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Abstract
Urban living labs have emerged as spatially embedded arenas for governing urban transformation, where heterogenous
actor configurations experiment with new practices, institutions, and infrastructures. This article observes a nascent shift
towards experimentation at the precinct scale and responds to a need to further investigate relevant processes in urban
experimentation at this scale, and identifies particular challenges for urbanplanning.We tentatively conceptualise precincts
as spatially bounded urban environments loosely delineated by a particular combination of social or economic activity.
Our methodology involves an interpretive systematic literature review of urban experimentation and urban living labs at
precinct scale, along with an empirical illustration of the Net Zero Initiative at Monash University in Melbourne, Australia,
which is operationalising its main campus into a living lab focussed on precinct-scale decarbonisation.We identify four pro-
cessual categories relevant to precinct-scale experimentation: embedding, framing, governing, and learning. We use the
empirical illustration to discuss the relevance of these processes, refine findings from the literature review and conclude
with a discussion on the implications of our article for future scholarship on urban planning by experiment at precinct scale.
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1. Introduction

Reports of cities aiming to reach net zero targets
by 2050 or before are increasingly heard in global
climate discourse. According to the United Nations
Framework Convention on Climate Change’s (2020) Race
to Zero, in 2020 more than 450 cities have commit-
ted to net zero targets. Arguably, such ambitions will
require major transformations in urban infrastructures,
institutions, and behaviours that move well beyond
business-as-usual. Planning tools such as scenarios,
land use controls, regulatory standards, and design
overlays are very useful but less effective in situa-
tions of high complexity, deep uncertainty, and ambi-
guity about the future, as they rely on assumptions

and conditions to be reliably known and predictable.
Radical sustainability ambitions such as net zero cities
have never been realised, which suggest the need
for different approaches that are more explorative,
adaptive, learning-based, and evolutionary in nature.
Experimentation is a key approach that cities globally
have embraced to navigate such complex and ambigu-
ous contexts, yet it remains often at the fringes of
mainstream urban planning scholarship and practice
(Honey-Rosés, 2019; Nyseth, Ringholm, & Agger, 2019).
The net result is that mainstream urban planning still
largely operates within a ‘predict and provide’ paradigm
that is incapable of overcoming deep unsustainability.

Experimentation has been a focal point of tran-
sition studies scholarship in relation to grassroots
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innovations (Seyfang & Smith, 2007), reflexive gover-
nance (Kemp & Loorbach, 2006), path-breaking inno-
vation (Smith & Raven, 2012), and sustainable devel-
opment (van den Bosch, 2010). City governments and
other urban actors have increasingly started to inte-
grate experimental approaches such as ‘urban experi-
ments’ or ‘urban living labs’ in their planning portfo-
lios. In academic writing, living labs have been explored
as multi-actor arenas for experimentation that utilise
processes of social learning and participant co-creation
for socio-technical innovation at the local scale (Liedtke,
Welfens, Rohn, & Nordmann, 2012; Puerari et al., 2018).
Urban living labs have been conceptualised as spatially
embedded arenas for experimentation where new prac-
tices and infrastructures are tested and operationalised
in diverse forms ranging from emerging, grassroots
initiatives to large-scale, planned, and corporate-led
projects across multiple cities (Bulkeley et al., 2016;
Evans, Karvonen, & Raven, 2016; Voytenko, McCormick,
Evans, & Schliwa, 2016). Some contributions use ‘tran-
sition management’ as a process-oriented approach to
mobilise and empower city stakeholders in reflexive
urban governance experiments (Nevens, Frantzeskaki,
Gorissen, & Loorbach, 2013). Others argue more gener-
ally that urban living labs enable participants to design,
test, and learn in real-world contexts (McLean, Bulkeley,
& Crang, 2016; von Wirth, Fuenfschilling, Frantzeskaki,
& Coenen, 2019). Scholarly work has also started to
report and reflect on the challenges and limitations of
such approaches from various perspectives (Evans &
Karvonen, 2014).

Ambitions for urban living labs are beginning to
appear at a precinct scale (or related scales such
as district or neighbourhood; Marvin, Bulkeley, Mai,
McCormick, & Palgan, 2018). We tentatively conceptu-
alise precincts as spatially bounded urban environments
loosely delineated by a particular (combination of) social
or economic activity, such as a university precinct, a retail
precinct, a technology precinct, or a residential precinct,
but also mixed precincts that combine business, residen-
tial, entertainment, and dining functions, for instance.
From an urban planning perspective, the precinct scale
represents a functional scale at which the planning and
construction of infrastructure is routinely organised. For
instance, a residential precinct requires different kinds
of transport, energy, and building infrastructures than a
technology precinct.

In the context of net zero transitions, we observe
nascent interest from urban actors to move beyond the
scale of individual buildings or sectorally-bounded infras-
tructures to articulate precinct-scale ambitions for net
zero futures.

Our proposition here is that experimentation at the
precinct scale indeed offers an appropriate scale for
urban planning experimentation, but this requires key
processes to operate beyond one-off initiatives and
projects through ‘aggregation activities’ that build over
time (Geels & Raven, 2006). In a similar vein, emerg-

ing debates on ‘portfolios of experiments’ (Torrens &
von Wirth, 2020) point towards the need to explore
the enabling conditions and processes across multi-
ple experiments and domains and across time-frames
that go beyond those of single, ‘projectified’ experi-
ments. While relatively much is known about the con-
ditions and processes within experimentation, taking a
longer-term, multi-initiative, and multi-domain perspec-
tive increases complexities and ambiguities in the gov-
ernance of experimentation. As such, we believe that
urban planning by experiment at the precinct scale has
the potential to deliver integrative urban transforma-
tion, yet acknowledge that the processes and challenges
related to precinct scale urban experimentation remain
under-researched and under-articulated.

The aim of this article is to identify what are likely
to be relevant conditions and processes in urban exper-
imentation at the precinct scale, identify the particular
challenges at this scale for urban planning, as well as sug-
gest important knowledge gaps that can inform a future
planning research and practice agenda. This article
responds to the following research question: What are
the relevant processes, challenges, and future research
implications for precinct-scale urban experimentation?

This article is structured as follows. In Section 2 we
describe our methodology and provide an overview of
the empirical illustration of the Net Zero Initiative (NZI),
at Monash University in Melbourne, Australia, which is
decarbonising its domestic campuses and operational-
ising its main campus into a precinct-scale living lab.
In Section 3 we present the results of our literature
review of urban living labs through a precinct-scale lens
by analysing key processes of experimentation: embed-
ding, framing, governing, and learning.Weuse the empir-
ical illustration to discuss the relevance and refine find-
ings from the literature review. In Section 4 we discuss
the implications of our article for future scholarship
on urban planning by experiment at precinct scale and
present a short conclusion.

2. Methodology

We explored urban experimentation and urban living
labs at precinct scale following an interpretive systematic
literature review. The academic literature was extracted
following a thorough, scientifically robust, and trans-
parent methodology. A qualitative-style, interpretative
approach was utilised due to the broad applicability of
the subject area, with iterative refinement needed, as
interrelated concepts were uncovered in the literature.
Our analysis suggests the types of challenges that may
occur at this scale for urban planning by experiment.
Our analytical scheme is tentative and intended to gen-
erate future propositions and empirical verification, as
the practice and research on the deliberate planning,
design, and enactment of precinct-scale experimenta-
tion is still early-stage. Hence, we acknowledge that
the results of our literature review are predominantly
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based on research on urban experimentation that did
not explicitly take a precinct-scale perspective. Our sys-
tematic review is therefore developedwith a perspective
to not only generate a state-of-the-art understanding of
potentially relevant processes for precinct-scale experi-
mentation, but also informa future research and practice
agenda deliberately concernedwith precinct-scale exper-
imentation. We return to this in the discussion section.

First, we performed a search for articles in Scopus,
one of the major bibliometric abstract and citation
databases of peer-reviewed academic publications.
We selected Scopus due to its larger journal coverage
despite its bias towards Natural Sciences over Social
Sciences (Mongeon & Paul-Hus, 2016). A language spec-
ification was applied, with all articles being included in
the review process being written in English. No restric-
tion was applied to date of publication. Key words were
selected to capture various permutations of living lab
experimentation at the appropriate scale: (“living lab”
OR “living laboratory” OR experiment OR experimenta-
tion) AND (transition OR transformation OR planning)
AND (socio-technical OR sustainability) AND (urban OR
precinct OR district OR neighbourhood OR neighbor-
hood). The search terms were chosen based on our
framing of the study on urban planning by experiment at
precinct scale. We limited our search string primarily to
cover the sustainability transitions and urban studies lit-
eratures where research on urban experimentation has
been most thriving. The key words needed to appear in
titles or keywords or abstracts. This search string yielded
325 articles.

Next, we extracted basic data from the Scopus search
including title, author/s, abstract, year published, jour-
nal, and tags. This data was exported as a RIS file and
imported into Covidence, the systematic review man-
agement platform. The abstracts were then screened
for relevance in Covidence based on explicit reference
to real-world experimentation or urban living labs at
the precinct, district, test-bed, or neighbourhood scale.
We excluded articles that made no reference to experi-
mentation or living labs, or did not appear to have any
explicit implications for urban planning given that our
study is explicitly focused on urban planning by experi-
ment. After abstract screening, we were left with 90 arti-
cles on the subject of urban living labs that matched our
inclusion criteria. Using our own assessment, we iden-
tified additional prominent articles about experimenta-
tion and urban living labs, which were not found by the
protocol-driven search of the Scopus database. All arti-
cles were read in full and we used a manual concept-
driven coding approach to extract data that appeared
in the included articles. 19 articles did not contain rele-
vant or significant findings or meet the inclusion criteria
on full reading and these do not appear in the results
section. We coded for themes related to processes of
experimentation at precinct scale and urban experimen-
tation more broadly. During coding, and based on our
own understanding of intellectual roots and develop-

ments in this literature, we identified prominent themes
to describe key processes of experimentation.

Through an iterative process of reading, prelimi-
nary categorisation, testing tentative categories with our
own observations in our empirical illustration, and fur-
ther analytical refinements, we attempted to achieve
methodological rigour and robustness as best as possi-
ble, taking into consideration the emergent and explo-
rative nature of the research question and empirical phe-
nomenon (Grodal, Anteby, & Holm, 2020). Through our
literature review of urban living labs in geographically
distinct areas like ‘precincts’ (Wiktorowicz et al., 2018),
‘districts’ (Martin et al., 2019), ‘test-beds’ (Levenda,
2018), or ‘neighbourhoods’ (Audet, Segers, & Manon,
2019), we identified four processual categories relevant
to precinct-scale experimentation: embedding, framing,
governing, and learning (see for similar approaches to
categorisation, for instance, Bulkeley et al., 2016; Geels
& Raven, 2006; Kemp, Schot, & Hoogma, 1998; Kiss et al.,
2020). We specifically searched for data related to chal-
lenges for experimentation at precinct scale. We use
these conceptual categories to explore how experimen-
tation unfolds at the precinct scale.

In addition to the literature review we have used
Monash University’s NZI as an empirical illustration to
refine our conceptual and literature-driven analytical
procedures. For the illustration, we relied on selec-
tive policy documents and grey literature, and ongoing
involvement in operationalising the urban living lab in
question. This is not a conventional case study as its pur-
pose is to illustrate some of the conceptual findings from
the review, but not to test them. The illustration is not
based on systematically collecting and reviewing all rele-
vantmaterials, but on a selective engagement and partic-
ipationwith the initiative. Hence, this article’s results are,
from a methodological perspective, only resting on the
interpretive systematic literature review. We introduce
the empirical illustration below.

2.1. NZI Empirical Illustration

Monash University is the largest in Australia and a sig-
nificant consumer of energy, with more than 70,000 stu-
dent enrolments and over 150 buildings spread across
its domestic campuses. The NZI is a $135M program
that is transforming Monash University’s four Australian
campuses to become net zero in terms of carbon emis-
sions by 2030, in line with the Paris Agreement targets.
Monash University is using its campuses as a living lab
with a primary focus on its main campus in Clayton
(Metropolitan Melbourne), to research, develop, and
implement the NZI through a range of socio-technical
innovations, with a view of both learning-how-to-do
organisational decarbonisation and with an ambition to
shape best practice in the transition towards net zero
emissions locally and internationally.

The NZI program includes a range of measures
including energy efficiency upgrades such as LEDs,
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high-performing building facades, and more efficient
appliances. Campus electrification is occurring through
replacement of gas boilers with electric heat pumps and
building thermal precincts to more efficiently provide
heating and cooling. Thousands of solar panels have
been installed and a renewable energy power purchase
agreement has been signed to buy rights to electric-
ity and large-scale renewable energy certificates gener-
ated by a local wind farm (Monash University, 2018).
An on-site 100% renewable electricity microgrid, includ-
ing 1MWhof battery storage, has been commissioned as
a real-world demonstration of a transactive energy mar-
ket solution (Khorasany, Azuatalam,Glasgow, Liebman,&
Razzaghi, 2020).

The NZI is envisioned to be replicated in other uni-
versities and organisations within and beyond the local
precinct level. The NZI provides the opportunity to
research how new technologies, governance arrange-
ments, policies, business models, and behavioural inter-
ventions can be translated and scaled to accelerate
urban decarbonisation efforts through socio-technical
innovations deployed on site. We use the tentative
results from the literature review to reflect on, and
explore their relevance for understanding how, key pro-
cesses of experimentation are being carried out as
the NZI moves from its foundational activities focussed
on capital investment in renewable infrastructure to
broaden its focus and incorporate research activities
through the establishment of a precinct-scale living lab
situated in the broader ‘Monash Technology Precinct’
(MTP). In the next section we refer to the NZI in four text
boxes through our lens of precinct-scale processes.

3. Results: Urban Living Labs at Precinct
Scale—An Overview

Urban living labs have emerged as sites of experi-
mental governance across a range of themes includ-
ing the built environment, smart technologies, energy,
and transportation systems. There is no agreed defi-
nition of experimentation in the literature, reflecting
the diversity of conceptual frameworks and epistemo-
logical traditions. Transition scholars have conceptu-
alised certain geographically bounded urban living labs
as ‘enclaves’ to describe how experimentation takes
place in niches that take advantage of spatial segre-
gation to foster innovation under protected conditions
(McCormick & Hartmann, 2017). Design studies scholars
frame experimentation through its capacity to democra-
tise innovation using participatory approaches that fore-
ground open-ended processes that invite wide collab-
oration with a multiplicity of stakeholders (Hillgren,
Seravalli, & Emilson, 2011). For some in city planning,
‘trial-and-error urbanism’ can lead to better planning
outcomes (Dotson, 2016), while others acknowledge
the creative logic of experimentation is at odds with
the ethos of the public planning profession which pri-
oritises the need to maintain “order, control and sta-

bility in urban development” (Berglund-Snodgrass &
Mukhtar-Landgren, 2020, p. 103).

3.1. Embedding

Urban living labs are fundamentally characterised as
embedded sites for exploring complex urban challenges
and possible solutions where discrete sets of actors
are empowered to address specific challenges at a
more “manageable scale” (Voytenko et al., 2016, p. 47).
The process of embedding is key to understanding exper-
imentation in urban living labs and other transition are-
nas that are typically situated within a geographical
area and tied to a particular local context that pro-
vides for a certain symbolic meaning or “sense of place”
(van Steenbergen & Frantzeskaki, 2018). According to
von Wirth et al. (2019, p. 232), embedding involves
the adoption of the “design, approach or outcomes” of
experimentation into local structures or communities of
practice. We define the process of embedding as anchor-
ing urban experimentation in formal and informal institu-
tions within a particular locale, with a view to potentially
transform them to achieve intended sustainability out-
comes (see Box 1 for empirical illustration). Institutions
can refer to both place-specific (e.g., precinct develop-
ment schemes) as well as sectoral institutions (such as
energy or transport policies).

Examples of embedding from the literature include
the Resilience Lab in Carnisse (Rotterdam), a four-year
place-making experiment that was embedded in dis-
courses of ‘urban deprived neighbourhoods,’ through
which new place-meanings were developed related to
community empowerment via a deep understanding of
neighbourhood dynamics to build trust-based relation-
ships (Frantzeskaki, van Steenbergen, & Stedman, 2018).
Manor House PACT, a three-year community-led project
in London was embedded within a ‘protected space’
through partner organisation support which enabled the
community to address local urban sustainability chal-
lenges through connections to food, green spaces, health,
and employment within the context of seeking to build a
‘green economy’ (Astbury & Bulkeley, 2018). Living Lab,
The Neighborhood (Malmö), a transdisciplinary research
lab initiated by researchers to empower migrant commu-
nities, was embedded in institutional contexts of foster-
ing design for social innovation and the City of Malmö’s
ambition to become a ‘knowledge city’ and ‘regional
growth engine’ (Cho, 2018). Challenges that we observe
in the literature regarding embedding relate to the often
short-term nature of urban living labs, enabled through
project-based funding, which sits in contrast with the
time needed for breaking into structural conditions
underpinning conventional approaches to urban plan-
ning (Berglund-Snodgrass & Mukhtar-Landgren, 2020).

The literature on urban experimentation reveals
that embedding takes place through temporary align-
ment with existing organisational settings and structures
(Raven et al., 2019). Embedding can be strengthened
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Box 1. Embedding the NZI.

The NZI is situated in Clayton, 20km south-east of Melbourne’s central business district (CBD) and embedded within
a number of education, health, research, and innovation agglomerations at a state and local level. The region sur-
rounding Monash University is referred to as the Monash National Employment and Innovation Cluster (MNEIC), in
the suburbs of Clayton and Huntingdale which supports approximately 75,000 jobs and contributes over $9.4 bil-
lion to the Victorian economy each year (Victorian Planning Authority, 2017). At a local level, the MTP forms the
core of the MNEIC cluster and has been identified as a Specialised Activity Centre and designated as a Technology
Precinct in Metropolitan Melbourne (City of Monash, 2008). The MTP encompasses major institutions like Monash
University, MonashMedical Centre and Children’s Hospital, the future Victorian Heart Hospital, CSIRO, the Australian
Synchrotron, and is home to various global business offices. The NZI is thus embedded within organisational visions
and strategies of the university as well as in the MNEIC cluster planning framework as Victoria’s leading non-CBD
employment hub, and in theMTP under the state-based PlanMelbourne andMonash Planning Scheme, which zones
land use under the MTP (Department of Environment, Land, Water and Planning, 2020).

We observe processes of anchoring in the NZI empirical illustration through interactions between actors that include
Monash University, the Victorian Government, local councils, other research institutions, and major businesses that
form part of theMTP.We interpret the NZI empirical illustration as a ‘hybrid forum’ or place where a variety of organi-
sational actors can collaborate and undertake translation activities “that contribute to the durability of anchoring” the
precinct living lab into existing and newly established or transformed institutional arrangements (Elzen et al., 2012,
p. 15; Raven et al., 2019). By operationalising its main campus as a living lab within theMTP, the university is using the
NZI to create an environment that enables “industry partnerships, research collaborations, and the development of
technology prototypes” (Monash University, 2018). This focus on industry collaboration and technology development
creates an opportunity for the NZI living lab to anchor net zero transformation within broader institutional settings
and planning schemes related to employment, economic growth, innovation, place-making, and social development.

however through long-term processes of ‘anchoring’
when policy entrepreneurs and other institutional
change agents create new links and rules between
novel socio-technical innovations and existing institu-
tions, in boundary-crossing forums between emerging
niche contexts and an incumbent regime context (Elzen,
van Mierlo, & Leeuwis, 2012; Mintrom & Luetjens, 2017;
Smith & Raven, 2012).

3.2. Framing

From transition studies we know that framing is an
important process of experimentation that uses problem
structuring, visioning, articulating expectations, story-
telling, and narrating as strategic devices to orient
and steer actors towards a desirable change trajectory
(Loorbach, 2010; Nevens et al., 2013). According to tran-
sition scholars, narratives of change can have material
consequences by working to reframe the action space
of urban transformation and create opportunities to
challenge dominant framings and institutions (Longhurst
et al., 2016). Narratives of place can mobilise action
and engender new opportunity contexts, social relations,
and webs of meanings between actors undertaking local
experiments (Frantzeskaki et al., 2018). We define fram-
ing as processes that situate the precinct-scale exper-
iment in particular ways, by using stories and visions
to foreground certain problems and propose specific
actors, solutions, logics, or governance approaches in an
attempt to influence the scope or direction of transfor-
mative pathways (see Box 2 for empirical illustration).

From the literature we observe that visioning was
used in spatial planning projects like the urban living
lab in the university town of Stellenbosch in South
Africa. Stakeholders from the university andmunicipality
including researchers, citizens, students, and profession-
als were enrolled in a participatory process culminating
in the development of a draft spatial development frame-
work around the vision of Stellenbosch as a “compact,
inclusive and sustainable town” (Davies & Swilling, 2018,
p. 101). To contextualise transition experiments aimed at
fighting climate change at the local level, a not-for-profit
in Montréal worked with citizens to co-create desirable
visions of the future to support community greening and
the revitalisation of laneways within a neighbourhood
setting (Audet et al., 2019). Challenges that we observe
in the literature regarding framing include that top-down
processes can bracket out collective visioning and demo-
cratic engagement as Levenda (2018) observes in rela-
tion to the Pecan Street smart grid test-bed in Austin,
which worked with early adopters to implement a ‘tech-
nological fix’ that reduced the agency of participants to
consumers and foreclosed possibilities for energy sys-
tem change.

3.3. Governing

Experimentation is constituted by enabling transfor-
mative modes of urban governing, which refers to
collaborative partnerships, mobilising resources, and
orchestrating new institutional arrangements between
diverse actors in the municipal, private sector, NGO,
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Box 2. Framing the NZI.

We observe three distinct visions related to framing the NZI: 1) net zero leadership; 2) innovation through part-
nerships; and 3) economic growth and job creation. Monash University was the first in Australia to commit to an
energy reduction target and put forward an ambitious vision of “leading the way to a 100% renewable energy future”
(Monash University, 2018). Monash is one of two Victorian universities in the Group of Eight (Go8), an elite network
of the highest ranked research universities in Australia. As Australia’s largest university and Go8member,Monash has
pursued a frontrunner position by showcasing its sustainability and market leadership in driving net zero transforma-
tion through commitments to decarbonising its four Australian campuses (ClimateWorks Australia, 2017). The ‘net
zero leadership’ framing is significant because it emulates trailblazers like Stanford University (2019) which has trans-
formed its campus into a living lab for sustainability and places Monash ahead of other Go8 competitor universities
with similar plans to achieve carbon or energy neutrality. This leadership positioning also aligns with science-based
targets and global policy commitments agreed to in the Paris Agreement to pursue a path towards reaching net
zero CO2 emissions by the middle of this century to limit warming to 1.5°C (Intergovernmental Panel on Climate
Change, 2018).

Monash University has developed a related “innovation through partnerships” vision for the MTP which capitalises
on its sustainability credentials but foregrounds “connection,” “deep partnerships” and “breaking down boundaries”
as key goals (Sloan, 2018). This framing speaks to a desire to strengthen collaboration with major health, research,
and innovation institutions in the precinct. The precinct itself is situatedwithin the broader National Employment and
Innovation Cluster, which planners have attempted to position as Melbourne’s second CBD. The Victorian Planning
Authority, a State Government statutory authority that reports to the Minister for Planning, has developed its own
distinct vision for the MNEIC centred on economic growth and job creation through “place-making, transformative
transport projects and urban renewal investment” to establish the cluster as a destination with “the highest job den-
sity outside of a capital city CBD in Australia” (Victorian Planning Authority, 2017, p. 4). This economic growth and job
creation vision is a direct response to Melbourne’s growing population which is projected to reach 10 million people
by 2050. These three distinct but related framings point towards a challenge in balancing the desire for a clear and
shared framing about the future to guide planning, directionality, investments, and action, versus keeping multiple
pathways open in light of navigating complex governance realities and future uncertainties.

and community sectors (Bulkeley & Castán Broto, 2013;
see Box 3 for empirical illustration). As mentioned, liv-
ing labs are context dependent and embedded within
specific institutional configurations, actor networks, and
local governance structures (Raven et al., 2019). While
experimentation offers potential for more participatory
approaches to governing, it also runs the risk of main-

taining the status quo depending on the purpose, which
actors get to play a role, and whether intended goals are
achieved (Hildén, Jordan, & Huitema, 2017).

From the literature, we observe governing pro-
cesses at play in the U-lab Bologna which saw the
University and Municipality work together with stu-
dents, the local community, and disadvantaged people

Box 3. Governing the NZI.

Governing of the NZI includes the development of a strategic roadmap as part of its ‘Net Zero Emissions Strategy,’
informed by initial analysis of net zero emissions pathways and long-term projection of baseline emissions.
The roadmap recommends operational actions to achieve the net zero target including passive house standards for
new buildings, and procurement criteria to encourage emerging technology pilots (ClimateWorks Australia, 2017).
We observe characteristics of polycentric governance in the establishment of the NZI living lab whose steering group
is comprised of academic and professional staff across research institutes, faculties, facilities management, and enter-
prise functions of the university. Polycentric governance can refer to decision-making across various levels whether
spatial, modal, or domains of action (Jordan et al., 2015). Governance of the NZI living lab is coordinated by an inter-
disciplinary team of university staff at different levels across research, education, and operations. One challenge we
observe is how to involve other actors in governing experimentation beyond the living lab at the broader scale of
the MTP. The current governance of the NZI as a living lab for net zero precinct experimentation remains primarily an
effort of a number of committed individuals within the university.We observe a need for intermediary actors with the
potential to enable a broader shift towards a more distributed, long-term, and portfolio-focused approach to experi-
mentation within the precinct. This could be pursued by establishing new institutional arrangements, and mobilising
existing university-industry-policy relations, such asworking collaboratively with the Victorian Planning Authority and
City of Monash to harmonise net zero targets across the entire precinct via the Monash Planning Scheme.
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in co-design experiments for urban management in the
care of public spaces. These actors were also enrolled
in co-planning activities by helping to define the action
plan for the broader district agenda with a view to
ensuring greater accessibility of cultural heritage and
public spaces (Gianfrate, Djalali, Turillazzi, Boulanger, &
Massari, 2020). Intermediaries can also play a significant
role in urban experimentation and refer to NGOs, govern-
ment or semi-government agencies that connect actors
at different scales. Gustafsson and Mignon (2020) have
shown how municipalities in Sweden used intermedia-
tion to translate international or national climate visions
into local action through performing local experiments,
task delegation, and creating coalitions in the context of
local energy infrastructure.

Challenges that we observe in the literature regard-
ing governing include the reproduction of existing struc-
tural inequalities through exclusion of community actors
in experimentation whose lives are affected by the out-
comes of smart city infrastructure upgrades (Evans &
Karvonen, 2014). Similarly, direct community engage-
ment is sometimes lacking or pushed to the margins of
smart-sustainable urban development where the impe-
tus for change comes from municipal actors rather
than pressure from civil society (Martin et al., 2019).
State-led urban living labs have used top-down gover-
nance processes to undertake ‘strategic experimenta-
tion’ in line with national priorities. Smart Nansha, a
smart city trial located in the Guangzhou Municipality
of southern China, centred its governance around an
“Industrial-Academic-Research Alliance” with regulators
in the municipal or provisional government holding
administrative power over membership and funding
(Mai, 2018).

3.4. Learning

Learning is another key process of experimentation that
actors in urban living labs and other arenas rely on
to reveal a “variety of options” and to reframe “prob-

lems and solutions” via interaction between stakehold-
ers (Loorbach, 2010, p. 168). Urban living labs are social
learning environments that require ongoing monitor-
ing to understand the impacts of experimentation and
evaluation of the results of activities in order to make
adjustments based on iterative feedback (see Box 4 for
empirical illustration). Social learning strives for change
beyond the individual via interactions between actors
through “communities of practice” (Reed et al., 2010,
p. 4). As boundary objects, urban living labs can also facil-
itate reflexive learning by drawing on “constructive ambi-
guity” and “interpretive flexibility” to allow for open-
ness to failure and knowledge co-creation (von Wirth,
Frantzeskaki, & Loorbach, 2020).

From the literature, we observe how the Livewell
Yarra living lab, a low-carbon community trial in
Melbourne, used social learning to empower residents
to take actions to reduce carbon emissions at a per-
sonal, household, and community level through small
group discussion, peer-support, and goal setting (Sharp
& Salter, 2017). Concept House Village Lab, a test-bed for
sustainable building technologies in Rotterdam, reveals
how situated learning can emerge through the participa-
tion of students and researchers in real-world contexts
and how experimentation can become institutionalised
by integrating lab-based courses into university curric-
ula (von Wirth et al., 2019). Double-loop learning played
a significant role in the eco-district of Western Harbour
in Malmö by enabling planning departments to become
“learning organisations” by acknowledging results, learn-
ing from mistakes, and reassessing strategies to adjust
the course of action (Fitzgerald & Lenhart, 2016, p. 376).

Challenges that we observe in the literature relate
to how learning and translation in urban living labs can
be more about contextualising transitions, such as the
case with the Resilience Lab Carnisse, where the impact
of experimentation related to “learning on what needs
to change, how it can be changed and what one’s own
role is in this change process,” rather than regime trans-
formation (Frantzeskaki et al., 2018, p. 1057). Bulkeley

Box 4. Learning the NZI.

The NZI living lab is using learning to both undertake and evaluate experiments that will take place through various
forms, including material interventions (e.g., on-site demonstrations), social or economic interventions (e.g., intro-
ducing probes and prototypes), or virtual interventions (e.g., through digital interactive design). The experiments will
be focused on the three areas that together make up the majority of carbon emissions in Australian cities: energy,
mobility, and buildings. Monitoring is critical for living labs and supports transition management processes by cre-
ating qualitative and quantitative measurements, communicating what has been learned through this to partners,
stakeholders, and other participants, and enabling researchers to adjust the process as needed (Palgan, McCormick,
& Evans, 2018). In terms of the NZI living lab, the objects for monitoring include: 1) the precinct itself—metrics of
decarbonisation, physical changes in the precinct, macro developments, and niche changes; 2) the actors involved in
the living lab—their experiences and activities; 3) the living lab experiments—for new knowledge and insights about
what works, when, and why (not); and 4) the overall transition process—its outputs, outcomes, and impacts, rate
of progress, and barriers (Luederitz et al., 2017). The NZI must contend with coordination and facilitation challenges
to enable learning and translation across multiple sectors (energy, mobility, and built environment) and long-term
time-frames given the initiative’s goal of university-wide decarbonisation by 2030.
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et al. (2019, p. 334) make a similar point in relation to
constrained experimentation where the focus tends to
be on social ormaterial reconfigurationwithin a building,
district, or project with less emphasis on “translating the
societal learning from such programmes into wider sus-
tainability transitions.”

4. Discussion: Challenges and Implications for
Future Research

In this section we discuss key challenges and related
implications of our analysis for future research on urban
planning by experiment at precinct scale. A first observa-
tion we make is that following from our analysis, there
is generally a need to better understand conceptually
and practically how urban planning by experiment at the
precinct scale is different from existing approaches to
urban experimentation. In this article, we have reviewed
the literature on urban experimentation to understand

the state-of-the-art, but acknowledged that this litera-
ture is likely to be at the beginning of what experimen-
tation at the precinct scale is. Hence, we deliberately
started our investigation by positioning our framework
of embedding, framing, governing, and learning in and
through experimentation at precinct scale as tentative.
To further articulate our framework, we draw inspiration
from debates in the literature regarding project-based
experimentation versus precinct-scale experimentation
that aggregates across multiple projects, domains, and
longer time-frames (Geels & Raven, 2006; Torrens &
von Wirth, 2020). Table 1 provides a proposition of
what sets precinct-scale experimentation aside from
the current, often one-off-project-approach to urban
experimentation. The main proposition that we propose
is that urban planning by experiment at the precinct
scale needs to consider experimentation as an ongo-
ing effort across multiple projects, domains, and longer
time-frames, implying that forms of embedding, framing,

Table 1. Processes of ‘project-based’ vs ‘precinct-scale’ urban planning by experiment.

Process category Project-based urban planning by experiment Precinct-scale urban planning by experiment

Embedding Refers to the processes and conditions that
enable a project to become spatially and
institutionally anchored in a particular place
and organisational setting, e.g., by aligning
the experiment temporarily with existing
structures and procedures.

Refers to a portfolio approach to experimentation
within a precinct, i.e., to the processes and conditions
that embed continuous experimentation over longer
time-frames in particularly territories and
organisational settings, e.g., through establishing a
dedicated place-based, intermediating actor/s that
coordinates experimentation across single projects,
domains, and time-frames.

Framing Entails the articulation of narratives, visions,
expectations, or discourses that enables the
formulation and legitimation of a specific
solution. Often narrowly referring to a
particular societal challenge but not
necessarily considering the experiment in
relation to other challenges and solutions.

Entails a multi-domain, multi-challenge, and
multi-solution articulation of narratives, visions,
expectations, or discourses which considers the
ambiguities, uncertainties, multiple pathways, futures,
and problem definitions that are part and parcel of the
precinct experience.

Governing Relates to bringing together a limited
number of heterogenous actors in a project,
providing a budget, developing a project
plan, and executing the plan with fairly clear
role division of actors involved.

Strategically focussed, yet complex and ambiguous,
requiring navigation of complex social and
organisational settings, with fluid boundaries of who is
involved (regularly changing actor constellations), and
acknowledging the limited controllability of precinct
planning processes (distributed and polycentric
governance), drawing on strategic budgets as well as
opportunistic resource opportunities as they emerge
through actors coming in and out of the processes.

Learning Multi-dimensional and reflexive, but
necessarily limited to specific issues,
predefined through project plans, and
limited budget availability. Learning is social
but focussed on those involved in the
project.

Strategically focussed, yet distributed and organic,
requiring substantial coordination and facilitation to
enable learning across multiple domains, initiatives,
and long-term time-frames. Learning is inward and
outward focussed, with a view to enable sharing
lessons within the precinct, as well as translating,
networking, and connecting them with initiatives and
scales elsewhere.
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governing, and learning will be more emergent, dis-
tributed, dynamic, and ambiguous in nature. Future
empirical and conceptual work could consider these fea-
tures in more detail.

Second, we observe that experimentation through
urban living labs still often takes place at the fringe of
mainstream urban planning practices, can be short-term
in nature (Sharp & Salter, 2017), funded through tempo-
rary budgets (Greer, von Wirth, & Loorbach, 2020), and
driven by progressive urban actors in otherwise conven-
tional planning regimes (Karvonen, Evans, & van Heur,
2014). With such incentives and in such contexts, urban
living labs are sometimes more interested in deliver-
ing short-term results and reconfiguring socio-material
practices rather than shifting regimes (Bulkeley et al.,
2019). Experimentation is indeed not a silver bullet to
replace all current practices, but what this does suggest
is that it requires a much better understanding of how
experimentation relates to other,moremainstream tech-
niques in urban planning, such as best-practice construc-
tion, urban modelling, or cost-benefit and risk analysis.
We argue therefore that urban planning regimes them-
selves must transform in order to empower the practice
of precinct-scale experimentation. For instance, if the
notion of complete decarbonisation, as implied in the
concept of ‘net zero’ is to become a reality, net zero think-
ing needs to becomeembedded in each and every aspect
of urban planning, whether that is in the institutional
frameworks driving urban planning, the risk investment
tools that financial institutions use for financing urban
infrastructures, or the strategic orientations of major
providers of urban technologies such as buildings, roads,
or energy systems. Despite that precincts are a common
scale in urban planning practice, their net zero transfor-
mation depends on changes in the broader governance,
decision-making, and power hierarchies across scales,
public policy portfolios, and industrial sectors. A key
question for a program of work on precinct-scale transi-
tions is under which (political, social, economic, or oth-
erwise) conditions precinct-scale change advocates are
actually able to have significant impact (Doren, Runhaar,
Raven, Giezen, & Driessen, 2020). Cycling in Amsterdam,
which was in decline in the 1970s, provides an exam-
ple of how niche actors used urban experimentation
through illegal bike lanes and pressure for greater com-
munity consultation to normalise mass cycling and radi-
cally transform the regulatory regime and physical space
in that city (Savini & Bertolini, 2019).

Third, the ability to integrate reflexivity, learning,
and failure in urban planning experimentation remains
a challenge, but is critical in processes of transforma-
tive innovation like the shift towards net zero emission
cities (Turnheim&Sovacool, 2020). City labs, for instance,
occupy a boundary position that enable diverse stake-
holders to trial urban planning by experiment with highly
uncertain outcomes where: “There is potential for fail-
ure, but on the other hand, there is the potential to
discover something highly innovative” (Scholl & Kemp,

2016, p. 95). Nevertheless, political acceptance of failure
remains difficult, and this might be even more challeng-
ing at precinct scale, as precincts might be perceived as
‘too big to fail,’ hence limiting the potential of learning
and transformation. We also note that failure is not a
black-and-white outcome of urban experimentation, but
subject to interpretative flexibility (Bijker, 1987). While
low-carbon city experiments might eventually not live
up to their stated ambitions, unfulfilled promises (also
known as failures) can yield important lessons to help
drive future planning improvements, as a recent analysis
of Masdar City makes clear (Griffiths & Sovacool, 2020).
A future research agenda could focus on understanding
and unpacking relationships between experimentation,
learning from failure, and political liability in a way that
enables transformation rather than stagnation.

Fourth, we observe that community engagement
is another important aspect of governing precinct-
scale experimentation and can support inclusion
through diverse participation (Wiktorowicz et al., 2018).
Maintaining a balance between top-down (Mai, 2018)
and bottom-up (Gianfrate et al., 2020) participation
remains difficult but important for enabling trans-
parency, inclusiveness, and direct communication
(den Hartog et al., 2018). Community engagement is
often undertaken in instrumental ways in urban plan-
ning, but the creation of meaningful spaces for delib-
eration and learning about needs, desires, limitations,
inequalities, etc. emerging from experimentation are
normatively important, too. Recent work on green infras-
tructure projects in Europe suggests that citizen partic-
ipation can shape shared commitment in early stages
but that power imbalances between local authorities
and community actors remains an ongoing challenge
(Willems, Molenveld, Voorberg, & Brinkman, 2020).
Design-led interventions using participatory methods
has the potential to democratise experimentation in
urban planning yet evidence of its capacity to shape
decision-making remains ambivalent (Nyseth et al.,
2019). Future research could investigate how to fur-
ther enrol community engagement in urban planning by
experiment to democratise precinct-scale governance
and help navigate the complex social realities at work
at this scale. We specifically point towards the potential
of exploring new cross-overs between urban experimen-
tation and disciplines such as design anthropology that
are concerned with understanding and creating tools for
“how processes of renewal and change are lived, experi-
enced and represented” (Pink, 2012, p. 2).

Finally, the multiplicity of frames, actor networks,
and institutions at the level of a precinct makes urban
experimentation challenging. The NZI empirical illustra-
tion reveals the complexity of embedding and framing
within a socio-spatial context constituted by a university
campus, technology precinct, and innovation cluster that
sit within a broader planning scheme. Appreciating the
multiplicity of urban infrastructures, schemes, framings,
initiatives, solutions, and future visions at precinct scale
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can shed light on whether experimental processes and
governance arrangements are fragmented and mutu-
ally hostile (competing), parallel and loosely-coupled
(co-existing), or symbiotic andmutually-reinforcing (com-
plementary; Hodson, Geels, & McMeekin, 2017). Even
within apparent singular socio-technical fields such as
‘net zero’ there is a high degree of diversity, uncertainty,
and ambiguity in appraising what ‘good looks like’ in
the future of the precinct. As warned elsewhere, cau-
tionmust be taken to assume upfront objective status for
the sustainability of particular experiments or solutions
(Raven et al., 2017). There is a need for more research
into how such necessary open-ended processes embrac-
ing multiplicity align with and challenge conventional
planning processes organised around prediction, stabil-
ity, and control.

5. Conclusion

This article identified four processual categories relevant
to precinct-scale experimentation: embedding, framing,
governing, and learning. We developed our discussion
of results through a systematic literature review and an
empirical illustration of the NZI, a living lab based at
a university campus that is part of a broader technol-
ogy precinct. We suggest a number of fruitful areas for
future research including portfolio focussed approaches
to urban planning by experiment, shifting of urban plan-
ning regimes, constraints on reflexive learning and fail-
ure, opportunities for greater community engagement,
and embracing multiplicity in precinct-scale experimen-
tation. We hope that this article contributes towards
future scholarship on processes and challenges of urban
planning by experiment and the role of precinct-scale
experimentation within the broader portfolio of urban
planning practices.
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