effluent 
treatment and urban growth [101] to encompass a broader spectrum of 
principles of urban development and WEFE management for territorial 
STES resilience and regeneration.

IUWM unifies aspects of urban systems commonly addressed mainly 
by grey infrastructure [102], emphasising the interconnectedness of 
water, materials, energy and nutrient flows, in urban and coastal con
servation and weaving these elements into cohesive WEFE in
frastructures for urban systems planning. Authors in Sponge City 
literature claim the SCC to be a specific design example of IUWM 
translation [103,104], focused on absorption, infiltration, and retention 
as water resource management strategies. They contribute to 
climate-change adaptation, through stormwater runoff drainage, 
sea-level rise management, and biodiversity promotion. These concepts 
showcase a novel proto-regime in the AEC sector. They mark a radical 
regime shift in which the niche expansion of NBS and GBI continues 
changing urban regimes in association with landscape drivers at the 
regional-to-planetary levels.

An MLP on the STs of Urban WEFE Systems, as delineated by [105], 
offers an analytical framework that could describe the evolution of RCSR 
paradigms as they meet the built environment planning sector [106] and 
the broader macro-territorial WEFE industrial infrastructure, and its 
institutional systems . Constructivist and systemic-evolutionary per
spectives have been used to map transition trajectories and interactions 
between incumbent socio-technical-ecological configurations in 
Denmark by [107], echoing landscape level and related regime transition 
and translation developments [108]. The combined explanatory power 
of these perspectives may further clarify the dynamics of STES’s changes 
and the spectrum of sustainability micro-innovations and 
macro-evolutions within urban WEFE management systems (Fig. 4).

2.3. “Spongetown”: The multi-level management of Christiania as an 
urban living laboratory for translating NBS in Copenhagen’s RCSR 
transitions

People know Christiania, a semi-autonomous neighbourhood and 

10 Engineering and scientific approaches to NBS still struggle with Life cycle 
and ES integration [38,76] and are faced with the daunting task of pacifying 
these services within incumbent markets and governance as a new NBS tech
nological paradigm unfolds [75] at odds with conventional anthropocentric 
economic valuation concepts. ES illustrates nature’s indispensable role in human 
well-being, encompassing provisioning, regulatory, supporting, and cultural ser
vices. These services (or disservices) may form the new bedrock of informed and 
sustainable urban planning for broader ecosystem integration and Stewardship. 
Still, trade-offs between them and the assessment of impact are typically 
economised. Bio-inspired NBS approaches to RCSR urban transitions, such as 
Urban Biomimicry for design processes, hold a lot of promise but require Life 
cycle and ES integration [66,68,71], which are still at odds with incumbent 
typical anthropocentric and capitalist economic systems of valuation.
11 [89] (among many authors in this literature) presented NBS not merely as 

urban ecological add-ons but as pivotal elements in urban cultural change to
wards sustainability, beyond traditional notions of carbon neutrality and eco
nomic circularity, focusing instead on broader RCSR (i.e. boosting urban systems 
integration of biodiversity), and acting as tools for transition towards "ecological 
civilisations" (an ambition acknowledged by the Chinese government as the 
purpose of their SCC regional watershed translation). We extrapolated our sus
tainability paradigms from [71] symbiotic [67,183] and regenerative [184] 
frameworks for Circular Cities, adding the Resilience concept from SES thinking 
[185,101].
12 [57] and [95] emphasise NBS as cost-effective, resource-efficient solutions 

inspired by nature, aiming for systemic interventions and local adaptation 
[133] specifically highlights the role of CWs as NBS in decentralised wastewater 
treatment as a practice that could restore wetlands’ protagonism in today’s 
cities [155,186]. Similar calls for action rally urban planners around other GBI 
for coastal ecosystems, from riparian areas to shorelines and coasts, as our 
attention turns even towards uncharted territories, striving to replenish key 
marine ecosystems such as kelp forests, seagrass meadows, and reefs in 
connection with coastal urban planning [25,187,188].
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intentional community in Copenhagen, for the alternative lifestyles, its 
vibrant counterculture, their participatory approach to sustainable 
urban living, and even the consensus-democracy governance of its local 
institutions [36]. Since its early military base days of popular “squat” 
occupation during the 1970s, VUCA factors in Christiania’s wicked urban 
genesis caused problems for the community. The neighbourhood’s 
illegal status, contested governance, and political stances stirred much 
of the multipartisan wickedness in the unique trajectory of this neigh
boorhood, influencing the city at large [1,35,37,44].

Copenhagen municipality’s inability to provide an effective urban 
planning response to Christiania’s informal emergence generated unmet 
needs. Rising demand became fertile ground for pioneering experiments 
adopting the alternative systems described in the previous section. CWs, 
composting toilets, green roofs, urban farming in Christiania proves the 
capacity for NBS to promote decentralisation in willing communities with 
strong sustainability ethos [43,109]. Mutual non-compliance of in
stitutions and regulations created ambiguity and ambivalence in the 
urban management of a territory contested between a regime and a niche 
disputing construction standards and proprietary structure. These ef
fects were necessary collateral damage for the greater good of local 
autonomy and regime laissez-faire coexistence for decades.

Danish courts decided Christiania’s future trajectories in 
2011—almost 40 years after its founding—when the state claimed rights 
over the land, but offered the community the option to have it sold back 
to its association’s fund [1,110]. The ruling marked the start of nego
tiations of other sort - now aiming to address the legal and regulatory 
challenges that have hindered Christiania’s integration into the main
stream urban planning and governance initiatives in Copenhagen [111]. 
The is situation to be mended by unfolding plans and regulations leading 
to a much antecipated forthcoming Lokalplan after many postponed and 
outwardly rejected attempts.

Locals and sympathisers claim an official external endorsement of 
Christiania and its devotion to radical, grassroots sustainability is 
overdue as a matter of recognitional justice13, according to various 
research papers that have studied this small, rather unique and 

revolutionary neighbourhood [36]. As of 2025, Freetown was still 
renegotiating (see Table 1. for a complete overview) its legalisation and 
institutionalisation terms. Further inclusion in the city’s infrastructures 
and urban strategy becomes even more necessary because of the loom
ing threat of climate change impacts (Fig. 5) especially stormwater 
surges, violent rainfall and rising seawater and groundwater [112], 
which have caused considerable damage to the city’s and neighbour
hood’s infrastructure and urban assets in the recent past, integrating 
concerns of multiple parties.

3. Methodology

3.1. Research and case-study design assumptions

In this study, it is further assumed that overlapping concepts from 
different STS schools of thought — such as MoT (ANT), TPs (MLP), niche 
management strategies (SNM), visions (STI), transition arenas and adaptive 
governance (TM) — may bridge between material-semiotic and systemic- 
evolutionary studies of the sociotechnical.

For instance, MoT in ANT, which includes problematisation, inter
essement, enrolment, and mobilisation, aligns with TM/MLP’s emphasis on 
transition pathways by describing how agency is stabilised in network 
relationships, changing actors and constructing and enacting systemic 
transition across multiple actor-networks. Similarly, niche management 
strategies (SNM) and niche-regime interactions (MLP) explore how actors 
shield, nurture, aggregate, and scale innovations to expand niches and 
challenge dominant socio-technical regimes, through different pathways.

Sociotechnical visions anchor perception of the future in this inte
gration by embedding fantasies, goals, ideographs, and symbolic cues 
into the translation of transition processes, connecting the relational dy
namics of material-semiotic approaches with the long-term systemic 
change emphasised by evolutionary frameworks. Likewise, adaptive 
governance (TM) advocates visioning (forecasting) as a relevant partici
patory tool to be used within transition arenas and towards backcasting 
OPPs (Fig. 2), facilitating the alignment of diverse actors across scales 
and maintaining flexibility in response to changing scenarios, teleol
ogies and imaginaries.

3.2. Grounding theoretical hypotheses

While rooted in distinct theoretical foundations and perspectives, the 
overlaps of STS conceptualisations highlight commonalities in their 
explanatory focus on the processes and mechanisms of STES’s 

Fig. 4. Systemic Focus and Specificity of WEFE concepts, framework adapted from [108] and adapted to our work to map measures undertaken at the regime level 
towards urban WEFE transition in Copenhagen.

13 Alternative systems and infrastructure built by Christiania’s pioneers are 
now wrapped up under the umbrella term of NBS as the mainstreamed bleeding 
edge of EU’s urban research, investment, and political endeavours. Christiania’s 
niches are pioneering examples in Copenhagen of current internationally 
acclaimed best practices, of the NBS for GBI [189] that Copenhagen strives to 
implement [190].
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Table 1 
Timeline of Events across the AEC & Sustainability Landscape, Freetown Christiania Urban Niche, and Copenhagen Urban Governance Regime.

Year/Event 
Level

AEC & Sustainability Landscape Freetown Christiania Urban Niche Copenhagen Governance and Planning 
Regime

1967–1971 ​ Christiania is occupied; squat projects begin Danish Armed Forces vacate military site; 
initial police resistance fails

1971 ​ ​ Initial police resistance is unsuccessful 
because of the high popularity of the squat 
project

1972 ​ Common Meeting and First Institutions are Developed 
with Local Pioneer Communities

Temporary Agreements between State and 
Squatters

1973 ​ ​ Authorities push to normalise Christiania and 
organise a competition for a public project for 
the area

1974 ​ Christiania finds its way towards representation in the 
municipality through the Women’s List

​

1975 ​ Christiania becomes a matter of concern at the National level in Denmark
1976 Danish Energy Agency founded in response to the 

energy crisis
Legal Action from Christiania due to the State’s breach 
of past promises

The Ministry of Defence places a court case for 
the expulsion of Christiania’s Squatters

1980 IUCN, WNF, UNEP co-author World Conservation 
Strategy

​ ​

1981 ​ Nature-based Solutions Projects begin in 
Christiania as Pioneer Urban Sustainability 
Experiments (RBS, CWs, Greens Roofs and 
Walls…)

The Ministry of Environment commissions 
Møller & Grønborg to develop a Local Plan

1985 Danish nuclear phase-out plan and wind programme 
started

​ ​

1986 ​ Christiania releases the “Voilá Report” affirming 
capacity for Self-Organisation

​

1987 Brundtland Report "Our Common Future" ​ ​
1987 ​ Special Committee for negotiations between Christiania and Public Authorities
1988 ​ Municipality’s plans for progressive normalization of Christiania face local resistance and 

uncertainty
1989 ​ Inhabitants express distrust over the plan. Concerns 

over the disruption of Christiania’s rurality arise.
Christiania’s Law enshrines local autonomy, 
but territory is to be divided into rural and 
urban areas

1990 ​ Declaration of Affection by Christiania invites 
outsiders to experience life in the Freetown

Copenhagen Finger Plan is established

1991 World’s first offshore wind farm in Vindeby Christiania’s Green Plan is published; Technical 
Maintenance Office is Instituted

​

1992 ​ ​ Authorities push for a local tax on 
Christiania’s inhabitants, and an agreement is 
reached

1994 ​ Substance abuse grows and prohibition laws escalate 
the issues in Christiania

​

1996 ​ ​ Previous Lokalplan is revisited with 
Christiania’s participation

1997 ​ Christiania’s own currency “Løn” is established with 
the worth of 50 DKK

​

2001 ​ ​ Stricter Governmental attitudes towards 
Christiania return to national government

2004 ​ Christiania eliminates the Green Light District’s drug 
trade visibility to gain bargaining power

The Ministry of Defence loses jurisdiction over 
Christiania’s territory; the Culture Ministry 
gains oversight over the land

2004-2005 Copenhagen Municipality attempts to approve a plan for the construction of 30.000 sqm. in Christiania. Vandkunsten Architects collaborate with 
Christiania to develop the “Christiania Is Not For Sale” alternative project and plan.

2005 ​ Knud Foldschack represents Christiania’s legal 
interests and concerns

The Culture Ministry’s Agency publishes 
documents on ownership modes as an offer to 
Christiania

2006 ​ Christiania rejects the offer and proceeds with a claim 
for prescriptive rights to the land

Various offers to Christiania’s formalization as 
territorial owners through transaction 
processes

2007 DGNB system established in Germany; State of Green 
Collaborative Non-profit AEC Hub is founded for the 
Danich AEC Sector’s Sustainability Transition

Christiania accepts a landownership offer after 
negotiations

​

2008 IUCN launches Global Nature-based Solutions Initiative Christiania is pressed to make a final decision New local plan for Christiania is attempted
2009 COP 15 Conference in Denmark ​ Copenhagen 2025 Climate Plan 

Copenhagen Green Roof Mandate
2010 Green Building Council Denmark is Established; Danish 

Nature Agency is founded
​ ​

2011 Copenhagen’s Cloudburst event kickstarts environmental agendas and empowers organisations towards climate adaptation and sustainability policies.
​ ​ ​ Copenhagen Climate Adaptation Plan is 

drafted
2012 Copenhagen-Beijing Sister Cities Collaboration Ongoing agreement for 15.000 sqm is reached, fulfilling Christiania’s Law of 2004. Internal 

institutions and self-organisation capacity recognised by state, but further normalisation 
attempts ensue.

(continued on next page)
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transitions. Thematic commonalities and interdisciplinary conceptual 
patterns are at the root of our methodological choice for thematic analysis 
to drive our theoretical grounding endeavours in Christiania. We present 
the results of our thematic analysis of the literature, tested through case- 
study grounding, in a glossary of concepts in Appendices D and E. The 
complexity of the grounding process, the field of research, and the case 
itself led us to neither set aside quantitative approaches to thematic 
analysis or structured processes for coding, nor to consider them central 
to our study. We use inductive and deductive processes, subjectively 
anchoring our participants in standpoints of the relevant literature and 
vice versa – our participants being fairly well acquainted with urban 
sustainability [14,113].

The research posits hypotheses that explore the potential for inte
grating these frameworks, the role of Christiania in assessing this inte
gration, and the implications of their combined application: 

• Theoretical Complementarity Hypothesis Material-semiotic 
constructivist approaches (e.g., ANT, STI) and systemic- 
evolutionary frameworks (e.g., MLP, TM, SNM) are complemen
tary, offering distinct yet not unreconcilable perspectives on STs and 
sociotechnical reality. Their integration enhances the analysis of 
relational dynamics and systemic trajectories, bridging micro and 
macro-level processes.

• Conceptual Bridging Hypothesis Shared concepts—translation, 
transition pathways, sociotechnical visions, niche aggregation, and 
participatory governance—may bridge theoretical integration. 
Assessing these concepts within an actual transition experiment in 
Christiania will reveal whether material-semiotic and systemic- 
evolutionary approaches can align effectively. If not, it will reveal 
to what extent their operative concepts overlap and if they are 
redundant, complementary or contradictory.

• Incompatibility Hypothesis: Despite their theoretical potential for 
complementarity, these frameworks’ ontological and epistemolog
ical differences—such as ANT’s flat ontology versus MLP’s hierar
chical structuring—may create irreconcilable tensions that hinder 
their integration or of specific concepts from different theories.

• Christiania as a Testbed Hypothesis: Christiania’s governance 
model and experimental practices in NBS and ULL provide a unique 
context for evaluating the feasibility of integrating approaches to 
urban STs and translations. The study tests whether these frameworks 
can converge in theory and practice by analysing Christiania’s niche- 
level dynamics and interactions with Copenhagen’s urban regime and 
relevant organisations.

• Scaling and Transferability Hypothesis: Grounding this hybrid 
framework in Christiania tests its assumptions and may demonstrate 
its applicability as a transferable model for STs in other urban con
texts. Christiania’s practices offer insights into how localised actor- 
network stabilisation can influence systemic change, providing a 
blueprint for similar initiatives globally.

3.3. Materials and data collection

This study employed a reflexive thematic analysis (RTA)[14] as its 
primary analytical framework, and infused with elements of construc
tivist grounded theory (CGT) [114,115] and interpretative phenome
nology (IPA) [116,117]. This hybrid approach gathered and 
co-produced knowledge on urban transitions by connecting individual 
and collective meaning-making with systems-level change, enabling us 
to interrogate the interplay between theoretical concepts, lived experi
ences, and participatory design artefacts within a real-world STES. Our 
research began with an extensive literature review, focusing on key 
sustainability paradigms, STES-thinking, as well as NBS- and STES-related 
design schools, particularly sociotechnical, socio-ecological, and bio-
inspired approaches, alongside Multi-Criteria Decision-Making (MCDM) 
[118] methodologies relevant to infrastructure and urban water STs. 
These theoretical domains informed our analytical direction and 
grounded the iterations of a project-specific glossary of terms, which 
reflected empirical matters of concern and supported the iterative 
refinement of project assumptions and theoretical frames.

The glossary played a pivotal role throughout, initially populated by 
themes from the literature review and early coding iterations and sub
sequently shaped by field engagement and literature revisiting. As a 
boundary object, it enabled a reflexive co-construction process, where we 
introduced glossary terms to interviewees and workshop participants, 
inviting collaborative refinement. This helped develop precise, non- 
redundant terminology and fostered a shared language between re
searchers and participants, embedding the theoretical scaffolding within 
the case study context. This iterative exchange led to mutual immersion 
between researchers and participants in the language of STES transitions. 
We operationalised a grounded theory approach to integrate STS and 
SES concepts, drawing on ANT, MLP, TM, and SNM to explore sustain
able transitions and translate concepts like NBS, GBI, SCC, IUWM, and 
RCSR through MoT, TPs, Niche Management Strategies, and Socio
technical Visions across social, technical, and ecological realms.

Fieldwork followed an observant participation method guided by 
ethnographic immersion. Primary data collection (Appendix A - 

Table 1 (continued )

Year/Event 
Level 

AEC & Sustainability Landscape Freetown Christiania Urban Niche Copenhagen Governance and Planning 
Regime

2012-2013 DGNB-DK system is adopted by Danish Green Building 
Council nationally

​ Copenhagen Cloudburst Management Plan; 
Copenhagen Green Mobility Plan

2016 ​ Gang violence escalates around Pusher Street; drug 
trade stalls closed

Police raids of Christiania’s Pusher Street/ 
Green Light District begin

2018 Strategic Sector Cooperation celebrated between 
Beijing and Copenhagen

​ Building Regulations (BR-18); Copenhagen 
Circularity Strategy

2019 National Strategy for Sustainable Construction and 
Approval of a Voluntary Scheme for Sustainability 
Assessment

​ Copenhagen Municipality Plan (KK19); 
Lynetteholmen Urban Plan

2021 ​ ​ Copenhagen Climate Plan 2021-2025
2022 Public Chenese-Danish workshops on Sponge Cities; 

Joint Sister Cities Report on Sponge Cities at 
International World Water Congress

Pusher Street stalls are closed following murders 
related to black market escalations

​

2023 ​ ​ Copenhagen Biodiversity Strategy "Place for 
Nature”

2024 ​ Escalating gang violence builds a tighter agenda 
between the municipality and the inhabiting 
community towards drug trade abolition

Copenhagen Storm Surge Report

2025 Pusher street and green light district are closed by the local community with municipality support supervision and police enforcement; urban 
negotiations resume planning, coupled with the ongoing urban renewal projects and building renovations.
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Fieldwork) included fifteen semi-structured interviews with residents, 
designers, engineers, public servants, and researchers involved in 
Christiania’s community projects. Participants were identified through 
snowball sampling based on their roles and networks. We transcribed 
interviews, lasting 45–90 minutes, from audio recordings and docu
mented them through descriptive field notes. All data were anonymised 
according to GDPR protocols, referring to participants by role-based 
descriptors. Additional material included project reports, urban plan
ning drafts, internal communications, working maps, community no
tices, and design briefs, primarily sourced from Christiania’s 
Byggekontor, BACESS A/S, the municipality of Copenhagen, and Danish 
or European governmental agencies (Appendix B – Urban Analysis; 
Fig. 5). These documents were coded alongside interview data and 
literature, serving as empirical sources and as triangulation points for 
conceptual reflection.

Production analysis focused on evaluating artefacts of community 
engagement, such as sketches, annotated maps, technical drawings, and 
workshop outputs expressing ideas for NBS and IUWM interventions. 
Researchers performed a semiotic analysis of these materials to interpret 
how the community visualised and communicated STIs. Structured 
workshops and co-design activities were iterative, interactive sessions 
employing serious games (questionnaire bowl, wheel of change), sce
nario building, visioning, and participatory mapping. Techniques from 
co-design and participatory planning methodologies brought diverse 
stakeholders into shared imaginaries of transformation. Field notes and 
photographic records from these activities were coded, anonymised, and 
thematically integrated. A survey questionnaire was distributed to 20 

stakeholders, combining closed Likert-scale items with open-ended 
questions to assess perceptions of NBS performance, IUWM applica
bility, governance capacity, and understanding of RCSR principles. Re
searchers purposively selected participants based on their project 
involvement, pseudonymising responses solely for publication.

These data allowed us to develop a multi-level actor mapping and a 
timeline of transition events, consolidated into diagrams and schematics 
by visualising multi-level interactions and relationships. These tools 
served dual purposes: aiding our analysis of socio-technical and socio- 
ecological domains and acting as participatory boundary objects in 
workshops and project presentations, stabilising meaning and aligning 
stakeholder perspectives across technical and narrative aspects.

We applied RTA iteratively and recursively to reflect the developing 
nature of the project, with pattern detection and meaning-making 
following phenomenological immersion. The process began with 
familiarisation, involving repeated readings of field notes, transcripts, 
and documents, accompanied by memo-writing and literature review. 
Initial inductive coding was enriched with theoretical constructs from 
ANT, MLP, SNM, TM, and Sociotechnical Imaginaries (STI), leading to the 
grouping and refining of coded experiences around glossary terms and 
emergent categories. Iterative revisions of theme boundaries and 
coherence, informed by feedback loops with stakeholders, followed 
theme development. Theme coding and definition integrated 
stakeholder-derived expressions with literature-consistent terminology, 
while narrative construction embedded themes in interpretive passages 
grounded in field interactions and glossary terms. Throughout this 
process, we maintained analytical memos documenting decisions, 

Fig. 5. Based upon data from the 2008 Christiania’s Lokalplan and municipality data we mapped the main territorial boundaries and urban sustainability prevalent 
themes deemed relevant for Spongetown Christiania’s management area as an ULL and urban planning device and updated its urban analysis with current urban 
sustainability agendas. A broader and more detailed analysis can be consulted on Appendix B[3].
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coding evolutions, glossary refinements, and participant reflections, 
serving as a reflexive audit trail that captured how meaning was 
generated across theoretical and empirical dimensions along two 
different semester reports within our Sustainable Design Engineering 
MSc. and a thesis with Aalborg University – Copenhagen. We compiled 
the most relevant results of this process in our Supplementary Material 
document [3].

Stakeholder presentations and feedback sessions validated the re
sults and provisional designs, fostering co-responsibility for transition 
pathways and aligning the Spongetown strategy with the local agenda 
and institutional context. This culminated in the proposal of a design 
and policy roadmap, incorporating insights from our hybrid analysis 
into the emerging urban plan. Based on research findings, we formulated 
policy and regulatory considerations to support IUWM and NBS imple
mentation through frameworks such as IUCN-DGNB and developed a 
strategy for NBS and GBI within Christiania’s urban agenda, aligning 
with the forthcoming Lokalplan. A customised IUCN-DGNB criteria set 
formed the basis of the strategy; we refined this set into strategic visions 
and selected scenarios using a Strengths-Weaknesses-Opportunities-Threats 
(SWOT) Analysis across Political, Environmental, Social, Technological, 
Economic and Legal (PESTEL) domains (see Appendix B).

4. Analysis and results

We developed a multi-level translation [11,119] (Figs. 2, 6) approach 
to transitions based on ANT, MoT, TM, SNM and STI (Fig 7, Fig. 8), 
through which we made use of the MLP to overcome the barriers and tap 
the drivers of mainstreaming NBS adoption and RCSR translations and 
transitions between Copenhagen, Christiania and the larger international 
context. We pursued with the actors enrolled in this project the vision of 
creating an obligatory passage point (OPP) [120] to inscribe our Sponge
town Concept into the forthcoming Urban Plan. ULLs can be framed as 
constellations of urban niches [121,122] for the design and development 
of urban experiments for STs – in this case, for the translation of the SCC 
in Christiania, by making use of partner niches, incumbent agendas and 
RCSR sustainability landscape pressures in urban WEFE systems [41, 
123–127].

Through STS and SES frameworks [4,62], we structured a multi-level 
management approach between forecasting landscape drivers, regime 
adaptation scenarios and niche-oriented transition strategies by focusing 
on the local niches’ perceptions of landscape pressures and regime 

structure through our interviews regarding sociotechnical, socio-
ecological and institutional aspects. We used translation tactics to generate 
systemic WoOs with our participant stakeholders, focusing on the RCSR 
aspects of sustainability and their STES ramifications (A.4; A.7; A.8; 
A.10; A.11; A.12; A.13; A.14; A.15; A.16; A.17).

Grounding our theoretical framework in lived experience, we 
explored the ULL framework as an opportunity for evolutionary, 
cyclical, teleological and dialectical processes of change [128,129] to be 
perceived and unfold in urban planning practice. Through concepts such 
as scenarios, visions, ideographs, cues and fantasies of STI [49], we nego
tiated translations of this conceptual framework within our hybrid TM 
and SNM approach to transition steering and niche management of 
Christiania’s built environment and WEFE infrastructure.

Dominating regulations, management systems, technology para
digms, conventional problem-solving and cultural barriers support the 
incumbent regime of centralised wastewater treatment. Contrasting with 
the broader landscape context, Christiania’s niche operations and imag
inaries need alternative approaches to its management, considering its 
role in broader transitions. Christiania has repeatedly demonstrated its 
forward-thinking approach to social and environmental issues [35,130]. 
The STES change management framework, depicted in Fig 7, visually 
represents our analysis, highlighting the interplay of imaginaries, trans
lations, and transitions within the niche, regime, and landscape levels. In 
Fig 6, we ground that approach to MLP to our case-study transition 
analysis, assumptions and forecasted relevant scenario for further 
research.

4.1. RCSR transitions in a changing landscape: Innovative decentralised 
NBS vs. grey-centralised path dependency

Decoding the translation moments of RCSR paradigms in ongoing ST 
drivers in the landscape [131] is key to understanding the behaviour of 
urban niches like Christiania and regime components in Copenhagen and 
Denmark [27]. In Christiania, we witness a transition from 
grey-centralised Wastewater treatment plants (WWTP) to decentralised 
NBS through CWs finding their place in the community’s protective space. 
This generated a local proto-regime with potential replicability 
throughout the region, resonating with many other emergent bio-based 
technologies and NBS in general.

Our Analysis section starts with the history, stories, and discourse 
underlying problematisations and interests that led to the community’s 

Fig. 6. Multi-level framing of three niche processes identified by SNM (expectations, networking, and learning). adapted to Spongetown Christiania, from [46].
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adoption of BACESS A/S Rootzone Technology Reed-Bed Systems (RBS) 
among many other NBS for GBI. In our Discussion and Design section, 
we review the current network state and our ongoing nurturing knot
working [132] endeavours, which are reassessed through an 
ANT/MLP-framed systemic and evolutionary understanding of multiple 
sociotechnical dialectical and teleological constructions of change over 
time and how they materialise in Christiania and Copenhagen through 
the development of an ever-growing WEFE nexus and STES imaginary 

and visions, illustrated by Fig. 4.

4.1.1. Incumbent, grey-centralised waste and water systems: collection, 
piping, pumping, centralising and distribution of sewage and water through 
chemical treatment plants

Centralised management systems collect, transport, and treat 
wastewater and water resources at industrial facilities, then discharge 
treated effluents into water bodies. Grey infrastructure, such as pipes, 

Fig. 7. Actor-network, pathways and trajectories stabilisation in Spongetown Christiania, adapted from [46].

Fig. 8. Spongetown Christiania as an emerging common agenda aggregating interests and integrating targets. Resulting from the thematic analysis of interactions with 
multiple local network members and regional/national governance actors relevant to Christiania’s urban transitions.
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pumps, and treatment plants for filtration, biological disinfection, and 
chemical treatment, has been the traditional backbone of these systems 
[133,134].

The historical evolution of urban water and sewage systems, rooted 
in the separation of human excreta from society, stems from health 
hazards and social stigmas (perceived by locals A4, A7)14. This led to the 
development of centralised treatment plants. Modern sanitation is 
linked to modernity, improved living standards, and urban health, as 
evidenced by recent urbanisation and industrialisation15, regardless of 
widely known sustainability issues 16. Despite the international 
acknowledgement of serious externalities, WWTPs still largely keep the 
cultural trust built upon their perceived advantages.

As Copenhagen’s urban regime subscribes to the Doughnut Economy, 
NBS and the SCC (even if at odds with Green Growth [135] agendas) [24,
136], Christiania manifests the potential to become a ULL for these 
RCSR transitions [137,138]. Christiania’s unique sociotechnical and 
socioecological positioning in a changing regime and landscape denotes 
the behaviour of a territory (Fig. 5) and community, which stands as an 
urban niche [27] (Table 1; Fig. 5). Its alternative governance, market and 
radical commitment to sustainability are countercultural pioneers 
within the Copenhagen regime and the broader landscape.

SNM [45,46,124,139,140] teaches us to activate existing NBS niches 
in Christiania by shielding and nurturing [141] them, while TM [47,125, 
141,142] focuses on translating the SCC and RCSR paradigms locally, 
steering top-down influences and backcasting OPPs [92,100,136]. The 
Christiania niche resonates with the full scope of RCSR paradigmatic 
principles for urban development [75]. Its experience as a consensus 
democracy favours participatory approaches to urban design, framing a 
place-based opportunity in Copenhagen for alternative urban WEFE 
systems expansion and of the urban niche for NBS in Copenhagen [121,
137,143] or even upscaling of the niches present there as a whole 

constellation (green roofs, red beds, constructed wetlands, green walls, 
edible gardens, hyperaccumulators, bioswales, building with bio
materials, etc.).

NBS could, however, negatively impact Christiania for IUWM if a 
top-down, engineering-dominated mindset disregards the co- 
evolutionary, co-creative potential of engaging with local networks of 
human, non-human and non-living agency [7,69,144]. Expressed socio-
economic matters of concern about NBS adoption are still reliant on Sci
ence and Engineering aspects of the design process - where the lock-ins 
related to stranded assets and the ability to assess and measure 
cost-benefit dynamics to pursue investment [145] have proven to be a 
critical barrier for other ULLs for NBS. Indeed, the life cycles of urban 
product-service systems are complex and uncertain, especially in an NBS 
case, due to the need to account for ES in LCA [146], requiring careful 
pondering and accounting of multiple global and local factors and 
including participatory networks of decision-influencing actants [38,71].

4.1.2. Incremental transitions, path dependency, inertia and the drivers for 
radical alternative niches in Christiania

Conventional WWTP incrementalism falls short of addressing SDGs, 
indicating the need for a radical shift towards RCSR alternatives that 
reimagine the relationship between urban WEFE infrastructure systems, 
ecosystems and natural environmental cycles [147]. Prevailing re
sponses to these sustainability challenges often have involved in
novations within the existing grey systems, focusing on enhancing 
efficiency, reducing energy and chemical inputs (decoupling), and 
minimising emissions [148]. Grey systems’ structural embeddedness in 
urban infrastructure establishes high levels of path dependency and 
transition inertia [61], that are reinforced by dominant values, norms, 
beliefs and practices. Overcoming inertia requires long-term, multi-
sectorial solution development, monitoring, and combinations of 
top-down and bottom-up efforts for systemic public-private, non-gov
ernmental, and non-profit organisational collaborations.

Urban symbiosis through WEFE and GBI eco-connectivity may enable 
urban systems’ RCSR decentralisation shifts [97], allowing local 
resource management. The community of Christiania shares this opinion 
(A.3; A.4; A.8; A.12; A.14) that decentralised NBS fosters community 
engagement and awareness [27,149,150]. Interviewees also reported 
that their experience with NBS suggests slower, less environmentally 
damaging, and less financially costly implementation over time 
compared to centralised grey systems, as supported by relevant litera
ture [42,151].

Adoption of NBS, such as CWs, creates an interest in establishing 
regulatory pathways for ES valuation and economisation, overcoming 
these widespread socio-economic lock-ins (as highlighted in events A.7 
and A.8). Transition to integrated WEFE nature-based infrastructure re
quires not only technological innovation but also systemic changes in 
institutional frameworks in Copenhagen underlying governance, mar
kets, and societal values (A.4, A.14) towards green-blue-grey or even 
multicoloured systems [93]. Integrating ESA-LCA [38,76] may be 
essential (if not a crucial barrier to overcome) to better Christiania’s 
negotiating position at Copenhagen’s municipality table.

4.1.3. Integrating political economy and market dynamics in Christiania’s 
NBS

Economisation, as discussed by [51,152], highlights the processes 
through which NBS valuation translates its pricing. LCA and ES assess
ments are still being problematised into valuation systems [153,154], 
challenging existing market frameworks that have historically extern
alised and showed little interest in ES accounting [155]. The interna
tional markets’ and governments’ struggle to tap the value of NBS and 
their ES ([95–97] underscores the importance of state interventions and 
Public-Private Partnerships (PPPs) (A.14) in redefining economic systemic 
boundaries and pressuring profit motives to care for people and planet 
[145,156]. Overcoming dual market and governance transition inertia 
and path dependency often has required a collaborative PPP approach 

14 Engineering fields have traditionally governed sanitation, water resource 
management and wastewater management in connection with human health 
sciences [84,133,191]. Engineering institutions have designed and developed 
infrastructures to avoid human waste-related impacts on health and environ
mental water hazards, but also intentionally separate the population from 
contact with excreta and toxic pollutants for human and environmental health. 
Cultural Influences on societal perception of human excreta and biological 
waste as essentially negative and the desire for separation have shaped urban 
infrastructure and reflect broader dichotomies such as nature/society [192] and 
body/mind [193]. This has resulted in systems emphasising control over nature 
and detachment from biological processes, prioritising technical solutions over 
ecological integration and sterilising health risks related to pathogens.
15 Safety of alternative plant-based sanitation technology was an expressed 

matter of concern regarding Christiania’s CW in interview A.10. These doubts 
were clarified further in the process in interview A.7 and event A.11.
16 Urban water systems in industrialised nations face sustainability challenges, 

exacerbating PBs overshoots, including biodiversity loss, climate change, 
eutrophication, and ocean acidification. United Nations [194] reports that 80% 
of wastewater globally is discharged without treatment, posing severe envi
ronmental and health risks. Wastewater is growing within WEFE problem
atisation as an "untapped resource" [195] for ES and infrastructural symbiosis. 
Despite their global underperformance in addressing societal needs, the energy 
demand of conventional grey systems, which account for 4% of global elec
tricity consumption and 8% of global GHG emissions, underscores the unsus
tainable nature of current practices [196]. Rapid urbanisation intensifies drivers 
for alternatives, with [22] projecting an urban population increase of 2.5 billion 
by 2050. This demand-side growth strains existing infrastructure that fails to 
meet its targets for mitigating the impact on water quality and availability [22,
197]. Climate change forecasts droughts, floods, and sea-level rise-related im
balances of hydrological cycles to increase in intensity and frequency, 
exceeding the capacity of the sewers and generating dangerous overflows and 
hazardous discharges. Climatic changes in hydraulic loads will also impact 
treatment efficiency, leading to a significant deterioration of the effectiveness of 
urban waste and water systems or irreversible damage and even critical failure 
in providing the required services [86].
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[156]. These allow for synchronised top-down and bottom-up mobi
lisations – a reality acknowledged by key local actors, well aware of the 
vulnerability their niche faces in the environmental landscape - and of the 
regime-level pressures for Christiania’s normalisation (A.15, A.17).

The following subsection discusses symptomatic RCSR translations 
taking root despite cultural, political, and economic inertia. These con
cepts signify positive momentum for WEFE infrastructure transitions, as 
exemplified by the EU NBS Agenda [50,145,157] and Sister Cities such as 
Beijing and Copenhagen promoting the SCC [136,158].

4.2. Regime change: Sponge City Copenhagen between break-through and 
lock-in

4.2.1. Sustainability paradigms, international partnerships and IUWM 
transitions in a sino-european context

4.2.1.1. Global action, policy and international cooperation. LCA and ESA 
find their way internationally through the SDG agenda, and integration 
proposals arise in novel ISO norms currently under development. The 
global movement towards sustainable urban development has seen 
significant contributions from China and the European Union. China’s 
national Sponge City initiative is an example of the LCA-ESA concepts’ 
translation agendas to national urban governance, with cities like Beijing 
and Shenzhen pioneering IUWM strategies and tens of others following 
suit.

The European Union is an important partner in this research and 
governance collaboration, explicitly teaming up with the Chinese 
infrastructural agenda in the China-Europe Water Platform (CEWP).

4.2.1.2. European union’s role in Nature-based Urban Transitions. Euro
pean governance and financial institutions promoting the European 
Green Deal, craft ESG directives and fund Horizon Europe projects, 
emphasising NBS and GBI as central components of urban planning and 
climate adaptation strategies [159], underscoring the importance of 
these solutions and strategies for urban RCSR transitions.

In the EU Urban Water transition framework, BIODIVERSA+ and 
UNALAB coordinate research for NBS and ULLs, while the European 
Investment Bank may provide valuable resources for investing in 
Christiania under this framework of urban development (A.15, A.17). 
The EU has been pivotal in promoting NBS, ES, and ULLs through leg
islative frameworks and funding mechanisms. The Water Framework 
Directive (WFD) and the Urban Wastewater Treatment Directive (UWTD) 
are key regulatory frameworks supporting the implementation of NBS, 
GBI, the SCC, WSUD and IUWM concepts and design principles across 
member states, encouraging cities to adopt SDGs and practices for 
stewardship of the commons within PBs.

4.2.2. Regime trajectory changes and niche expansions in Copenhagen’s 
urban planning and Denmark’s AEC sector

4.2.2.1. A Doughnut for the Built Environment: strategic policies and 
plans. Strategic transition plans guide Copenhagen’s approach to IUWM. 
The Copenhagen Cloudburst Management Plan introduced the manage
ment of extreme rainfall events through integrated GBI and SUDS. The 
Climate Adaptation Plan aims to make Copenhagen carbon-neutral by 
2025, emphasising sustainable urban development towards climate 
adaptation. It proposes that WSUD resolve multiple sustainability issues, 
from mitigating the urban heat island effect to biodiversity regeneration 
and sea-level rise adaptation. Building regulations enforce limited LCA 
nationally, but lag to define legal criteria for ES., The DGNB-DK certi
fication system for built environmental sustainability, however actively 
creates pathways for it.

The Finger Plan adapted its green belt strategies for sustainable 
urban development, using GBI zoning measures for long-standing use. It 
has recently strengthened a new component of coastal protection named 

the Bracelet – a nature-based coastal barrier system for wave breaking 
and sea-level management, including projects in Nordhavn, Sydhavn, 
Amager and Lynetteholm. For Christiania’s urban development, key 
regime players are the municipality, the Culture Ministry and the Envi
ronmental Protection Agency (A.12, A.14), which represent the major 
stakeholders that share ownership over the assets in the territory of 
Christiania with the local inhabitants, as highlighted by interviews (A.4, 
A.12, A.14) and mapped in Fig. 6.

4.2.2.2. Niche Innovations between Christiania and BACESS. Christi
ania’s RBS, CWs and GBI represent a grassroots approach to NBS, 
showcasing how community-driven projects (A.4, A.5, A.7, A.11 A.13) 
can contribute to the city’s broader sustainability and specific water 
management goals. Actors in our project network like (A.4, A.7, A.11, 
A.12, A.13, A.14, A.15, A.16) were instrumental as they actively 
contribute to this day to the RBS and CWs design, construction and 
maintenance in Christiania. BACESS’s technological solutions illustrate 
the potential of private sector innovation in supporting urban sustain
ability when the public sector opens a WoO for decentralised solutions, 
even with a small-scale public sector niche like Christiania.

4.2.2.3. Niche-Regime interactions: multi-level pathways of STES Change.
The interaction between niche innovations in Christiania and BACESS 
and Copenhagen’s urban water management regime highlights the dy
namic relationship between localised projects and international urban 
sustainability landscapes. These interactions highlight the potential of 
niche innovations to influence the municipality’s agenda and become 
integrated into it as boundary objects and interessement devices. 

• The success of niche innovations in influencing the broader regime is 
contingent upon a supportive regulatory context as discussed in (A.4, 
A.7, A.11), with actors from Christiania’s Building Office and care
takers of local wetlands and RBS (A.7, A.13, A.15, A:16), and 
responsible for the design of the Christiania’s 1991 Green Plan and 
with members of the Frie Natur association (A.14, A,17) which pro
tects biodiversity in Copenhagen with a focus on the island of 
Amager, in the areas of Christianshavn and Christiana).

• The partnership between Christiania’s Building Office and BACESS 
A/S (A.11, A.15), namely between (A.4) and (A.7) actors, municipal 
and national authorities, illustrates the importance of collaboration 
across different stakeholders linked with varying levels of agency and 
role expertise. This collaborative approach aligns the neighbour
hood’s niche innovations with the city’s sustainability goals and 
national regulations, enabling broader impact through scaling up.

• Further collaboration with regime actors like Københavns Kommune, 
DGNB, and IUCN may unlock critical pathways for boundary objects 
to arise in negotiations that further empower Christiania’s NBS by 
rendering the community a protected space. Complementarity with 
place-based approaches at the regime-level in partnership with NBS 
and ULL initiatives in Horizon Europe may create multi-level mo
mentum in numerous organisations around Christiania towards ESA- 
LCA research. Our latest interviews with Christiania’s Byggekontor 
pointed firmly towards the community’s interest in this collaborative 
agenda, also pointing greater favourability towards the European 
project than had been the case in the community’s countercultural 
inclinations.

4.3. Strategic management of Christiania’s niche amidst Copenhagen’s 
transition trajectories

Christiania is well-equipped to become an official ULL for NBS in 
Copenhagen (A.12, A.14, A.15, A.17), with the particularity of its 
leading CW experimentation within the municipal SCC framework, 
especially for its wastewater treatment GBI. Their RBS for wastewater 
management aligns and already goes further (A.4, A.10, A.13, A.16) 
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than Copenhagen’s incremental takes on wastewater infrastructure 
agendas [121,160]. Christiania’s collaborative efforts towards support
ing our research revealed during this process not only their particular 
sensitivity towards landscape-level matters of concern [161,162] but also 
their willingness and agency to influence Copenhagen’s urban future 
even beyond their settlement and local interests, pressing for tipping 
points [163] in regional urban transitions and pursuing connected regi
me-change WoO [33].

4.3.1. Christiania’s role in advancing NBS, GBI, and the SCC
Christiania demonstrates a rare convergence of NBS infrastructure 

for WEFE systems, place-based stewardship, and unique cultural affinity 
with RCSR sustainability. Among the most ecologically significant areas 
in Copenhagen, it features multiple protected habitats including ponds, 
wet meadows, and forest patches that support key species such as Rana 
temporaria, Lissotriton vulgaris, and a variety of mosses, birds, and 
aquatic invertebrates. The neighbourhood provides year-round ecolog
ical services: shading from mature canopies (e.g., oak and hawthorn), 
amphibian migration corridors, pollinator habitats, and stormwater 
buffering. Cumulative human-nature interaction, not central planning, 
produced these benefits – reinforcing network resilience through co- 
creative collaboration between the Gardener’s Group, local businesses, 
and inhabitants, rather than conventional top-down centralised land
scape planning.

Christiania already embodies Copenhagen’s Biodiversity Strategy 
2050 targets, with over 10% freshwater coverage, habitat connectivity, 
and food-producing vegetation networks. Actors such as A.4 and A.13 
alerted us of their detailed observations about seasonal and historic 
shifts in pond water quality, salinity levels, sedimentation, nutrients and 
reedbed health, showcasing a decentralised native knowledge network 
that we only begun to untangle. As an NBS prototype, Christiania aligns 
with SCC ambitions and surpasses Copenhagen’s current IUWM de
ployments. The CWs alone, adapted over time with community input, 
treat household wastewater, enable habitat preservation, and engage 
residents in adaptive maintenance cycles – they are unique in Copen
hagen, treating blackwaters and greywaters locally.

4.3.2. BACESS A/S and Christiania’s informal PPP
Reciprocal learning, rather than conventional supplier-consumer 

dynamics, shaped the relationship between BACESS A/S and Christi
ania - in a relationship that resembles a micro-scale public-private 
partnership. According to A.7 and A.11, Christiania’s residents played a 
direct role in identifying the location, orientation, and operational 
constraints of RBS systems, particularly in areas affected by soil quality, 
usage patterns, and water volume fluctuations. Users modified the 
original system design plans through these engagements to match the 
realities of everyday life, seasonal flow, and to formalise roles, re
sponsibilities, and maintenance routines.

Residents frequently offered feedback on usability and maintenance 
issues (A.11), while BACESS adapted system simplification strategies to 
reduce misuse and improve robustness over time. On interview A.4 it 
was noted that such co-design processes allowed the systems to be 
absorbed into community routines, extending the value of the infra
structure beyond its technical performance, but also providing venues 
for maintenance fine-tuning and a sense of ownership. The decades-long 
partnership also avoided conflicts common in mainstream infrastructure 
projects by embedding user trust and agency from the start. BACESS’s 
experience in Christiania has since served as a reference model for 
adapting CW design to dense, low-formality urban sites.

4.3.3. Institutional and regulatory framing of RBS and CW
Denmark’s regulatory and political landscape significantly influences 

the implementation of RBS, CW and NBS within Copenhagen’s regime, 
the market framing of economic systemic boundaries, and connected 
overflows. Guidelines established by the Danish Environmental Protec
tion Agency for Rootzone Technology and willow-based CWs outline the 

performance expectations and design requirements for these systems 
[164] but do not explicitly account for a broader ES framing, as docu
mented in (A.4, A.7, A.13, A.16). Christiania has the potential as a ULL 
to develop and experiment with internal frameworks to build these 
processes outside of conventional institutional boundaries, exper
imenting with concepts such as Sharing Economy and Doughnut Economy 
internally, and using its findings for widespread adoption of sufficient 
statistics for valuation and economisation such as pricing for pacifying the 
service at the broader regime and landscape levels.

4.3.4. Leveraging International and Local Multi-Level Dynamics for Niche 
Management within broader Transitions

The TM perspective of Christiania’s urban niche persuades us to 
inform and steer niche initiatives by navigating regime TPs like Copen
hagen’s collaboration with Beijing on the SCC (A.17). This partnership 
leverages global insights on the SCC and IUWM systems, aiming to refine 
and scale CW and broader NBS applications at local scales towards 
global synergy steering [100,102,136]. As noted by A.13 and A.15, local 
actors are open to engaging with these frameworks strategically, espe
cially in collaborations with researchers and visiting urban transition 
teams. Their NBS bioremediation work near Mælkebøtten, mitigating 
soil contamination, could serve as a proof-of-concept for future 
EU-aligned local brownfield restoration. The interest among residents in 
contributing to Horizon-linked projects—without sacrificing autono
my—suggests potential for trans-local collaboration that strengthens 
niche-level agency, but also regime change opportunities.

Overall, the growing sentiment in the community that future threats 
transcend their scope and capacity for effective intervention paves the 
way for TM tactics to become increasingly relevant to Christiania’s 
urban niche management.

4.3.5. Niche-regime state of affairs and implications
The dynamic interaction between Christiania’s niche innovations and 

Copenhagen’s urban water management regime highlights the potential 
for localised solutions as regime tipping points in the landscape, by rein
forcing feedback loops (Fig. 6; Table 1). These interactions suggest 
pathways for integrating innovative water management practices into 
Christiania’s urban planning, but also the potential for the city to learn 
from a plethora of alternative approaches present in the neighbourhood, 
from RBS to CWs and NBS for multi-coloured infrastructure.

However, the regime still lacks mechanisms to integrate meaningfully 
the informal sociotechnical system logic escaping its bureaucracy. For 
example, Christiania’s mitigation strategies address soil contamination 
around Krudthuset and Mælkebøtten (A.4, A.14). Infrastructural neglect 
allowed the site’s contamination, stemming from decades-old military 
industrial activities, to persist while the community’s damage mitigation 
efforts went unrecognised. The contradiction highlights the asymmetry 
between local agency and central policy validation, as well as socially 
discriminatory regime practices denounced by the local community.

The ongoing Lokalplan negotiation reflects these conflicts. Although 
people have cited Christiania’s contributions to Copenhagen’s culture 
and landscape, its STES remain underrepresented in zoning logic, land- 
use analysis, and sustainability strategies. Actors such as A.11 sug
gested the development of valuation infrastructures — like stewardship 
credits or participatory certification — that would help reframe Chris
tiania’s systems from informal experiments to institutional benchmarks. 
This would not only improve regime responsiveness but also support 
Christiania’s role as an experimental actor.

Transition potential is highly wicked, including all TPs, such as 
reproduction processes, de-alignment/re-alignment, technological substitu
tion, reconfiguration, and hybrid pathways. Multiple parties steer these 
trajectories, adjusting to VUCA factors as STES conditions change and 
clash with RCSR paradigms in urban governance and planning practices, 
as a novel cycle of regime-niche interactions begins.
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4.3.6. Strategic implications for niche management and transition steering
The exploration of NBS and CW in Christiania, facilitated by BACESS 

and supported by regulatory frameworks, exemplifies an actionable 
approach to urban water management innovation. These initiatives 
illustrate the importance of niche shielding in fostering sustainable urban 
transitions. Indeed, local actors in Christiania are knowledgeable and 
responsible for implementing, maintaining, expanding and reviewing 
local NBS practices, a condition of community embeddedness deemed 
necessary for most successful NBS and ULL projects. Our ongoing 
collaboration intends to leverage the presented WoO in our MLP towards 
future niche expansion, unlocking relevant expectations as they present 
themselves through engagement with municipal, national, and Euro
pean organisations and international collaborations (Fig. 6). High cus
tomisability to user needs and provisioning of learning venues for 
knowledge and agenda sharing are key for NBS businesses in Christiania 
and in general. This could prove unmanageable when attending to local 
expectations and implementing highly bureaucratic standards such as 
DGNB, IUCN or methodologies as complex as ESA-LCA. The vast amount 
of information needed from Christiania’s urban planning network’s 
multiple members and connected STES, combined with highly complex 
criteria, might still present challenges, even with effective information 
sharing and communication.

5. Design and discussion

5.1. Strategy, tactics, decision-making and engagement

5.1.1. Niche management for expansion and empowerment
Strategically chartering these trajectories involved contributing to the 

problematisation of niche shielding, interessement and enrolment for 
nurturing, and mobilising towards expansion and empowerment (Fig. 7). 
Our work utilises urban planning as a key OPP and WoO, ensuring 
higher trajectories are contemplated and translated into Spongetown’s 
SNM. The effectiveness and viability of CW and NBS in tackling urban 
water issues help to draw broader support within Copenhagen. As these 
innovations establish legitimacy, regulatory and policy frameworks 
adapt, supporting their wider application across the urban regime and 
slowly overcoming lock-ins, as illustrated in our niche-landscape trajec
tories charting towards Spongetown Christiania breakthrough in Fig 9.

5.1.2. Multi-level interactions with endogenous regime changes
Christiania’s niche innovations intersect with Copenhagen’s urban 

water management regime through processes of substitution and emergent 
transformation, facilitated by collaborative efforts, policy dialogues, and 
best practice sharing. International partnerships underscore the regime’s 
adaptive response to niche innovations, transitioning from traditional 
WWTP and grey infrastructure towards NBS. This foreshadows potential 
for novel trajectory pathways if Christiania adopts an ULL approach that 
caters to the Sino-European agenda as a suitable laboratory. Rebound 
effects from international landscape drivers could also act as crucial 
positive feedback loops, disrupting lock-ins from path dependency and 
transition inertia. Framing these visions was our main niche nurturing ac
tivity as project participants and our key contribution to empowering 
ongoing SNM activities.

5.1.3. Leveraging RCSR landscape drivers
The RCSR framework for Sustainability collects four concepts that 

we identified as major ideographs and cues in current conceptual 
discourse as landscape positive pressures being locally translated. The 
RCSR concepts are already present in major communications in gover
nance and market devices in Copenhagen. Their meaning is fuelled by 
fantasies that trickle their translation potential into concepts like SDGs 
and Doughnut Economics. As practitioners, Christiania’s role was 
instrumental in broadening our understanding of sustainability imagi
naries; its counterculture’s fantasies and ideographies helped shape our 
vision for its development as a unique case study for ambitious, 

promising, and radical agendas in IUWM transitions — otherwise, we 
would likely have settled for a less ambitious agenda. Problematising 
global agendas, we strived to empower Christiania’s transitions at the 
local while steering regional and international levels (Appendices A, B 
and C) into a Spongetown Strategy and Project – as RCSR takes root in 
Christiania, in its turn the community drew this inspiration from a 
plethora of international influences. It holds the promise of growing 
these proto-regimes beyond its territory, expanding those niches as a place 
of utopianism.

5.2. Negotiation spaces and transition pathways for the translation of a” 
Spongetown” ULL in Christiania

5.2.1. Actor-network, Boundary Objects, and Interessement Devices
The ongoing negotiation processes involve diverse actors and actants, 

including the Christiania community, scientists, managers, engineers, 
designers, implementers and users. The agency under this framing ex
tends even to non-living entities like the CW and the ES they provide, as 
well as the living beings (human and non-human) that inhabit them; 
however, methodologies to render the latter actionable were found to be 
more sparsely mentioned or consensual in the literature of our thematic 
case-study oriented analysis. The human/non-human, living/non-living 
assembly emphasises ANT’s symmetry principle in clarifying the un
derstanding of the heterogeneity of entities within STES networks. Their 
agency and connected MoT, matters of fact, value and concern can be 
explored within SNM and TM processes as suggested in Fig. 8 towards 
OPPs – in our case, they define the boundaries of an urban plan.

The following interessement devices played essential roles in multi-level 
translations for navigating scenario envisioning and steering the transition 
experiments and co-creation of imaginaries and perceived OPPs also 
framed negotiation spaces in our study: 

• Investment, Legal Frameworks and Agreements: Essential for for
malising engagement, these devices help align the diverse actors’ 
roles with the project’s objectives, highlighting the socio-political 
intricacies of environmental governance.

Fig. 9. Illustration articulating imaginaries from key stakeholders in our in
terviews regarding urban development possibilities and desires for Christiania’s 
urban future – a product of envisioning exercises.

M.H. Morgado et al.                                                                                                                                                                                                                           Nature-Based Solutions 8 (2025) 100237 

16 



• Participation Venues, Educational Programs and Learning Opportu
nities: These are critical tools for aligning community interests with 
environmental sustainability, emphasising the role of knowledge 
dissemination in actor-network alignment. The proposed IUCN-DGNB 
MCDM framework in Appendix B allows Christiania to compile, 
organise, and analyse the considerable ammount of knowledge 
required across multiple WEFE sectors.

• Demonstration Projects, Networking and Articulating Expectations: 
Showcasing the tangible benefits of NBS, serving as practical exam
ples of the ULL’s potential impact, attracting support and engage
ment from a broad range of stakeholders. The community has a long 
tradition of hosting and fostering these kinds of activities without 
support from outsiders. It is, therefore, worthy of being considered 
for public and private investment within the community’s profit 
control measures.

5.2.2. Proposed Passage Points for Spongetown ULL
The RCSR paradigms for the ULL were important imaginaries towards 

urban agenda problematisation and actor enrolment clarification [165], 
facilitating collaboration across agency domains and providing a shared 
envisioned space for innovation and experimentation in our network. We 
envisioned Spongetown as a hub that embodies the community’s aspira
tions towards sustainable urban living and stewardship enactment of the 
core tenets of their countercultural lifestyle, which is arguably becoming 
mainstreamed in some regards (Table 1; Fig. 8; A.21). The urban plan is 
a key OPP that can enshrine a concrete trajectory for ongoing urban 
negotiations, experiments, and agenda alignment with the municipality 
(Fig. 8). It also reignites interest in the community’s aspirations and 
collective identity renewal.

The SCC, likewise, acts as a boundary object, offering a unifying 
framework for sustainable water management and criteria for defining 
our ULL’s teleology – a technical concept with roots in both ES and life 
cycle circularity. This concept facilitates engagement across disciplinary 
fields, aligning with the ANT perspective on the adaptability and 
robustness of boundary objects to maintain coherence across different 
contexts – for instance, between organisations like IUCN, DGNB, 
Copenhagen municipality and the European Commission. Spongetown 
resonates with the messaging of Bevar Christiania inspiring community 
resilience and tapping the perceived need to reinvent the genius loci. The 
recent eradication of gang violence rekindled the hope that a new 
episode in this place’s story may unfold.

5.2.3. Drivers for ES Valuation Spongetown Translation Moments
Economic Valuation of ES proves wicked in monetising the indirect 

(externalised) benefits provided by CW, such as climate regulation and 
biodiversity. The ANT perspective suggests that integrating new actors 
or rewiring their networks could navigate these barriers, enabling a 
more comprehensive incorporation of economic and managerial con
cerns [132,165,166] into niche-level efforts, and reducing externalisa
tion risks of regime activities [152], while our MLP-SNM provides the 
systemic framing and understanding of the institutional evolution that 
underlies valuation systems, and why externalities exist in the first place 
[5]. Both approaches to problematisation and analysis of the present 
situation can be solution-oriented, and are not mutually exclusive, but 
have diametrically oppositional focus. We believe that a balanced usage 
of both perspectives is necessary for a strategic outlook that understands 
its assumptions and the need to revise them, which is all too true when 
commenting on the financial value of solutions under a widely criticised 
economic landscape of capitalist regimes.

Christiania’s distinctive legal and governance landscape poses 

specific challenges and opportunities in navigating legal and governance 
structures, which could provide a unique blend of lock-in/break-through 
scenarios in ES valuation. Utilising the ULL as a boundary object can help 
bridge Freetown’s radical pathways to sustainability and underlying vi
sions with incremental political agendas, fostering collaboration and 
mutual understanding of the underlying value in ES economisation, by 
leveraging European support to bypass regional interests and narrow 
municipality problematisations.

5.3. Managing transitions, translations and niches: a symbiotic, 
regenerative and circular design process for a Spongetown Lokalplan

Our Spongetown Lokalplan concept represents a strategic initiative to 
embed NBS and GBI within its urban fabric, aiming to align with 
Copenhagen’s Finger Plan and its novel Bracelet. This municipal plan 
prioritised the enhancement of green wedges, stormwater management, 
biodiversity conservation, and climate change adaptation through sus
tainable urban interventions. Christiania’s unique position, nestled 
within the Christianshavn neighbourhood near Copenhagen’s coastal 
area, offers a distinctive opportunity to implement these sustainability 
concepts effectively at the palm of the plan. However, the endeavour to 
integrate CW for ES into Christiania’s landscape unveils a complex sce
nario of negotiation spaces and TPs, fraught with both opportunities and 
challenges connected with LCA-ESA valuation and PB framing.

Vulnerabilities to storm surges (up to 7.4 m) and projected sea-level 
rise (4.4 m) [167] provided recurring triggers for network realignment. 
Regenerative design proposals resulted from residents and institutions 
translating these pressures, voiced through their concerns and caretaking. 
Contaminated zones like Krudthuset and Sølyst (A.5, A.14) became 
reconfigured as remediation interessement hotspots, potentially enrolling 
fungi, hyper-accumulators, and sediment-filtering wetlands as 
non-human actants in future-oriented healing assemblages.

Brackish rainwater reservoirs spawned iterative interessement as 
infrastructural boundary objects, linking freshwater, marine, and com
munity places (Figs. 5; 8; 10). Floating wetlands and mussel reefs further 
reinforced the inter-scalar linkages between local care and regional 
adaptation. These interventions not only enhanced enrolment among 
new stakeholders (e.g. marine scientists, biodiversity advocates) but also 
kept the socio-technical system open to future translation. Likewise, 
multi-functional seawalls, kelp forests, and seagrass meadows reor
iented hard infrastructure into living, polysemic actants. They simulta
neously address climate resilience, ecological restoration, and carbon 
capture, making them effective interessement devices across governance 
scales.

Proposed mobility infrastructures—such as bridges connecting 
Christiania to Amager and Refshaleøen — should extend the labo
ratory’s reach while upholding the community’s (and the city’s) soft 
mobility strategies. These proposals were not static; they operated as 
devices for negotiating urban identity, scale, , rhythm and accessibility. 
Introducing experimental landscape proposals reinforced the plan’s role 
in (de)stabilising transition dynamics. These negotiation spaces, envi
sioned as open to adaptive experimentation, facilitate back-and-forth 
movement between enrolment and mobilisation. Their value lay less in 
fixed outcomes than in their capacity to forecast future relationships 
between actors, infrastructures, and living beings and places.

5.3.1. Boundary objects for urban sustainability transitions
The ULL and SCC transcend traditional disciplinary divides and 

enable innovation. These concepts facilitate collaborative engagement 
and embody the project’s sustainability goals, which are crucial for the 
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co-construction of knowledge and development of material-semiotic 
networks for overcoming typical NBS’s barriers [168,169]. Urban 
planning as a boundary object works especially well in negotiations and 
envisioning expectations (Figs. 9, 10), however, it demands the taxing 
creation and comparison of many credible scenarios through trans
disciplinary MCDM [170] (Figs. 7, 10).

5.3.2. Valuation, economisation and social justice concerns
Regarding social justice, the lack of recognition for Christiania’s 

pioneering sustainability efforts, especially in broader urban water 
management discussions, alongside the disengagement of Christiania’s 
Building Office from strategic municipal issues, poses significant chal
lenges to achieving cohesive urban multi-level breakthrough in our case 
study. Low endogenous sociotechnical resources for scientific analysis of 
the valuation of current ES in Christiania, could inhibit the community 
from analysing their stewardship of local ecosystems and to gather ar
guments to address distributional justice issues.

The community adheres to the usage of “slow technology” (A.4, A.11, 
A.15, A.17) in opposition to mechatronic and digital technology – which 
they defend through degrowth conceptualisations of ecological, sharing 
welfare, that could be disregarded as nostalgic or naif. However, this 
stance also echoes co-related lack of significant capital investments and 
central power structures’ interest in the niche’s alternative projects and 
revolutionary ethos. Ostracisation impairs ambitions of technological 
development and could cause diminished community know-how and 
interest from the get-go but conversely boost drivers for decentralisa
tion. A place-based approach to hybridising “high” and “slow” technol
ogy may provide the most interesting and adaptive TPs for niche 
management [41].

Christiania’s territorial management, property structure, and au
thority over different expertise frame procedural justice as a complex 
institutional issue, riddled with significant inter-organisational siloism, 
animosity, and ambiguity. Native techno-scepticism further entrenches 
the local community, which already suffers a generalised under- 

Fig. 10. A design-scenario experiment for Spongetown Christiania. We assumed a high public investment in redesigning Christiania’s wetlands for coastal resilience. 
Considering predicted storm surge effects (Appendix C), we suggested the creation of a wave-breaking wall that doubles as an urban bridge structure protecting the 
lakes as a freshwater biome against flooding, while connecting Indre By and Christianshavn. The proposal includes a low blueprint, moderate-density urban 
development. Floating landscape architecture is envisioned to provide for long-term nature-based activities.
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appreciation of the breakthrough potential that may be dormant in the 
NBS on its grounds, alongside its institutional and organisational 
structure (A.15, A.17),

The complexities of sufficient statistics that can lead to economising 
and commodifying ES through pricing [171,51,166] and navigating 
Christiania’s unique legal framework may also inhibit the Spongetown’s 
ambitions. The unavailability of ISO norms for ESA-LCA integration and 
the international backpedalling on these issues by political forces means 
Christiania cannot disregard negative scenarios, justifying its healthy 
scepticism over the recognition of their stewardship of ES.

Christiania’s economic semi-autonomy may be key in experimental 
projects for alternative ES and NBS valuation systems. Its native culture 
aligns with broader societal transitions away from the typical environ
mental externalities of laissez-faire capitalism present in the regime. 
Instead of capitulating to incumbent economic institutionalism or 
neoliberal policies, Christiania’s capacity for planning sharing and 
ecological economics could better enable ESA-LCA performance, given 
the community’s explicit preference for Keynesian, Marxist, doughnut, 
and degrowth economic approaches.

Against the backdrop of growing interest in NBS, participants flagged 
the risk of instrumentalisation [172] — where its valuation might serve 
as a proxy for gentrification through liberalisation of local land assets 
[130,173] (A.17). To counteract this, our proposal integrated partici
patory certification, anti-displacement mechanisms, and negotiated 
land-use agreements as stabilising devices. These contrasts pose complex 
reconfiguration TPs for the Copenhagen regime as sustainability change 
drivers impact the problems of economisation models worldwide in 
adaptation to PBs and limits to growth. Societal challenges in the land
scape emerge from the foundational assumptions of economic theories, 
the institutional inertia of entrenched power structures, and property 
regimes governing material and financial assets in Christiania.

5.4. NBS, GBI and RCSR sponge cities - a sociotechnical imaginary for an 
IUWM experiment in copenhagen

5.4.1. Vision and aspirations for NBS and GBI mobilisation through ES 
valuation

Spongetown Christiania’s vision is to create RCSR urban transitions 
toward NBS for IUWM by mobilising systemic strategies into practice via 
experiments 17. Inspired by the principles outlined in its vision, we 
backcasted scenarios for integrating NBS and GBI into the fabric of 
Copenhagen as a Sponge City. Our multi-level strategy aims to transform 
urban landscapes towards ecosystemic mimicry that not only withstands 
climate adversities but also enhances biodiversity and community well- 
being, RCSR principles for harmony with nature and translating locally 
broader landscape transitions by leveraging potential partnerships with 
transition-prone actors in the regime.

5.4.2. Urban planning and governance scenarios, multi-level management 
considerations and multi-criteria decision forecast

Christiania’s transition does not reduce to a binary between nor
malisation and autonomy pathways. Rather, it unfolds across a diverse 
trajectory field over a landscape of urban infrastructure governance and 

spatial scenarios, shaped by the interplay between internal and external 
network, regime selection agenda and environmental pressures. We 
analysed these trajectories, structured through a combined 
SWOT–PESTEL framework (Appendix B), illuminate both the com
munity’s strengths, weaknesses and adaptive capacities (or inertias and 
path dependencies) to the systemic forces that shape its exposure to risk or 
opportunity. Together, they formed the strategic groundwork for multi- 
criteria and multi-level planning decisions.

At one end of the spectrum lie scenarios of environmental erosion, 
social displacement and economic exclusion. Politically, delegitimisa
tion and elite capture describe dynamics in which external actors over
ride or fragment Christiania’s internal governance, undermining its 
direct democracy. In the legal domain, unilateral enforcement emerges 
from overlapping or conflicting regulatory regimes, leading to planning 
paralysis, demolition threats, or institutional lock-ins. Unchecked 
contamination, canopy clearance, and infill construction degrade and 
fragment ecological areas, compromising biotopes and wetland ecolo
gies. Communities face threats from unchecked rising seawater and 
groundwater levels, while storm barrier design ignores their interests. 
Preference for WWTP solutions and technocentric NBS further triggers 
social discontent. Exclusion and incompatibility arise from imposed 
systems that fail to align with local capacities and interests. Economi
cally and socially, the scenario of gentrification and cultural erasure sees 
speculative forces displacing existing residents, undermining the com
mons-based institutions that define Christiania’s cultural identity. 
Reproduction and transformation pathways look like the lesser of evils, 
while Christianites struggle to fend off purposive transitions aimed at their 
proto-regime and negotiate damaging attempts at reconfiguration coming 
from multiple regime sectors.

In contrast, scenarios of RCSR transition foreground Christiania’s 
potential as a living laboratory for sustainability. The ecological pres
ervation scenario reinforces biodiversity corridors and protects critical 
habitats. Transformation transition pathways take this further, with 
regime sponsorship empowering endogenous GBI to restore polluted soils 
and groundwater systems. Sponge city integration embeds Christiania 
within Copenhagen’s climate resilience framework, re-aligning with 
local WEFE systemic adaptation agenda. Socially, community-led 
development and inclusive transition prioritise accessibility through 
novel soft mobility infrastructure, coastal renewal, and social equity 
through spatial design. Technological strategies and low-tech steward
ship, make way for transparent and accessible real-time digital envi
ronmental monitoring and infrastructure renewal – showcasing internal 
niche openness for substitution pathways for the greater good. 
Economically, commons-based circularity and ES valuation enable local 
self-reliance and open pathways to stewardship-based funding, based 
upon carbon sequestration and other net-positive impact accounting – 
showcasing the depths of landscape change in regime re-alignment. Le
gally, customary autonomy offers recognition of Christiania’s sui generis 
governance within a stabilising framework.

Hybrid scenarios of negotiated compromise emerge between these 
poles. Gradual formalisation and regulatory integration provide phased 
alignment with statutory frameworks, but may constrain self- 
governance. Green growth investment mobilises funding for sustainable 
retrofits at the risk of market intrusion. Legal pluralism and technolog
ical retrofit compromises offer more flexible solutions, balancing inter
nal norms with formal requirements. Compromise scenarios, while not 
resolving fundamental tensions, may offer stabilising mechanisms in a 
complex and changing institutional context. As middle-of-the-road 
pathways between idealistic and catastrophist expectations, perhaps 
they are the most likely to come to pass – in fact, they might already be 
present by combining aspects of utopian and dystopian scenarios.

5.4.3. Translating RCSR urban transitions, NBS WEFE imaginaries and the 
spongetown vision for Christiania

Spongetown Christiania as a ULL may come to represent a landmark 
approach to urban sustainability, blending NBS, multicoloured 

17 Central to achieving this vision is the strategic mobilisation of NBS and GBI 
infrastructure, enrolling actors, and mobilising a whole living network. CWs, 
green roofs and edible gardens perform essential ES in Christiania’s ecosystems 
and sociotechnical networks and are inhabited by a rich living community of 
unacknowledged non-human actors. As detailed by [133,87], these wetlands 
hold a potential for integrating natural processes into urban design, offering 
solutions for water management, food production, carbon sequestration, 
biodiversity enhancement, and recreational, leisurely places. Recent ap
proaches showcase the untapped potential of urban areas to contribute posi
tively to climate and biodiversity through CW’S ES, aligning with RCSR 
transitions and learning from their historical development.
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infrastructure, and RCSR principles in urban management, planning, 
and designing. Its model addresses ecological challenges while advo
cating for and experimenting with a reimagined market and policy 
landscape that co-exists with a post-growth prosperity paradigm in 
development.

By locally rendering tangible global agendas, we strived to turn 
imaginaries into visions and actionable in teleology for MCDM. In our 
Supplementary Material document, we have presented the project’s 
latest proposals for urban planning and governance (Appendix C).

6. Conclusions and recommendations

Overcoming transition inertia in Christiania’s and other urban WEFE 
NBS niches requires engaging a range of actors from the AEC public and 
private sectors, such as urban designers, engineers, and policy-makers, 
from top-down, bottom-up or even lateral positioning. Our hybrid STS 
framework data collection may have sacrificed perceptions of landscape- 
to-regime translations by not engaging directly with those regime actors or 
inviting them to interact with the niche sooner. This was, however, a 
strategic option deemed necessary because of insufficient niche 
maturing, agenda misalignments and dispersed problematisation 
regarding regime transitions in Freetown. A focus on shielding became 
necessary for articulating expectations, learning, and mobilising a newly 
empowered network at the niche level. Poorly articulated problem
atisations, lack of interessement devices, and pre-enrolled actors in 
addressing STES challenges could downgrade the niche’s perceived 
value in current urban negotiations and was therefore avoided alto
gether and supplemented alternatively by official documentation rep
resenting regime and landscape-level organisations, problematisations, 
agenda, roles, and projects. Limitations of time, funding, and disci
plinary scope prevented the adequate enrolment of the many relevant 
actors that comprise the regime. Appendices B and C contain supporting 
ethnographic and spatial analysis data.

To address RQ1, we adopted an integrative framework combining 
material-semiotic and systemic-evolutionary perspectives of STs. From 
this design-for-RCSR-ST framework, we derived the SCC, translating it 
into our ULL transition strategy and applying it as an experimental 
transition design model in Christiania’s Spongetown Lokalplan. We 
explored conceptual transition design, as well as forecasting pathways 
and scenarios for shielding, nurturing, and expanding the niche. This 
empowered a strategic shared vision and tangible common agenda for 
the urban development of Christiania and Copenhagen — an interesse
ment device that gained bottom-up traction and enrolled us in the 
forthcoming next phase of community mobilisation toward the ULL pilot 
project (A.15, A.17). Our approach aimed to configure an institutional 
setting favourable to plural urban governance while tactically 
leveraging ambiguity to maximising flexibility in the management of 
expectations and agenda aligments.

To address RQ2, we grounded our framework in a structured design 
methodology and proposed three interrelated design approach sets, 
operationalised within the RCSR STs framework. These sets translated 
theory into practical scenario-building tools and MCDM approaches, 
tuned to the spatial, social, and institutional specificities of Christiania: 

• Socio-ecological and BiD approaches apply principles, strategies and 
processes of BM, Permaculture, and Regenerative Design and Devel
opment to create co-evolutionary, symbiotic NBS. These strive to 
synergise with natural ecosystems’ life cycles, processes, and 

patterns towards RCSR design for SDGs within PBs, pursuing plane
tary stewardship of the commons.

• Socio-technical design approaches, such as ANT, TM, MLP, SNM, 
DfST, and Participatory Co-Design, are to be applied considering the 
social, organisational, institutional, and cultural dimensions of the 
systemic design of urban STs, accounting for pathways, imaginaries, 
and, multi-level translations. They apply to break through from lock-ins 
and inertia by leveraging bottom-up and top-down, radical, and in
cremental change factors and navigating environmental, institu
tional and STES systemic selection environments towards the 
evolution of sustainable innovations and connected agendas.

• Techno-economical design approaches, including Agile, Parametric, 
Generative, and Digital Design [174] methods, using advanced 
processes, enabling real-time LCA and ESA integration, through BIM 
and GIS to optimise the design and operation of urban WEFE man
agement systems. In integration with STES, information-intensive 
and sophisticated digital tools may prove key to make the market 
case for ES valuation by generating knowledge on the value of 
Christiania’s ecological and urban assets. Still, they imply high in
vestment, social capital and the usage of robust interdisciplinary 
effective and time-efficient problematisation for MCDM approaches 
[118].

These design heuristics have collectively enabled Christiania to 
pursue IUWM and transition its WEFE systems toward RCSR sustain
ability paradigms in the past and hold great promise for their future 
(RQ3). They can enable MCDM and scenario fine-tuning and modelling 
aligned with DGNB-IUCN indicators (Appendices B and C), to render 
them translatable to actors in the Danish-European AEC regimes. Opti
mised they can navigate pathways in real-time for a transitioning 
Christiania and its WEFE systems to enable activities aligned with 
broader RCSR sustainability strategies. Literature and field practice 
confirm that these design approaches have strong transformative po
tential and warrant further exploration and integration. Though ten
sions persist between competing schools of thought, we found 
complementarity between socio-ecological and socio-technical ap
proaches. Their cross-polination yields a practical and nuanced vocab
ulary for mobilising sustainability concepts into action. We invite critical 
testing of this framework’s overlaps, assumptions, and limits and call for 
continued hybridisation of STS and SES models to further contextualise 
emerging urban transition processes.

The lab-hub of Christiania’s NBS could act as a strategic interface 
between research, governance, and experimentation — bridging aca
demic STES theory and high-end disciplinary practices to a living place 
and willing, deserving community. Considering the growing demand for 
LCA, ESA, ESG, and related assessments—and recognising their insti
tutional and technical complexity—Christiania must remain radically 
adaptable. This community serves as both an experimental agent and a 
proven testing ground for decentralised responses to global challenges as 
sustainability tools and planning frameworks are developed. Its example 
shows that adaptability must extend beyond spatial design to gover
nance, legal instruments, and knowledge systems — supporting diverse 
actors in co-creating value, navigating VUCA, and shaping RCSR change. 
Christiania persists as a hallmark of how urban sustainability experi
ments can defy and inspire the status quo amid accelerating global 
wickedness.
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