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ABBREVIATIONS

CCC: Climate City Contract

CMCC: Centro Euro-Mediterraneo sui Cambiamenti Climatici
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ICT: Information and Communication Technology

[0T: Internet of Things

NRRP / PNRR: National Recovery and Resilience Plan / Piano Nazionale di Ripresa e

Resilienza
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PEG: Piano Esecutivo di Gestione

PGT: Piano di Governo del Territorio

PNACC: Piano Nazionale di Adattamento ai Cambiamenti Climatici
PTOP: Programma Triennale dei Lavori Pubblici

SI-CU: Strumento Informativo Clima Urbano

UHI: Urban Heat Island

VAS: Valutazione Ambientale Strategica (Strategic Environmental Assessment)



ABSTRACT

This thesis investigates the implementation of the Smart Green City paradigm and the Twin
Transition, understood as the strategic integration of digital technologies and nature-based
solutions, in the city of Milan. As urban areas face increasing climate-related risks, including
the Urban Heat Island effect, policy agendas have increasingly promoted the convergence of
digital innovation and ecological planning to combat it. However, it remains unclear how
municipal bureaucracies and institutional arrangements shape the practical implementation of

this transition.

Drawing on Urban Assemblage Theory and a qualitative cross-document analysis, this study
examines the gap between Milan’s strategic climate ambitions and its operational reality. By
comparing official policy instruments, financial planning documents, and independent
monitoring reports, the research identifies the governance thresholds through which the urban
assemblage is shaped, sometimes stabilizing into more coordinated forms of implementation

and sometimes remaining fragmented across disconnected initiatives.

The findings show that, although Milan presents an integrated Smart Green City vision at the
strategic level, the implementation of the Twin Transition is constrained by rigid administrative
structures. Regulatory boundaries, weak authority for digital climate data, and separated budget
frameworks limit the cross-sectoral coordination required to connect ecological and digital
interventions in practice. The analysis further suggests that this fragmentation is reinforced by
mismatches between strategic climate plans, urban planning regulations, departmental

competences, and the different timescales of ecological planning and municipal budgeting.

Overall, the thesis shows that urban climate resilience depends not simply on combining digital
tools and ecological goals, but on whether municipal institutions can coordinate them through
shared authority, aligned instruments, and enforceable implementation mechanisms. In this
sense, the Milan case illustrates how fragmentation persists when climate ambition is not

matched by corresponding administrative integration.

Total number of words: 18.134
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INTRODUCTION

1.1 Overview of Urban Climate Challenges

In the European continent, land temperatures are rising due to climate change much faster than
the global average, having already reached approximately 2°C above pre-industrial levels
(Lenaerts, Tagliapietra, & Wolff, 2022). This issue is particularly evident in Southern Europe,
which has experienced an average warming of more than 0.4°C per decade since 1960. As a
result of these increasing temperatures, Europe is currently facing more frequent and intense
extreme weather phenomena, such as floods, droughts, and heatwaves, than it did during the
previous century (Lenaerts, Tagliapietra, & Wolff, 2022).

These phenomena are even more perceptible in metropolitan areas, which have emerged as the
primary frontline for climate action. Indeed, urbanization is sharply increasing through the
years, reaching critical density, as over 75% of the EU's population lives in urban areas today;
In addition, these urban centers are also responsible for about 70-80% of the EU’s Greenhouse
Gas (GHG) emissions (European Commission, 2024). Consequently, the urban population is
facing a double challenge: it is the main driver of climate change while simultaneously is the

primary victim of environmental impacts (Das et al., 2024).

The intrinsically vulnerability of the metropolitan areas is fundamentally tied to the “urban
amplification"” effect of climate hazards: the high proportion of non-porous surfaces accelerates
rainwater runoff, while the replacement of natural landscapes with heat-absorbing concrete and
asphalt generates an Urban Heat Island (UHI) effect that keeps cities significantly warmer than

surrounding rural areas (Das et al., 2024).

Historically, mitigation has been the primary focus of the European Union’s climate action
policies, with the aim of reducing greenhouse gas emissions, but the 2021 UN Climate Change
Conference demonstrated, with its projections, the unavoidable nature of future warming
(Lenaerts, Tagliapietra, & Wolff, 2022). Indeed, these projections reveal that even if the
European Union successfully achieves its ambitious goal of climate neutrality by 2050, global
average temperatures could still reach 2.4°C above pre-industrial levels by 2100 (Lenaerts,
Tagliapietra, & Wolff, 2022).

Consequently, because significant future climate impacts are already "locked in”, this research
highlights the importance of a significant redirection of efforts toward climate adaptation
strategies. Rather than just seeking to reduce future emissions, adaptation strategies prioritize

the management of actual and expected local risks to minimize urban vulnerability; They aim



to reorganize urban networks and transform rigid structures in response to environmental

shocks.

Despite the urgency and increment of these climate shifts, the urban adaptation strategies that
involve physical and structural adjustment of cities remain a slow-moving process, hindered by
many interconnected factors. So, to achieve the implementation of a climate resilient city is
necessary to adopt an integrated and holistic strategy supported by official policy framework.

1.2 Problem Statement: The Milan Case Study

In this scenario of increasing global warming, the metropolitan area of Milan, in Northern Italy,
is particularly vulnerable to the intensifying effects of climate change, as its high urban density,
congestion and its location exacerbate climate risks, making local adaption and mitigation
efforts a critical necessity for urban survival (Comune di Milano, 2022).

Indeed, Milan stands out as one of the most affected cities in Europe especially by the “urban
heat island” (UHI) effect, with ground temperatures reaching peaks of 48.37 °C in densely built-
up districts. This severity is worsened by its geographical location in the Po Valley, where the
Alps block natural air circulation, causing even more heat retention. This extreme heat retention
leads to serious consequences on the population, significantly increasing heat-attributable
mortality, particularly among the elderly population over 65 years old (Buffoli et al, 2024).
Across Europe, these social consequences of global warming are becoming increasingly
alarming as the heat-related mortality rate is sharply increasing by an average of 33% between
2003-12 and 2013-2022; Italy, in particular, shows one of the highest rates, due also to its large
elderly demographic, recording a peak of 18,010 fatalities in the summer of 2022 (Buffoli et al,
2024).

Looking ahead, this environmental crisis is projected to worsen. According to analyses from
the Copernicus Climate Data Store, the number of heatwave days in the city is expected to
increase significantly under future climate scenarios (2031-2060 and 2071-2100).
Furthermore, in the absence of robust climate policies, also average temperatures are projected
to rise drastically, with the most pronounced trend occurring during the summer season through

estimated increases of up to 6°C over a 100-year horizon (Mercogliano et al., 2021).

In response to this localized environmental crise and the risk of its intensifying in the next

decades, Milan implements several projects, both at regional and municipal level, to prevent



these projections from becoming reality. To avoid this scenario, the city is trying to put in action
a spectrum of sustainable models through the digital monitoring of climate indicators and the
physical transformation of the urban fabric.

Milan’s response is not an isolated effort but is deeply involved within a broader global and
European strategic framework. From the global perspective, the city is a prominent member of
the C40 Cities Climate Leadership Group, a global network of major cities committed to
halving greenhouse gas emissions by 2030 (C40 Cities, 2021); While within the European
framework, Italy, and Milan specifically, operates as a critical node in the EU transition toward
sustainability, trying to align local urban planning with supra-national climate goals. In this
context, the city has been selected as one of the 112 European cities participating in the EU
Mission for Climate-Neutral and Smart Cities (Horizon Europe Program 2021-2027), aiming
to reach climate neutrality by 2030 (European Commission, 2024). This international
commitment posits the city of Milan as a socio-technical laboratory for the implementation of
the “Twin Transition” model, a paradigm shift which integrates digital and ecological
innovation and suggests that these transitions are mutually reinforcing (European Commission,
2024).

1.2 Research Objectives and Questions

This “Twin Transition” concept, implemented within the Climate-Neutral and Smart Cities
project’s framework, represents one of the main pillars of this study. Indeed, this concept is
inserted in a developed scholarly debate because, traditionally, urban climate resilience and
adaption strategies have relied on two paradigms: the Smart City model (SC) and the Green
City model (GC) (Bonab et al., 2023).

On one hand, the Smart City paradigm is recognized as a powerful engine for resilience and
adaptivity, offering tools for digital efficiency, real-time monitoring, and data-driven
governance (Javidroozi et al., 2021, p.2). However, despite these potentialities, the model has
faced significant scholarly critique for its inherent technocratic bias, in fact, critics argue that a
purely "smart™ approach often prioritized as ends in themselves rather than being a tool for
ecological transition (Masoni, 2023, p.8). This focus creates a persistent tension where digital
innovation leads to higher resource depletion and electronic waste, transforming the Smart City
into an "ecological disguise" that sustains consumerist patterns through an "illusion of reduced

consumption” (Masoni, 2023, p.6).



On the other hand, the Green City model represents a fundamental shift toward sustainability
by prioritizing the integration of Nature-Based Solutions (NBS) into the urban fabric. These
solutions, such as green roofs, vertical forests, and permeable pavements, provide essential
ecosystem services like thermal insulation and stormwater management (Javidroozi et al.,
2021). Yet, while these green infrastructures are vital, they are often treated as a separate
ecological agenda, frequently lacking the “intelligence functions” and systemic integration
needed to adapt ecosystem services to an ever-changing urban context, risking to become a
“passive” asset (Bibri, 2020, p.11).

So, this research situates itself within the potential friction between these two paradigms. The
emerging Smart Green City (SGC) paradigm is often proposed as a conceptual bridge in the
scholarly debate, explicitly integrating the “Twin Transition” model; however, the scholarly
debate is divided on its real-world efficacy. While supporters define the SGC model as an
organic urban system that synchronizes data, resources, and policies (Bonab et al., 2023), critics
warn that institutional inertia and rigid administrative structures often represent a challenge to

the implementation of the “Twin Transition” model (Bibri, 2020).

Consequently, the core research gap this study addresses is the critical discrepancy between the
theoretical narratives presented in official policy documents and the operational reality of their
execution. The City of Milan provides a critical laboratory for this inquiry. To combat the
intensifying Urban Heat Island (UHI) effect described above, Milan has formally incorporated
the “Twin Transition” model into its strategic policies, as mentioned in the previous subchapter.
However, evaluating the success of this strategy requires looking beyond official targets to trace

how these ambitious plans actually unfold within the daily reality of urban governance.

To address the identified gap, the research investigates the transition across two specific
dimensions: the formal policy design and the practical governance dynamics that shape its
execution. By focusing on these two dimensions, the study aims to provide empirical evidence
on how the SGC assemblage is being produced, stabilized, and contested in Milan, addressing

the following questions:

e Research Question 1 (Policy Dimension): In what ways do Milan’s climate plans and
policies attempt to integrate digital technologies with green infrastructure to combat the

Urban Heat Island effect?



e Research Question 2 (Governance Dimension): How do institutional dynamics and
administrative structures in Milan shape the practical coordination of Smart Green City

initiatives, and which factors enable or hinder their implementation?

The political objective to establish cohesive local governance for climate adaptation aligns
Milan’s domestic policy with transnational frameworks, specifically with the United Nations’
Sustainable Development Goals. The research directly supports Goal 11 (SDG 11), which seeks
to make cities and human settlements inclusive, safe, resilient, and sustainable, as well as Goal
13 (SDG 13), due to its focus on climate action, as the research emphasizes the urgent need to

strengthen resilience and adaptive capacity to climate-related hazards.

Finally, to clarify the theoretical and methodological scope of this research, it is important to
explicitly outline its boundaries and limitations. Methodologically, this thesis is entirely based
on a document analysis approach and does not involve semi-structured interviews or
ethnographic observation. Consequently, the analytical scope is strictly focused on the
dimensions of policy and institutional governance. This means that the research deliberately
excludes other critical dimensions of the urban transition, such as informal power dynamics,
political negotiations, and broader economic or market forces. By acknowledging these
boundaries, the thesis provides the reader with clear expectations, focusing exclusively on how
the Twin Transition is structured, constrained, and implemented through visible administrative

and regulatory mechanisms.



2 CONTEXT AND BACKGROUND

This chapter provides a comprehensive overview of the urban models currently driving city
transformation, as the primary objective of this section is to present the background necessary
to understand the frameworks of the Smart City, the Green City, the Smart Green City with the
Twin Transition paradigm, and the specific context of Milan. It illustrates how these elements
address the complex challenges of rapid urbanization and the escalating climate crisis.

While this chapter focuses on the descriptive and operational background of these models,
deliberately presenting them uncritically as they are defined by current scholarship and policy
frameworks, it serves as a fundamental precursor to Chapter IIl — Literature Review.
Specifically, the progression of this chapter acts as a one-to-one factual baseline for the
scholarly debates that follow in the next chapter. Each descriptive framework presented here
corresponds directly to a critical evaluation in the subsequent literature review, which will
examine the tensions and limitations inherent in these paradigms to provide a more complex

evaluation of their practical implementation.
2.1 The Smart City Framework

The Smart City model emerged in the 21st century as one of the dominant urban development
paradigms, primarily responding to the complex challenges of rapid urbanization and climate
change (Sharifi & Salehi, 2022). Scholars define the Smart City as a “system of system”, a
multidimensional framework that integrates physical, digital and social infrastructures. This
model represents an evolutionary leap from earlier concepts like the digital, ubiquitous, and
intelligent city (Sharifi et al., 2023, p.2).

The structural "backbone" of this model is represented by the Information and Communication
Technology (ICT) that acts as a "nervous system" for the city. By providing a common
technological infrastructure, ICT enables real-time coordination among personnel, emergency
services, and residents (Almulhim, 2025), specifically overcoming fragmented decision-
making approaches. This urban intelligence is driven by a "technological trio"” (Sharifi & Salehi,
2022, p.29) that is composed of:

e The Internet of Things (IoT), which provides the sensing layer for data collection.

e The Big Data, which facilitates the storage and analysis of massive inter-departmental
datasets.

o The Atrtificial Intelligence (Al), which offers decision support and sophisticated data

mining.



The real transformative power of the Smart City lies in this capacity for cross-sectoral data
integration, that indicates the ability to synthesize information from different urban layers into
a single coherent system. In the scholarly literature, this theoretical synergy finds its most
prominent expression in the concept of the Digital Twin (DT). Conceptualized as a high-fidelity
virtual replica of the physical city, the DT is designed to integrate real-time sensor data with
meteorological forecasts to predict the impact of climate interventions, such as simulating how
a new urban park might reduce the Urban Heat Island (UHI) effect before its physical
construction (Hossain et al., 2026). Proponents present Digital Twins as the ultimate technical
”bridging” function, capable of overcoming fragmented monitoring and allowing diverse

stakeholders to visualize holistic solutions (Hossain et al., 2026).

The analytical power of these digital tools shifts the urban paradigm from reactive disaster
management to proactive climate resilience (Hossain et al., 2026, p. 9). This shift establishes a
model of “resilience through efficiency”, where real-time data is used to optimize the
management of critical resources and minimize fiscal waste. For example, by applying data
analytics to sectors like waste collection and energy consumption, cities can achieve operational
gains of 20-30%, directly safeguarding against resource depletion (Hossain et al., 2026).
Consequently, operational efficiency generates a more agile urban system. Technologies such
as smart grids and leak detection systems allow cities to preserve water and energy resources
and dynamically redirect them where they are most needed, thereby ensuring long-term

systemic security (Sharifi & Yamagata, 2022, p. 1349).

Furthermore, this technical infrastructure finds its social counterpart in the creation of digital
urban commons, a socio-technical dimension that redefines citizens as “co-producers” and “co-
monitors” of urban resources rather than passive consumers (Chien et al., 2022). Through
digital platforms and social media, grassroots communities are empowered to co-manage green

spaces and share localized environmental data, such as air quality levels.

Ultimately, proponents of this model recognize this integration of technical efficiency and
social participation as a critical instrument for achieving the United Nations’ Sustainable
Development Goals (SDGs). By bridging the gap between technological capability and urban
management, the smart paradigm is designed to directly support SDG 11 (Sustainable Cities)
and SDG 13 (Climate Action), positioning resource efficiency and data transparency as

essential pillars for global climate resilience (Sharifi et al., 2023).



2.2 The Green City Framework

Parallel to the emergence of the Smart City paradigm, the Green City model has consolidated
as a strategic framework to address the escalating urban climate crisis. Since the early 2000s,
this approach has evolved from the necessity to move beyond the traditional conception of
nature as a mere ornament, instead treating it as a functional tool capable of solving complex
interconnected urban problems that conventional strategies could no longer solve (Dushkova et
al., 2020).

The Green City is defined as an urban environment that actively pursues high environmental
quality through political and societal actions, aiming for carbon neutrality, ecological recovery,
and increased biodiversity (Javidroozi et al, 2021).

Central to this vision are Nature-Based Solutions (NBS) which are actions inspired, supported,
or copied from nature to address societal challenges while simultaneously providing human
well-being and biodiversity benefits (European Commission, 2015). Although, they were
initially theorized as "ecological networks" for landscape protection, these green infrastructures
have gained critical importance in contemporary climate-adaptive design. They are now
recognized for their ability to mitigate the impacts of climate change, particularly through their

capacity for climate regulation and environmental stabilization (Palma et al., 2024).

This adaptive capacity is mainly operationalized through the implementation of Green and Blue
Infrastructure (GBI), which constitutes a strategically planned network of natural and semi-
natural areas designed to deliver a broad spectrum of ecosystem services (Das et al, 2024,
p.984).

The Green and Blue Infrastructure (GBI) is composed of two interconnected components:

e Green Infrastructure (Gl): This includes terrestrial networks such as parks, urban forests,
allotments, community gardens, green roofs, green walls, and tree-lined streets. It also
includes engineered "soft" solutions like bioswales and permeable pavements (Das et al,
2024, p.984).

e Blue Infrastructure (BI): Refers to aquatic elements including rivers, wetlands, and
Sustainable Urban Drainage Systems (SUDS) that manage the city’s hydrological cycle
(Palma et al, 2024).



These assets mitigate the Urban Heat Island (UHI) effect through shading and evaporative
cooling, lowering building energy demands, while simultaneously storing rainwater to alleviate
strain on sewage systems. Furthermore, vegetated surfaces act as natural filters that improve air
quality by absorbing carbon and capturing particulates (Das et al, 2024; Javidroozi et al, 2021).
Beyond these technical functions, GBI fosters mental health recovery and social resilience by
providing spaces for recreation and social cohesion (Javidroozi et al, 2021, p.21).

These local benefits reflect a broader global trend, as the “Green City” model has gained
prominence through the recognition of Nature-Based Solutions as critical climate adaptation
tools; Indeed, they have been increasingly integrated into international frameworks, such as the
European Green Deal, the 2015 Paris Agreement, and the Sustainable Development Goals
(Palma et al., 2024, p. 12).

2.3 The Smart Green City Paradigm and the Twin Transition Framework

The “Smart Green City” (SGC) model is increasingly viewed in scholarly literature as a model
that can overcome the challenges of traditional urban planning by integrating data-driven
innovation with ecological preservation. This model structurally responds to the intrinsic
limitations of its predecessors, which will be analyzed in details in the next chapter. As noted
in the introduction, a purely "smart” model risks becoming technocentric, focusing on
efficiency while ignoring its rebound on the environmental level, whereas a purely "green”
model can be static and unable to respond to real-time shifts like climate change or rapid

urbanization.

Consequently, the SGC paradigm functions as a conceptual bridge, closing the epistemic gap
between technology-focused and environment-focused urban studies (Bonab et al., 2023). The
convergence of these two approaches in the SGC model is largely justified through the concept
of the "Twin Transition", which is based on the theory of mutual reinforcement. According to
this view, when digital and ecological transitions are integrated, the path toward a sustainable

and climate-neutral future is significantly accelerated (Artmann et al., 2017).

The Twin Transition concept is in fact based on two main theoretical pillars. The first positions
digital technology as a “green enabler”; it serves as the essential infrastructure required to
achieve high-level sustainability goals, since without digital intelligence, many green initiatives
risk remaining passive or localized (Muench et al., 2022). Conversely, the second pillar argues

that the green transition forces digital industry to address its own environmental costs, such as



the high energy consumption of data centers and the generation of e-waste. For instance, this
dynamic is evidenced by the development of "Green IT", Quantum computing, and bio-based
electronics designed to minimize ecological footprints (Muench et al., 2022; Antonietti et al.,
2026).

This integration is a cornerstone of the European Union’s 2050 strategy. Within this framework,
digitalization is positioned as a strategic tool to reach climate neutrality by enhancing efficiency
across energy, mobility, and resource management. However, the EU emphasizes that this
contribution is effective only when technological growth is consistently guided by
environmental objectives (Muench et al., 2022).

Ultimately, the SGC represents a systemic synergy operationalized through the direct
collaboration between digital tools and natural assets (Abdullah, 2024). This integration is
manifested mainly when digital intelligence “activates” natural assets across three main

dimensions, which are:

e Technological-Ecological Dimension: Smart technologies monitor the environment in
real time through loT sensors and Al. For instance, sensors embedded in green roofs
and urban forests monitor pollutants (PM2.5) and soil moisture, while Al-based thermal
analytics are used in conjunction with Vertical Greenery Systems (VGS) to dynamically
mitigate the Urban Heat Island (UHI) effect (Abdullah, 2024). In this dimension,
traditional blue-green (BG) infrastructures are upgraded to "smart-blue-green™ systems,
allowing bioswales and flood detection sensors to manage the urban hydrological cycle
more dynamically (Abdullah, 2024).

e Structural Resilience and Design Dimension: This integration ensures that physical
infrastructure can withstand climate-related stress through tools like Building
Information Modeling (BIM) and Digital Twins, which are used in the design phase to
simulate long-term climate consequences and avoid premature decay (Muench et al.,
2022).

e Human-Centric Interaction Dimension: Finally, this convergence extends to how
citizens interact with nature through digital platforms. Mobile applications allow
residents to provide bottom-up feedback on the quality of green spaces, directly
contributing to community developed data platforms for urban planning (Abdullah,
2024).

10



Overall, the Smart Green City and the Twin Transition are presented in the literature as
promising ways to connect digital innovation and ecological action in urban climate
governance. However, to understand how this model works in practice, it is necessary to move
from the general framework to a specific case. The following section therefore examines how
these ideas are translated into the climate governance structure of Milan.

2.4 Case Study Context: Milan’s Climate and Digital Instruments

Milan is actively implementing different strategies to move towards the "Smart Green City"
model, this objective is driven especially by the urgent need to address the escalating climate
challenges affecting Italy.

As previously noted, the city is a proactive member in the fight to climate change, both at global
level as proved by its participation in the C-40 Cities Climate Leadership Group, a global
network of major cities committed to halving greenhouse gas emissions by 2030 (C40 Cities,
2021) and in the European climate framework; Indeed it is a key participant in the EU's “100
Climate-Neutral and Smart Cities by 2030 initiative, a mission under the Horizon Europe
program. This initiative has two main objectives: first, to achieve at least 100 climate-neutral
and smart cities by 2030 and second, to transform these urban centers into “innovation hubs™
where experimental solutions can be tested and subsequently implemented across all European

cities by 2050 (European Commission, 2024).

Central to this initiative is the Climate City Contract (CCC), a strategic instrument tailored to
each participating city that serves as a comprehensive roadmap for local action, it represents a
political commitment rather than a legally binding pledge. This contract aims to achieve the
ultimate goal of climate neutrality by 2030, significantly surpassing Milan's previous -60%
target, by implementing an integrated strategy that simultaneously addresses air pollution

reduction, climate mitigation and adaptation (CCC City of Milan, 2024).

To ensure consistency across different levels of government, Milan’s Contract builds its
strategies upon existing frameworks, recognizing the importance of basing its action on already
structured plans to bolster and accelerate them. It is mainly structured around three primary

pillars that provide the strategic, regulatory and financial foundations for Milan’s transition:

e The Air and Climate Plan (PAC, 2022): Functioning as the CCC’s foundational policy

document, the PAC provides the essential strategic framework. Every target,
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monitoring cycle, and sectoral strategy within the CCC is designed to accelerate the
objectives previously established by the PAC, ensuring alignment between the two

instruments.

e Milan’s Masterplan (Piano di Governo del Territorio "Milano 2030"): The PGT
provides the necessary regulatory framework to translate climate ambitions into

binding urban planning rules.

e The National Recovery and Resilience Plan (NRRP/PNRR): This serves as the
primary financial instrument supporting the initiative. The NRRP is the fundamental
source of public funding for the specific actions outlined in the CCC, effectively

linking local implementation to national and European economic resources.

In addition, the Action Plan seeks to bridge the institutional and governance gaps that
frequently hinder a city's capacity to reach these targets. Indeed, it explicitly identifies
systemic barriers such as a lack of specialized administrative expertise regarding climate
neutrality, "siloed™ organizational structures within public administration and the inherent
difficulty of maintaining political consensus (CCC City of Milan, 2024). In response to these
challenges, the CCC proposes an experimental governance framework that utilizes a multi-
level approach to coordinate with other Italian cities, adopts a participatory model for citizens
and stakeholders, and sets the ambitious goal of integrating climate targets directly into the

city's financial budgets and management systems (CCC City of Milan, 2024).

Within the national governance structure, Italy’s National Climate Change Adaptation Plan
(PNACC, 2023) serves as the primary framework guiding Milan’s strategy. Functioning as a
”governance cascade”, the PNACC transposes the EU Adaptation Strategy 2021 into national
directives, establishing the structural conditions that municipal governments must ultimately
execute. Crucially, the PNACC’s national risk assessment justifies this governance alignment
by highlighting Milan’s specific climate vulnerabilities. The plan identifies the Po Valley and
its large metropolitan centers as the areas most exposed to amplified Urban Heat Island (UHI)
effects. This vulnerability is particularly acute in Milan, where vegetated surfaces account for
just 36% of the area, one of the lowest coverages among major Italian cities (PNACC, 2023).
Consequently, the PNACC provides the formal authority and the environmental imperative that

underpins Milan’s urgent need for climate resilience and adaptation.
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The strategic bridge between national directives and local regulation is provided by the Air and
Climate Plan (PAC, 2022), which serves as Milan’s primary environmental strategic plan.
Developed as a voluntary political commitment rather than a legal requirement, the PAC
establishes the city's cross-sectoral framework for achieving a 45% reduction in CO2 by 2030
and full carbon neutrality by 2050 (Comune di Milano, 2020). It is structured around five
strategic pillars designed to coordinate municipal action across all sectors, among them there is
the "Cool Milano” domain, which focuses specifically on climate adaptation by setting
ambitious 2030 targets to combat the Urban Heat Island effect. This domain includes initiatives
as decupling the surface area of green roofs and walls and halving the city's residual "grey"
public areas to contain the local temperature increase within +2°C by 2050 (Comune di Milano,
2020).

While the PAC is a strategic and voluntary document, it occupies a hierarchical position of the
city’s other planning tools (Comune di Milano, 2020). Indeed, it functions as the steering
framework that more formal instruments are required to incorporate. Because the PAC itself
does not directly locate physical interventions, it sets the environmental direction through data-

driven indicators and advanced monitoring systems.

This leads directly to the local regulatory landscape, where the Piano di Governo del Territorio
(PGT) acts as the definitive execution point of this policy chain. While the PAC establishes the
voluntary strategic vision, the PGT serves as Milan’s statutory municipal masterplan, the
primary legal mechanism that transforms those broad climate ambitions into binding, site-

specific spatial rules (Comune di Milano, 2018).

To enforce these standards at the building level, the PGT introduces specialized technical
instruments, most notably the Climate Impact Reduction Index (Indice di Riduzione Impatto
Climatico). This index mandates that every new urban intervention meets specific
environmental performance standards through a combination of permeable surfaces, green
roofs, and advanced drainage solutions (Comune di Milano, 2018). Furthermore, for the first
time, Milan’s planning framework incorporates the production of ecosystem services as an
official urban planning standard. This means that contributions to biodiversity, urban forestry,
and carbon sequestration are now recognized as legal obligations generated by new

developments.
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This transition from statutory rules to urban reality is also operationalized through other two
noteworthy initiatives, that together lead to the local implementation of the Smart Green City
model: The first one is the ClimaMi project, which provides the technical intelligence, while

the second one is the Forestami project, which delivers the ecological infrastructure.

Together they operationalize what the PAC's "Cooler Milan™ domain prescribes, urban heat
island reduction, ecological resilience, and data-driven monitoring, and they do so through the
explicit integration of green and digital tools that defines the Twin Transition approach
(Comune di Milano, 2018).

ClimaMi provides the "digital climate intelligence™ necessary for evidence-based planning, in
fact, by mapping local microclimates and thermal vulnerabilities, it transforms raw data into
actionable knowledge that dictates where and how to intervene (ClimaMi). In response to this
intelligence, Forestami acts as the city’s primary ecological vehicle, aiming to plant three
million trees to physically transform the urban landscape through large-scale nature-based
solutions (Progetto Forestami, 2024).

These projects are deeply integrated into the city’s policy hierarchy. They directly fulfill the
adaptation targets set by the PAC, while finding their legal and regulatory justification within
the PGT’s requirements for green infrastructure and ecosystem services (Comune di Milano,
2020; Comune di Milano, 2018). By connecting local implementation to the national strategy
of the PNACC and broader European frameworks, ClimaMi and Forestami demonstrate the

practical application of multilevel governance.
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3 LITERATURE REVIEW
3.1 The Smart City Paradigm: Digital Efficiency and the Technocratic Challenge

As detailed in the technical framework of this research (see Section 2.1), the primary
contribution of the Smart City paradigm to contemporary urbanism is its potential to overcome
“urban fragmentation”, the tendency for city departments to operate in disconnected “silos”

leading to inefficient management (Sharifi & Salehi, 2022).

In theory, the Smart City model presents an integrated approach where climate change
adaptation and mitigation are treated as a synchronized strategy rather than conflicting issues
(Sharifi & Salehi, 2022). Furthermore, it is designed to involve grassroots communities as co-
monitors, fostering social resilience and shifting governance away from top-down models
(Chien et al., 2022).

Despite this framework presents the integration of cross-sectoral data into a single coherent
system, the scholarly debate increasingly questions its effectiveness. A primary concern is
whether these efficiency-driven models can address the complexity of socio-ecological systems
without falling into “technocentrism”. This purely technocratic approach occurs when urban
strategies are driven by technological optimism, prioritizing short-term digital optimization and

corporate profit overlong-term sustainable urban resilience (Javidroozi et al, 2021).

Consequently, the literature identifies significant “dark sides”. A fundamental critique targets
its "technocentric epistemology” or “reductionism" (Masoni, 2023), a misconception that leads
policymakers to treat urban resilience as a purely technical challenge optimized through data.
This often ignores the structural root causes of climate vulnerability, such as social inequality
and historical disinvestment (Sharifi et al., 2023). This logic frequently results in the "silver
bullet fallacy", where policymakers favor highly visible, short-term technological deployments
over the difficult structural reforms required for true resilience and adaptability (Sharifi &
Salehi, 2022). Moreover, this approach is often driven by "high-tech urban entrepreneurialism”,
treating the Smart City as a market strategy to attract global capital rather than a mechanism to

build social capital and protect communal resources (Masoni, 2023).

Ironically, the technologies meant to save resources often impose heavy environmental costs.
A key concern is the rebound effect, which exposes a critical tension between technological
efficiency and ecological sustainability, while smart technologies are designed to optimize
resource use, they often trigger unintended consequences that can negate or even reverse

environmental gains (Sharifi et al., 2023, p.8). Scholars, in fact, frequently highlight the
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“illusion” of less consumption: while smart technologies optimize individual action, they tend
to increase the total volume of resources used (Masoni, 2023, p5). This cycle masks a growing
ecological footprint, potentially canceling out any initial environmental gains. This significant

rebound occurs through:

e Energy consumption of ICT: The production and operation of Information and
Communication Technology (ICT) is projected to account for 21% of global electricity
consumption by 2030 (Sharifi & Salehi, 2022, p.389).

e Carbon emissions from Data: Cloud computing, big data analytics, and the hardware
required for "smart™ operations (servers, sensors, and actuators) lead to significantly
higher energy demand and subsequent greenhouse gas emissions (Sharifi & Salehi,
2022, p.262). Unless data centers are powered by 100% renewable energy, these "smart"
tools directly contribute to the climate crisis they aim to solve.

In addition, the smart city paradigm relies on a vast physical infrastructure of sensors and

devices that have short lifecycles, leading to two major ecological rebounds:

1. Resource Depletion: Smart cities increase the demand for “critical raw materials” (such
as lithium, cobalt, and rare earth elements). These materials are often irreplaceable and
depend on environmentally destructive global supply chains (Sharifi & Salehi, 2022,
p.386).

2. Technological Waste: The rapid pace of technological development means that "smart"
sensors and hardware quickly become obsolete, generating a massive volume of
electronic waste (e-waste). This turns a technological "solution™ into a long-term waste

management burden (Masoni, 2023, p.4)

Beyond ecological concerns, the smart city model faces significant criticism for its potential to
deepen existing inequalities. While theoretically designed to create “digital urban commons”
where citizens act as empowered “co-producers” and “co-monitors” of resources, reality often
differs. Vulnerable populations, including the elderly or those living in informal settlements,
risk marginalization if they lack the digital literacy or the physical access to technology required
for "smart" services. Consequently, grassroots empowerment risks becoming an exclusive
privilege, deepening the digital divide (Chien et al., 2022, p.2). Furthermore, the pervasive use
of sensors raises severe concerns regarding cybersecurity and the erosion of civil liberties

through surveillance (Almulhim, 2025).
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Finally, a persistent structural barrier remains within urban governance itself. Smart
technologies are often managed by IT departments, while resilience strategies fall under
environmental or emergency divisions. This lack of coordination creates a new form of "digital
fragmentation”, where technological capability outpaces the policies intended to govern it,
resulting in a gap between data collection and effective urban management (Almulhim, 2025,

p.2).

In summary, scholarly literature presents the Smart City as a powerful yet contradictory
paradigm. While its capacity for real-time monitoring and operational efficiency offers
unprecedented tools for urban resilience and to solve technical fragmentation, it becomes a
barrier to true sustainability when implemented as a "black box™ that prioritizes market-driven
efficiency over social equity and ecological limits (Almulhim, 2025). The “silver bullet"
approach to digital integration often fails to address the socio-ecological complexities of a
warming planet, leading to a consensus among researchers that technological “smartness™ alone

is insufficient for holistic adaptation to a warming planet.

3.2 The Green City and Nature-Based Solutions (NBS): Between Ecological Resilience

and Operational Limits.

While the Green City framework establishes a robust theoretical foundation for climate
regulation (see Section 2.2), a significant scientific gap remains regarding the practical

transition from theoretical benefits to operational success.

A central critique, highlighted by different scholars, focuses on the isolation of NBS from the
broader urban management system; Indeed, critics argue that when treated as an isolated "silo™,
these natural interventions can become a "fixed" burden rather than a dynamic asset. This stems
from an intrinsic recognized vulnerability, the true capacity of an NBS to improve the
environment is often "highly vulnerable™ if the design fails to account for the dynamism of

nature and the shifting urban context (Strbac et al., 2023).

Indeed, without adaptive management, an urban design relying on fixed elements can suffer
from inverse effects. For example, selecting inappropriate species for a green belt can
inadvertently deepen heat impacts, increase fire risks or, as cities expand, soil sealing can
overwhelm bioswales with runoff, while droughts turn greenery into a maintenance burden. So,

without "intelligence functions”, such as real-time ecological sensing, NBS remains a rigid
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structural feature that may struggle to scale with shifting climate patterns and urban context
(Strbac et al., 2023).

Beyond design flaws, a recurring theme in the literature is the monitoring deficit of natural
assets, which led to operational failure. There is a significant lack of data regarding the real-
time performance of Nature-Based Solutions; without consistent oversight, these systems can’t
autonomously adjust to fluctuations in air quality, heat, or water volume, often leading to the
degradation or death of the biological components (Dushkova et al., 2020). Because long-term
oversight is rarely integrated into project framework, the effectiveness of these solutions often
remains theoretical; they function as static interventions that lack the inherent capacity to self-

correct when environmental conditions change.

Furthermore, the long-term viability of these projects is frequently threatened by economic
risks. While NBS are often marketed as cost-effective, their maintenance and development
plans are often the first to suffer from shrinking state budgets. This underfunding leads to the
gradual degradation of green sites, turning a resilience strategy into a neglected urban space
(Dushkova et al., 2020).

Finally, the transition toward a Green City introduces a significant social downside known as
"ecological gentrification™. In this scenario, high-profile greening projects can drive up property
values and attract higher-income residents, inadvertently leading to the social exclusion or
displacement of the original, often more vulnerable, inhabitants. This suggests that without an
integrated approach to social equity, the Green City model may inadvertently deepen the urban

inequalities (Dushkova et al., 2020).

In summary, while the Green City model represents a vital shift toward ecological resilience,
Nature-Based Solutions remain inherently fragile when implemented in isolation. Hindered by
a monitoring deficit, economic vulnerability, and rigid design, these natural assets risk
operational failure if they cannot adapt to real-time environmental shifts. This vulnerability
reveals a critical need for an integrated framework that combines biological benefits with the
responsive monitoring of digital systems, setting the stage for the emergence of the Smart Green
City (SGC) paradigm.
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3.3 The Emergence of the Smart Green City (SGC):

As established in the previous description of the city models (see Section 2.3), the Smart Green
City (SGC) and the Twin Transition are conceptualized as a systemic synergy where digital
innovation and ecological preservation mutually reinforce one another. In this idealized view,

technology acts as a "green enabler" to activate natural assets and ensure climate neutrality.

However, despite the positive rhetoric about this systemic synergy, critical literature
emphasizes that the effectiveness of the Twin Transition paradigm is not automatic. In fact,
scholars are increasingly engaged in a contested debate regarding why the integration of these
models fails to move beyond theoretical frameworks. Critical current doesn’t reject the
ambition of the SGC paradigm but insists that the implementation of the “Twin Transition”
without institutional transformation risks to become just a technological overlay on an

unreformed political system.

At the heart of this scholarly debate is the role of institutional inertia and structural difficulty of
reconciling digital and green objectives within traditional governance systems. This debate is

characterized by different perspectives that identify diverse primary barriers to implementation.

The first position in this debate is the techno-functionalist perspective, also shared by the Joint
Research Centre (JRC) of the European Commission. According to this view, the integration
between digital and green infrastructures is not only technically feasible but strategically
essential; however, its successful implementation is often hindered by “enabling gaps” rather
than insurmountable structural barriers (Muench et al., 2022). Within this framework,
institutional inertia is viewed as a secondary obstacle caused by a lack of technical expertise,
insufficient funding or fragmented data protocols that can be resolved through better

infrastructure and clearer policy requirements (Muench et al., 2022).

In contrast to the linear optimization proposed by the JRC, the experimentalist-pragmatic
perspective, led by scholars such as Maggetti (2026), argues that the Twin Transition fails not
because of a lack of resources, but because the two systems follow structurally incompatible
governance logics. This current shifts the focus from technical “gaps” to the inherent tensions
that arise when these different policy areas are combined. Indeed, combining different policy
areas usually faces obstacles in terms of coherence and consistency, especially when moving

away from a traditional “siloed” approach toward an integrated one (Maggetti, 2025).
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These difficulties arise because the transformation required by the Twin Transition represents
what scholars call a “superwicked” problem (Levin et al., 2012; Rittel and Webber, 1973), an
issue characterized by deep uncertainties, complex feedback loops, and conflicting interests

among actors that make linear, sequential solutions practically impossible (Maggetti, 2025).

This complexity is demonstrated, for instance, by the “pacing problem”, which exposes the
misalignment of time horizons at the core of the transition, because while digital technologies
evolve at exponential speed, climate action requires a long-term, intergenerational commitment
(Marchant et al. 2011). This temporal gap means that by the time environmental regulations are
implemented, the technology they aim to govern may have already changed, as seen in the
exponentially fast evolution of Al, making traditional policy cycles appear too slow and
ineffective (Marchant et al. 2011).

To overcome these institutional barriers, scholars such as Maggetti and the OECD (2023)
suggest that Twin Transition strategies cannot be rigid, contrastingly, they must move away
from rigid top-down approaches toward flexible and experimental strategies that allow constant

learning and real-time adjustments.

However, a realist-paradoxical perspective suggests that even experimental strategies often
clash with the internal contradictions of public administrations. Scholars like Nevi et al. (2026)
argue that the implementation of the Twin Transition is hindered by a “Governance Paradox”.
This paradox points out the structural impossibility of reconciling traditional bureaucratic logic,
which are based on legal stability, hierarchy, and risk avoidance, with the innovative logic

required by the Smart Green City, which demands flexibility and cross-sectoral collaboration.

So, from this viewpoint, institutional inertia is a protective mechanism of the bureaucratic
system, as administrative “silos” are the manifestation of these incompatible institutional goals
coexisting within the same organization. For instance, when attempting to put the Twin
Transition into practice, public officials often find themselves paralyzed by “absurd regulatory
constraints”. This paralysis is often the result of what Acciai and Terlizzi (2025) describe as
"policy layering”, where new cross-sectoral instruments are simply added on top of existing,
rigid institutional structures rather than reforming them (Acciai & Terlizzi, 2025, p. 2). Because
these overlapping initiatives remain constrained by original departmental boundaries this
stratification generates conflicts instead of coherence (Acciai & Terlizzi, 2025, p. 2-3). So, in

these cases, their legal obligation to follow rigid, outdated regulations directly clashes with the
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integrated, holistic approach required to combine ecological and digital systems (Nevi et al.,
2026). Consequently, this perspective suggests that the gap between policy intentions and
execution is a permanent structural tension that can’t be solved simply by better design, but
should be managed through specialized department or roles, such as “Twin Transition

Officers”, capable of translating between these conflicting organizational worlds (Nevi et al.,
2026).

Finally, the scholarly debate is enriched by a critical-structuralist perspective, which questions
about the nature of the implementation of the Smart Green City and the political purpose behind
the integration of these policies. Based on the work of Cugurullo (2018), this view argues that
when the Smart Green City model is implemented within a market-driven governance
framework, it often results in an assortment of projects and policies that aren’t coordinated
among them. In this scenario, digital and green tools are integrated selectively, prioritizing
initiatives that generate economic returns or enhance urban competitiveness over those that

ensure long-term ecological balance.

This process leads to what can be observed as an incoherent collection of disconnected
initiatives, where individual components fail to synchronize with the city’s broader
sustainability goals. From this viewpoint, the institutional inertia is a structural outcome of a
neoliberal political economy that rewards private interests and discourages holistic
coordination. Consequently, this perspective suggests that without a radical shift toward social
equity and unified strategic direction, the SGC remains a precarious collection of isolated

projects rather than a truly operationalized synergy.

Taken together, these four perspectives share a significant limitation: they locate the causes of
the Twin Transition's difficulties exclusively within human actors and institutional structures,
whether technical gaps, governance paradoxes, bureaucratic inertia, or market incentives. What
remains undertheorized across all four positions is the role of non-human components: the
sensor networks, green corridors, and policy documents that do not simply respond to
institutional decisions but actively participate in producing or disrupting the SGC assemblage.
It is precisely this gap that Urban Assemblage Theory (McFarlane, 2011), analyzed in the
theoretical framework, addresses by treating the city as a sociomaterial process in which agency
is distributed across human and non-human actors alike. This theoretical supplement does not
replace the institutional insights offered above but extends them to account for the full

complexity of the Twin Transition.
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In conclusion, the emergence of the Smart Green City reveals a deep gap between the optimistic

narrative of a "Twin Transition™" and the complex reality of urban governance.
3.4 Climate Governance in Milan: Existing Studies and Research Gaps

As established in the contextual background of this research (see Section 2.4), Milan actively
positions itself as a city committed to implementing the Smart Green City paradigm. Through
the progressive alignment of the Climate City Contract (CCC), the Air and Climate Plan
(PAC), and the Piano di Governo del Territorio (PGT), the city articulates a governance chain
explicitly designed to overcome the "siloed organizational structures™ identified as one of the
primary barriers to effective climate action (CCC City of Milan, 2024). A key strategy to
address these silos is participation in ambitious transnational frameworks, such as the EU’s
"100 Climate-Neutral and Smart Cities” mission and the C40 network. These initiatives
propose transnational governance structures designed to foster integration; however, scholars
warn against interpreting membership in these networks as sufficient evidence of actual

governance integration on the ground.

Among the scholars debating this integration, Kern and Bulkeley (2009) demonstrate that
transnational networks primarily operate through soft” governing tools, such as voluntary
benchmarking, information sharing, and project-based funding. They argue that the concrete
translation of these commitments into local action depends on the capacity of “policy
entrepreneurs”, who are usually political figures that hold positions in both transnational and
local networks, allowing them to bridge global goals with the internal logic of municipal
institutions (Kern et al., 2009). In addition, these authors state that transnational climate
networks function only in cities that are already internally organized and institutionally ready
for action. However, because their perspective largely takes local institutional readiness for
granted, it leaves the concrete municipal governance architecture that coordinates local

implementation relatively unexamined (Kern et al., 2009).

A limited but growing body of scholarship addresses Milan more directly. Other scholars
investigate Milan’s specific governance arrangements, such as Manuelli, Deshayes and
Chelleri (2026) who provide one of the most granular studies on Milan's climate governance
in practice. Their analysis reveals a structural implementation gap within one of the city’s
central instruments, the PAC. More specifically, they show that the plan "lacks mechanisms

to bridge departmental divides, contributing to a lack of resources allocation, a lack of
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ownership, and ultimately to a lack of prioritization by all departments but the Green and
Environment department” (Manuelli et al., 2026). This is a direct empirical manifestation of
the "Governance Paradox", identified in Section 3.3 (Nevi et al., 2026): the institutional logic
of bureaucracy actively resists the cross-sectoral coordination that the Twin Transition
requires (Manuelli et al., 2026).

In summary, while the transition toward a Smart Green City offers a powerful vision for urban
climate resilience, the scholarly literature reveals a persistent research gap, which is both
empirical and theoretical.

Empirically, the existing literature on Milan still offers only limited insight into the daily
mechanics of the Twin Transition. While previous case studies, such as the work by Manuelli
et al. (2026), correctly identify the existence of departmental divides and structural resource
deficits, they do not provide enough insight into how this fragmentation occurs in practice.
They establish that implementation fails, but this empirical area must be enriched by
investigating the specific mechanisms through which municipal documents, legal mandates,
separated budget structures, and digital-green infrastructures physically interact and often

clash.

Theoretically, this empirical limitation is tied to the analytical boundaries shared by the four
perspectives highlighted in Section 3.3. Indeed, they locate the causes almost exclusively
within human actors and institutional structures, as whether they point to technical gaps,
bureaucratic inertia, or market incentives, these approaches largely undertheorize the
sociomaterial dimension. They capture the institutional symptoms but leave the active role of
non-human components, such as sensor networks, green corridors, rigid spatial regulations,
and the material format of budgets, largely unexamined as active participants that produce or

disrupt the urban system.

This dual gap matters because, without a clear understanding of these sociomaterial dynamics,
the Smart Green City risks remaining a purely strategic narrative rather than an operational
reality. To move beyond the limits of existing literature, this study adopts a framework that
treats policies, technologies, and ecological assets as equally active components of the urban
system. Consequently, the following chapter introduces Urban Assemblage Theory as the
essential analytical lens to examine how these elements interact to shape Milan's climate

resilience.
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4 THEORETICAL FRAMEWORK
4.1 Research Philosophy: Ontology & Epistemology

Before investigating the theoretical framework of this research, it’s essential to clarify the
ontological and epistemological commitments of it, to understand which philosophical position
this research is based on, with the goal to understand how the city is meant in this research.

Following the foundational work of Manuel DeLanda (2006) and its application in urban studies
by scholars such as Ignacio Farias and Thomas Bender (2010), this study moves away from a
“substance-based” ontology, which views the city as a collection of stable pre-existing objects,
towards a relational, processual and sociomaterial ontology. Building on this intellectual
tradition, this research utilizes Colin McFarlane’s (2011b) specific conceptualization of the
urban assemblage. In this perspective the city of Milan is seen as an assemblage: a dynamic and
ongoing process of construction, characterized by what McFarlane (2011b), drawing on

DeLanda (2006), calls “relations of exteriority”.

This type of relationality means that the components, such as digital sensors, policy documents,
and green infrastructures, keep their autonomy while being part of a larger whole, so they can
be detached and operate independently or be reconnected into a different assemblage entirely.
Contrastingly, relations of interiority means that parts only exist as functions of the whole and
dissolve when disconnected. In the SGC context, this explains why a smart sensor network can
function without being integrated into ecological management and why a green infrastructure

project can be implemented without any digital monitoring layer.

Because each component retains its own independent capacities, urban spatiality must be
understood as a ‘“constant relational coproduction” between social and material actants
(McFarlane, 2011b). Consequently, this research adopts a socio-material approach where is
treated as an “emergent capacity” distributed across human (such as policymakers or citizens)
and nonhuman components alike (McFarlane, 2011a). Digital sensors, green infrastructures,
and municipal regulations are not passive tools in the hands of decision-makers, but active co-
constituents of the assemblage that shape the city's adaptive capacity. Therefore, the “Smart
City” and the “Green City” are treated as ongoing processes of assembly that are continuously
produced, stabilized, and contested through these interactions, and not as fixed models to be

implemented.
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Building on this relational ontology, the research aims to trace the actual processes through
which Milan's adaptive capacity is produced. To operationalize this approach, Milan's official
policy documents and plans are analyzed as active components of the assemblage itself. These
texts do more than simply describe urban reality; they actively attempt to stabilize a specific
vision of the city (McFarlane, 2011b). Consequently, the analysis explores how these
documents work to integrate the city's smart and green initiatives into a coherent system, as
well as the points where they fail to connect with the broader assemblage.

4.2 Theoretical Lens: Urban Assemblage Theory

Based on the theoretical foundation explained before, this research employs McFarlane's (2011)
theory of Urban Assemblage as its primary analytical framework to investigate the production
and fragmentation of the Smart Green City in Milan.

The choice to employ Urban Assemblage Theory over a conventional institutional approach is
central to the analytical logic of this thesis. A traditional institutional theory (such as
institutionalism or policy network analysis) would frame the fragmentation of an urban
transition simply as a human or administrative failure, an issue of conflicting political interests,
rigid bureaucratic rules, or a lack of inter-departmental communication. While these elements
are crucial, conventional institutionalism inherently relies on a substance-based, human-centric

ontology.

However, as the literature review demonstrated, the challenges of implementing a Smart Green
City extend beyond human administrative behavior. The fragmentation of environmental
policies is often driven by the sociomaterial properties of the instruments themselves: the
structural format of legal mandates, the specific accounting architectures of public finance, or
the physical and temporal constraints of technologies and ecosystems. Urban Assemblage
Theory is chosen precisely because it overcomes the blind spots of conventional
institutionalism. Indeed, by adopting a relational ontology, it allows this study to distribute

agency across both human and non-human actors (McFarlane, 2011b).

So, drawing on the broader assemblage framework developed by DeLanda (2006), this chosen
Urban Assemblage theory provides two main analytical tools to investigate the research: the
concepts of “territorialization” and “deterritorialization”. First, territorialization refers to the
stabilization of an assemblage, specifically, the active work of connecting components into

durable, functioning relations. For instance, the Twin Transition, as implemented within Milan's
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Climate-Neutral and Smart Cities framework, is treated as an explicit attempt to territorialize
the SGC assemblage through the production of coherent connections between digital and
ecological components that otherwise tend toward autonomy.

While the second concept, deterritorialization, refers to the dissolution of those connections,
specifically, the fragmentation into isolated projects that critics identify as institutional silos
(Bibri, 2020). By tracing both processes empirically, the research can move beyond a binary
assessment of whether Milan integrates or fragments, toward a thick analysis of where, when,

and through what dynamics the assemblage stabilizes or breaks down.

In addition, while Urban Assemblage Theory provides a robust lens for tracing sociomaterial
relations, it is necessary to address a common critique leveled against it in critical urban studies.
Critics grounded in urban political economy (e.g., Brenner et al., 2011) often argue that
assemblage thinking risks obscuring structural power asymmetries, suggesting that a “socio-
material ontology” struggles to account for overarching, hierarchical forces like market-driven

governance.

However, this study rejects the premise that assemblage theory is inherently blind to power.
Following McFarlane (2011a), this research understands that assemblages are deeply
hierarchized and never free from unequal power relations. Rather than viewing power as an
abstract, invisible structure operating from above, this research analyses power as something

actively enacted through the assemblage.
4.3 Core Concepts: The Twin Transition and Urban Resilience

This thesis is structured around two core concepts: the Twin Transition and Urban Resilience.
Rather than treating the Smart City and the Green City as naturally aligned paradigms, this
study, following McFarlane's (2011b) processual approach, investigates how their convergence

is actively produced, contested, and structured through socio-material interactions.

The integration of digital tools with green policies is rarely seamless, so, the research doesn’t
take "fragmented sustainability" as a given failure but rather treats this fragmentation as an
empirical process to be investigated. The central question is how the assemblage of smart tools
and environmental policies often ends up disjointed. By tracing these socio-material frictions,

the study examines which institutional actors, power structures, and local conditions cause
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technological progress and environmental management to operate on disconnected tracks rather
than as a cohesive transition (McFarlane, 2011a).

To navigate this complexity, the research employs the Twin Transition as its primary analytical
lens. Rather than a binary test of success or failure, the Twin Transition serves to identify
“governance thresholds” as sites where power is exercised over the assemblage (McFarlane,
2011a). These thresholds are the institutional and sociomaterial friction points where the
assemblage is tested, where it either manages to territorialize, stabilizing connections between

digital and ecological components, or deterritorialize, fracturing into isolated initiatives.

In this framework, Urban Resilience is conceptualized through the lens of Adaptive Capacity.
While the term originates primarily in evolutionary biology and socio-ecological systems
literature, as defined by the IPCC (2007) to describe a system's ability to adjust to climate
change, this research re-conceptualizes it through an assemblage-theoretic lens. So, rather than
treating adaptive capacity as a purely technical or objective metric of environmental readiness,
this study interprets it as an emergent property of the urban assemblage.

Following McFarlane’s (2011a) focus on potentiality, Adaptive Capacity is analyzed through
the socio-material interactions between green infrastructure, which provides the physical
capacity to absorb environmental shocks, and smart technologies, which provide the
informational capacity to monitor and anticipate disruptions. Crucially, this capacity is not the
sum of their separate functions but emerges from their co-functioning within the assemblage
(McFarlane, 2011b).

While this chapter has established the theoretical and philosophical foundation of the research,
these remain abstract analytical tools. To bridge the gap between Urban Assemblage Theory
and the empirical reality of Milan's Twin Transition, these concepts must be operationalized.
The practical translation of these theoretical concepts, specifically, how the processes of
territorialization and sociomaterial friction will be empirically coded and traced through the

DCR document analysis framework, will be detailed in the following Methodology chapter.
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5 METHODOLOGY

5.1 Research Design: Qualitative Case Study

To ensure a rigorous and feasible investigation, this study defines clear analytical boundaries
by focusing strictly on the Metropolitan Area of Milan. Drawing on case study methodology
(Yin, 2018; Stake, 1995), Milan is selected not only for intrinsic interest, but as an instrumental
and critical case study and therefore it is used to support analytical generalization.

This research tests whether the theoretical promises of the "Twin Transition™ hold up in practice
in the city. Milan serves this purpose perfectly because it provides the ideal administrative and
financial conditions for this paradigm to succeed. It is a highly resourced European
municipality, actively participating in the EU Mission for Climate-Neutral and Smart Cities,
and explicitly attempting to integrate digital and ecological policies. Furthermore, the city is
designated within the Italian National Climate Change Adaptation Plan (PNACC) as one of the
country's most heat-stressed urban centers, making it highly vulnerable to the Urban Heat Island
(UHI) effect (Buffoli et al., 2024). Therefore, analyzing Milan allows this research to illuminate
a structural issue: if institutional silos fragment the Smart Green City assemblage even in a
highly committed and well-funded case like Milan, similar governance thresholds are likely to

exist in municipalities with fewer resources.

The core objective of this methodology is to understand and trace the processes through which
digital initiatives and green infrastructure interact, analyzing how and to what extent they
stabilize into operational synergy rather than dispersing into isolated projects. To achieve this,
the research adopts a qualitative interpretive case study approach, which is well suited to
analyzing Milan’s governance framework and the ways in which administrative structures,
institutional actors, and power relations shape coordination, enabling some initiatives while

hindering others.

This research relies on secondary sources, analyzing both official policy instruments and grey
literature. While qualitative research often investigates governance through semi-structured
interviews, this study explicitly adopts a document-based approach to mitigate the risk of
“institutional ventriloquism” (Cooren, 2012). Indeed, this phenomenon occurs because when
policymakers and municipal planners are interviewed, they often repeat official narratives or
defend their departments rather than exposing structural failures. To avoid this bias, this study

employs a Cross-Document Analysis, employing a multi-layered comparison: first, between
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the different official planning instruments of the Municipality to check for internal consistency,
and second, between these official strategies and independent evidence (NGO reports, civic

movements).

In addition, in line with the socio-material epistemology established in Chapter IV, Milan's
policy documents, which include climate action plans, municipal deliberations, and EU Mission
reports, are not read here as just neutral evidence of governance choices or narratives. Following
McFarlane (2011b), they are treated as active components of the assemblage that attempt to
stabilize a specific vision of the Smart Green City and produce durable connections between
digital and ecological systems. When a plan fails to generate implementation, this is not just an
institutional shortcoming, but based on this theorical lens, it signals a moment of
deterritorialization within the assemblage itself. Consequently, in the text analysis, municipal
departments, technological and green infrastructures, and regulations are all coded as “actants”

with the agency to shape urban policy.

In addition, the theoretical concepts of the Urban Assemblage theory are operationalized into

specific analytical categories to guide the document analysis:

o Evidence of territorialization (meant as the stabilization of the urban assemblage) is
identified when documents show concrete, durable connections between digital and
ecological systems. Concretely, this includes traditional institutional markers like
municipal budgets, policy instruments or monitoring reports but also documents that
demonstrate sociomaterial alignment, which occurs when a policy explicitly links the

material properties of nature with the functional formatting of digital data.

o Evidence of deterritorialization (meant as the fragmentation of the urban assemblage)
is identified when documents reveal the dissolution of these connections into isolated
"siloed" projects. Concretely, this could include institutional audit reports highlighting
administrative bottlenecks, lack of specialized personnel, unspent funds due to
bureaucratic complexity or environmental performance reports showing
inconsistencies between the technological promises of a climate plan and its physical
maintenance reality. In addition, deterritorialization is identified when documents
reveal sociomaterial friction, when temporal or physical properties of the components

resist integration.
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5.2 Analytical Strategy: The DCR Framework

To translate the qualitative methodological approach into practice, the research employs the
Describe-Compare-Relate (DCR) framework elaborated by Pat Bazeley (2013), which

structures the investigation into a three-phased analytical pathway.

Because this research adopts Urban Assemblage Theory, the DCR framework is not applied as
a conventional policy coherence analysis. Policy documents are treated not simply as sources
of propositional content, but as active components of the assemblage; So, analytically, this
means that the coding procedure examines what documents say and how they structure relations
in practice: which connections they attempt to impose across departments, and how their

regulatory force shapes the city’s material organization.
Within this theoretical framing, the DCR phases are operationalized as follows:

o Describe: This phase systematically maps the current policy landscape of Milan. It
involves categorizing the primary municipal plans and digital platforms to identify
stated objectives and operational boundaries. Crucially, it identifies the designated
"actants™ within the texts, human actors (like mayors or transition officers) and non-
human components (like digital sensor networks, green infrastructure projects, and the
regulatory indices themselves). This establishes the baseline of how the documents

attempt to stabilize the Smart Green City assemblage.

o Compare: Moving beyond description, this phase analyzes the alignment and friction
between the identified policies. It contrasts the mandates, resource allocations, and
operational frameworks of different departments (e.g., comparing the PGT with the
PAC). The goal is to evaluate whether these policy designs are cohesive or if they
reveal contradictory priorities and fragmented governance structures. In assemblage
terms, this phase identifies "governance thresholds™ (McFarlane, 2011a), specific
regulatory codes or funding mechanisms that enable or hinder the integration of digital

and ecological systems.

e Relate: This final phase connects the empirical findings to the study’s theoretical
framework and research questions. It treats territorialization and deterritorialization as
sociomaterial processes to be traced through the interaction of documents, institutional

arrangements, and material constraints. More specifically, it examines the mechanisms
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through which the Smart Green City assemblage is stabilized or fragmented in
practice. To do so, the analysis combines internal comparison across the
Municipality’s official planning instruments with external comparison against
independent grey literature, while also identifying moments in which material and
technological properties, such as data formats, sensor limitations, or the biological
constraints of green infrastructure, actively shape policy outcomes.

5.3 Data Collection and Sources

To implement this method and operationalize the DCR framework, the selected documents are
categorized into four distinct functional groups. This section highlights the specific analytical
utility of each group (already detailed contextually in Chapter 2.4) for discovering governance
dynamics and testing the Smart Green City assemblage. A comprehensive list of all documents

analyzed in this study is provided in the Appendix.
1. The Macro-Policy Instruments

First, there are macro-policy instruments through which the Municipality attempts to align

actors, define urban visions, and mandate spatial rules. These are:

e Piano Aria e Clima (PAC): The PAC is the city’s primary strategic vision for climate
action. It is used to identify the operational boundaries and the "actants", while it
reveals how the city theoretically plans the convergence of digital monitoring and

green infrastructure against the UHI effect.

e Piano di Governo del Territorio (PGT Milano 2030): The PGT is the legally binding
spatial masterplan. It is analyzed to see how strategic ambitions are translated into
regulatory codes. The PGT is compared with the PAC to assess whether the spatial
regulations actually mandate the green-digital synergy planned by the climate strategy

or if they reveal a fragmented governance threshold.

e Climate City Contract (CCC) & Action Plan (2024): The CCC represents the latest
attempt to overcome municipal silos through a multi-level governance framework It is
analyzed both as a strategic narrative of integration and as a governance instrument, in
order to assess whether its ambitions are supported by effective regulatory, financial,

and operational mechanisms.
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2. The Operational Projects

Second, the analysis includes project-based documents that specify how digital and ecological
tools are operationalized within Milan’s climate strategy. These materials are used primarily
to address RQ1 by examining how the convergence between digital systems and green

infrastructure is structured in practice.

e ClimaMi Project Documents: It represents the "digital intelligence™ layer, these
documents dictate how urban climate data is collected, standardized, and utilized.
They are analyzed to trace the informational capacity of the assemblage. The goal is to
evaluate if this digital data possesses the institutional authority to actually guide

spatial interventions or if it remains trapped in a technocratic silo.

o Forestami Metropolitan Plan: It represents the "green infrastructure™ layer, Forestami
documentation outlines the physical deployment of nature-based solutions. This

project is cross-referenced with ClimaMi data to observe operational synergy.
3. The Financial and Operational Planning Instruments

Third, to verify how strategic climate goals translate into actual bureaucratic mechanisms, this
study incorporates the fundamental accounting and investment documents of the Municipality
of Milan, essential to reveal exactly how financial resources are allocated across departments.

These are:

e Piano Esecutivo di Gestione (PEG): This executive management and programming
document assign specific financial resources and responsibilities to the city’s

directorates.

e Programma Triennale dei Lavori Pubblici (PTOP): This outlines the binding

investment strategy for all physical public works.
4. The Municipal Monitoring Reports

Fourth, to evaluate how these strategies, budgets, and operations perform over time, the

research includes official tracking documents produced internally by the municipality.

e Report di Monitoraggio del Piano Aria e Clima (First PAC Monitoring Report): These

types of reports are highly valuable because they internally record institutional
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friction. By systematically categorizing the reported delays, lack of resources or
shifted targets, the analysis can highlight exactly where implementation stalls.

Finally, to fulfill the promise of bypassing "institutional ventriloquism", the research requires
documents that expose the friction between policy design and implementation reality. To
achieve this, the research systematically triangulates official municipal policies with a carefully
selected body of Grey Literature. The selection of grey literature is not arbitrary; documents are
included based on three specific criteria: (1) they must provide independent empirical data on
Milan’s environmental or digital performance; (2) they must directly evaluate the
implementation of the primary policies analyzed; and (3) they must be produced by recognized
institutional, scientific, or established civil society actors.

Based on these criteria, the selected sources include:

e Independent Monitoring Reports: Documents such as the Climate City Contract
Progress Report ( Dorst et al., 2025). These are important because they provide an
external, critical assessment of the municipality's governance dynamics, highlighting
cross-departmental friction, municipal silos, and operational bottlenecks that internal

municipal documents might otherwise obscure or downplay.

o Scientific-Technical Grey Literature: Data and independent analyses produced by
research institutes and regional agencies (such as Centro Euro-Mediterraneo sui
Cambiamenti Climatici CMCC). These technical reports provide real-world data on
temperature trends and population vulnerability. Crucially, they show the actual
"green deficit" of the city, meaning how much green infrastructure is still missing

despite the municipality's stated goals.

« Institutional Audit & Regulatory Control Reports: Official deliberations and
"concomitant controls” issued by national auditing bodies (such as Corte dei Conti).
These sources identify administrative barriers, providing authoritative evidence of
"bottlenecks" in the execution of funds and highlighting systemic issues such as the

lack of specialized personnel or bureaucratic complexities.

o Environmental Performance & Advocacy Reports: Audits and monitoring reports by

established environmental organizations (such as Legambiente Lombardia). These
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organizations actively monitor the realization of green infrastructure, providing critical

assessments of the real-world execution of projects like Forestami.

By triangulating these independent evaluations with official municipal documents, the Cross-
Document Analysis exposes the institutional friction that municipal texts often obscure,
allowing the research to identify the conditions under which coordination is enabled,

constrained, or fragmented in practice.
5.4 Document Coding and Analytical Procedure

To systematically process the selected documents, this study employs a hybrid deductive-
inductive coding procedure, drawing on the methodological guidelines for qualitative data
analysis outlined by Bazeley (2013). The coding process is explicitly structured around the
concepts of Urban Assemblage Theory.

First, a deductive codebook is established to capture the fundamental theoretical categories.
During the reading of the official policies (PAC, PGT, CCC) and the independent grey

literature, passages are coded according to:

e Actants: Identifying both human actors (e.qg., transition officers, municipal
departments) and non-human components (e.g., digital sensor networks, specific green

infrastructures, regulatory indices).

e Reassembly / Territorialization: Coding text segments that demonstrate active efforts
to connect digital and ecological systems. This includes identifying specific policy

mandates, joint budgets, or successful monitoring reports that prove operational

synergy.

e Fragmentation / Deterritorialization: Coding text segments that reveal the dissolution
of these connections. This includes audit findings of unspent funds, NGO reports of

neglected maintenance, or regulatory contradictions between departments.

While this theoretical codebook guides the initial reading, the procedure also allows for
inductive codes to emerge directly from the text. For example, specific types of "governance
thresholds” are allowed to emerge inductively as the institutional audit reports and grey

literature are analyzed.
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In addition, to strengthen the reliability of the coding process, each passage was is coded
according to its thematic content and to its analytical function within the DCR framework. In
practice, this means that the same document segment could be coded at three levels: first
descriptively, by identifying the actor, document, infrastructure, or policy instrument involved;
second comparatively, by assessing whether the segment indicated alignment, contradiction, or
friction between digital and ecological objectives; and third relationally, by evaluating whether
this interaction contributed to territorialization, deterritorialization, or an intermediate form of

partial coordination.
5.5 Methodological Limitations, Reflexivity, and Ethics

To investigate urban governance, this research considered alternative qualitative methods, such
as semi-structured interviews with municipal planners or ethnographic observation of policy
meetings. However, beyond the practical constraints of gaining access to high-level municipal
officials and observing closed-door interdepartmental negotiations within a limited timeframe,
interviews carry a high risk of "institutional ventriloquism™ (Cooren, 2012), where respondents
may default to performative narratives defending their departmental actions. Document analysis

was explicitly chosen because it provides a verifiable trace of institutional friction.

Nevertheless, this method carries inherent limitations. Primarily, the reliance on document
analysis introduces an inherent institutional bias; because municipal plans, budgets, and
contracts are human, institutional products, the methodology naturally amplifies administrative
dynamics. Although the theoretical framework successfully illuminate non-human agency, a
purely document-based approach cannot observe the informal, informal negotiations or internal

compromises.

Since this research relies on publicly available institutional documents and reports, the study
ensures the integrity and transparency of the data through rigorous citation, and to adheres to
the principle of fair use and intellectual honesty. To ensure a balanced interpretation, the
research actively avoids selection bias by cross-examining official policy claims with
independent, empirical evidence. This approach prevents "cherry-picking" and ensures that the

identified institutional barriers reflect a holistic view of Milan’s governance.

Because this study relies entirely on publicly available official documents and published grey
literature, it does not involve human subjects, thereby avoiding ethical risks regarding personal

data, confidentiality, or emotional distress.
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However, qualitative analysis requires reflexivity regarding the researcher’s positionality. The
researcher recognizes her own positionality, as an Italian researcher born and grew in Milan,
and how her background shapes the interpretation of the Municipality’s policy narrative. To
prevent this proximity to introduce the risk of preconceived biases and to maintain analytical
rigor and avoid subjective interpretation, the coding procedure strictly adheres to the deductive
framework of Urban Assemblage Theory, ensuring that conclusions regarding
"territorialization" and "deterritorialization” are grounded entirely in documented evidence

rather than personal observation.
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6 ANALYSIS: IMPLEMENTING THE SMART GREEN
CITY IN MILAN

To systematically investigate the implementation of Milan’s Twin Transition, this chapter

applies the Describe-Compare-Relate (DCR) framework. The analysis follows a clear logical

progression:

First, the Describe phase (Section 6.1) maps the intended design of the transition. It
identifies the primary documents, digital platforms, and green infrastructures, outlining
how the municipality theoretically plans to integrate them into a cohesive "Smart Green
City" assemblage.

Second, the Compare phase (Section 6.2) moves from strategy to bureaucracy. It cross-
examines these policy ambitions against the rigid realities of legal mandates, municipal
budgets, and administrative boundaries. The goal here is to identify the "governance
thresholds"”, the exact points where the intended integration either succeeds through
structural alignment or fragments into disconnected, siloed projects.

Finally, the Relate phase (Section 6.3) connects these governance dynamics to their
physical outcomes on the ground. By triangulating the municipal texts with independent
monitoring reports, it demonstrates how the administrative hurdles identified in the
Compare phase prevent climate adaptation measures from being fully executed.
Ultimately, these burcaucratic bottlenecks directly increase Milan’s physical exposure

to the Urban Heat Island effect.

Through this phased approach, the chapter transitions from analyzing what the municipality

intends to do, to how its institutions process those intentions, and finally to what is actually

produced in the physical city.

6.1 Mapping the Policy Landscape (The Describe Phase)

To address the first research question regarding the policy dimension, this phase analyzes

how Milan’s strategic climate plans and policies attempt to integrate digital technologies

with green infrastructure to combat the Urban Heat Island effect.

Rather than restating the individual functions of these tools, the Describe phase focuses on

identifying the relationships and patterns established within the official policy framework. In
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the terminology of Urban Assemblage Theory, this requires mapping how these distinct
"actants" are strategically connected to form a cohesive Smart Green City model on paper.

The strategic documents outline an intended assemblage where the digital and ecological
domains operate synergistically, that is formalized strategically through data-driven
planning, agronomic survival, and ecosystem accounting. Digital tools are essential to
provide the exact mathematical metrics, climatic projections, and governance platforms
required to design, maintain, and evaluate the green infrastructure. This relationship

manifests across three primary patterns:

First, digital tools provide the essential foundation for the resilience and survival of
ecological actants, in fact, as the ClimaMI report notes, before green infrastructure can
actively cool the city, the vegetation must survive a shifting climate characterized by
extreme heat and drought. To do so the project plans the use of the SI-CU (Strumento
Informativo Clima Urbano) database through which the city gives to the agronomists the
detailed climate data, including thermal sums, frost days, and humidity extremes,
mathematically dictating in this way which plant species to select and when to plant them.
Digital intelligence thus acts as a prerequisite, ensuring the physical green infrastructure

remains viable enough to perform its mitigating function.

Second, once the green infrastructure is planned and maintained, the policy landscape shifts
to validating its physical impact through digital tracking. The PAC relies on multi-
parametric sensors to cross-reference the physical deployment of green roofs and urban
forests with actual, street-level reductions of the heat island effect. To achieve this tracking
activity, multi-parametric air quality sensors are deployed by the city, while citizen’s
initiatives contribute through the supplementation of low-cost sensors to continuously
measure temperature and pollutant drops in the immediate vicinity of newly implemented

green areas, such in cases of schoolyards turned into ’cooling centers”.

The project Forestami deepens this connection by transforming physical nature into
measurable performance metrics via its unified digital platform, that share these data among
the 113 municipalities in the metropolitan area; Indeed, this system effectively bridges the
physical and the digital by performing “ecosystem accounting”, systematically monitoring
the status of tree plantations. The platform tracks the physical status of the metropolitan

plantations and mathematically translates tree growth into exact performance parameters. It

38



calculates the tons of CO2 sequestered, the volume of PM2.5 and PM10 deposited on leaves,
the liters of water transpired, and, most importantly for UHI mitigation, the precise amount
of energy saved by cooling the ambient air. Digital multicriteria analyses further guide this
process, mapping pedestrian accessibility to determine exactly where new trees must be
planted to protect the most vulnerable urban areas (Forestami, 2025).

Third, this integration is elevated to a systemic governance level. The CCC formalizes the
connection between these domains by positioning the Digital Board (Board Innovazione
Tecnologica e Trasformazione Digitale) as a key signatory and stakeholder in the climate
neutrality transition. The CCC explicitly integrates this collegiate body into the climate
governance structure, rather than treating digital infrastructure as a separate administrative
sector, empowering it to support the municipal administration in linking new smart

technologies directly to ecological impact pathways (Climate City Contract, 2024, p. 92).

Within this framework, digital platforms such as Milano Partecipa and Milano Cambia Aria
are deployed both to gather data and actively engage the citizens responsible for sustaining
the green transition locally (Climate City Contract, 2024). These platforms are designed to
foster a participatory governance model, ensuring transparency, facilitating co-creation, and
providing the resources needed to empower individuals to adopt sustainable behaviors and

maintain the local green infrastructure.

Through these planned connections, the policy documents portray a coherent assemblage on
paper where the digital planning, validation, and governance platforms strategically direct
the green infrastructure that physically cools the city. In the terminology of Urban
Assemblage Theory, this represents the city's theoretical “territorialization”, the strategic
effort to bind digital capabilities and ecological assets together into a unified, functioning
Smart Green City model. However, having mapped how the municipality intends for these

systems to connect, it is necessary to examine the administrative realities that govern them.
6.2 Governance Dynamics: Alignment and Friction (The Compare Phase)

This section compares Milan’s official policy instruments in order to identify the
governance dynamics that shape practical coordination. More specifically, it examines
which institutional arrangements enable alignment between digital and ecological initiatives,
and which administrative structures hinder their implementation through regulatory,

financial, and organizational fragmentation.
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As mapped in the previous section, the policy landscape of Milan presents an integrated
Smart Green City model on paper, where digital intelligence and ecological infrastructure
are conceptually interconnected. However, identifying the "actants"” only reveals the
strategic intent of the municipality.

By contrasting the mandates, resource allocations, and operational frameworks of different
municipal departments, this analysis evaluates how the strategic ambitions of the Air and
Climate Plan (PAC) and the Climate City Contract (CCC) interact with the legally binding
urban rules of the Territorial Government Plan (PGT). This comparison exposes the actual
governance dynamics, highlighting both the areas of institutional alignment and the friction
points where the assemblage risks fragmenting into bureaucratic silos.

Before analyzing the friction within the urban assemblage, it is necessary to identify where
the integration between the digital and the ecological succeeds. Document analysis reveals
that, in several critical areas, Milan has managed to translate its strategic green and digital

ambitions into aligned operational mandates.

A primary indicator of institutional alignment is the effort to dismantle traditional
administrative silos. Independent evaluation provided by the Climate City Contract Progress
Report, published by the European Commission (Dorst et al., 2025), highlights that
participating in the CCC process forced a significant internal restructuring within the
municipality. The report explicitly notes the formation of cross-departmental “working
groups” and "Transition Teams," indicating that "departments are working together" across
previously rigid bureaucratic boundaries (Dorst et al., 2025, p. 40). Indeed, this “Transition
Team” created in Milan, merges the Urban Resilience Directorate, the Mayor’s International
Relations Office, and the Plan Management Authority into a single coordinating body
(Climate City Contract, 2024, p. 139). This cross-sectoral collaboration is further catalyzed
by human actants such as the Chief Resilience Officer, whose institutionalized role is to

work "in transversality on urban resilience™ (Climate City Contract, 2024, p. 91).

At the leadership level, this cross-departmental alignment is formalized through the
Innovation Technology and Digital Transformation Board. As outlined in the CCC Action
Plan, this board shares joint leadership with the Urban Resilience Department and the
Milano Smart City Alliance to execute the city's “Data Driven City” project. This shared

governance structure demonstrates a clear operational alignment by legally binding the IT
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sector and the environmental departments to collaborate on deploying the Urban Digital
Ecosystem (Climate City Contract, 2024, p. 97).

Secondarily, strong evidence of institutional alignment occurs when the goals of the climate
strategies (PAC and CCC) are successfully converted into legally binding building codes
within the spatial masterplan (PGT). The documents confirm this programmatic alignment
for specific ecological infrastructures. For example, the PAC sets a highly ambitious, yet
non-binding, strategic target to decuple the square meters of green roofs in the city and halve
residual grey public areas by 2030 (Comune di Milano, 2020, p. 35). Indeed, a comparison
with the PGT and its Strategic Environmental Assessment (VAS) reveals that the spatial
planning department provided the regulatory foundation for this goal. The PGT imposes
new, mandatory building standards for urban regeneration interventions, forcing private
developers to achieve a "Land Permeability Index™ (Indice di permeabilita fondiaria) of at
least 10% to 20%, explicitly suggesting the adoption of "green roofs/innovative shielding
systems" and passive cooling technologies to meet these targets (Comune di Milano, 2018,
p. 49-50). By legally tying the approval of building permits to the implementation of green
roofs and permeable surfaces, the spatial masterplan effectively territorializes the city's

strategic climate goals into a physical regulated reality.

Despite these clear examples of structural alignment, the Compare phase also reveals deep
institutional friction within Milan’s policy landscape. Indeed, when the visionary targets of the
PAC and CCC collide with strict operational and budgetary frameworks, the Smart Green City
assemblage frequently fragments into disconnected initiatives. In Urban Assemblage Theory,

this fragmentation process is understood as "deterritorialization™ (McFarlane, 2011)

To theoretically explain where this material and administrative friction materializes, this study
applies the concept of "governance thresholds”. According to McFarlane (2011a), a threshold
is a specific institutional site where power is exercised over the assemblage, the bureaucratic
checkpoints that determine whether a project survives as a cohesive whole or fractured into

isolated pieces.

Through the document analysis the research identifies three primary governance thresholds

where the integration between the digital and the ecological breaks down:

e The Regulatory Threshold
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Driven by the material agency of the document described above, the PGT acts as a rigid
bureaucratic boundary. While it successfully translates the PAC’s green infrastructure goals
into binding building codes, it legally recognizes only physical ecological interventions. A
comparative reading reveals the institutional consequence of this omission: whereas the CCC
strongly advocates for sensor networks, 10T, and real-time monitoring to sustain nature-based
solutions, the PGT’s spatial regulations and its Strategic Environmental Assessment (VAS) do
not include any legal requirements for private developers or municipal projects to install digital
monitoring systems. Consequently, when a developer submits a building permit, the
municipality exercises its regulatory power to ensure the physical greenery is planted, but it has
no legal mechanism to demand that this greenery is digitally monitored. This bottleneck
structurally divides the “Smart” component from the “Green” infrastructure, ensuring that the

Twin Transition is never legally enforced at the level of urban construction.
e Operational Fragmentation and Data Authority Threshold

The second point of friction individuated concerns the fact that digital tools lack the actual
institutional power to enforce their findings. As established in the Describe phase, projects like
ClimaMI and its SI-CU database provide highly detailed climate intelligence meant to lead
urban cooling strategies, successfully mapping local microclimates and predicting UHI
vulnerability. However, analyzing the governance structure reveals that this data often remains
trapped in a technocratic silo, because there is no legally binding protocol in the PGT or the
PAC that forces the urban planning department or the environmental maintenance sectors to
base their spatial decisions on the SI-CU data. The boundary of institutional power neutralizes
the digital actants by trapping them in an advisory role. The threshold here is operational and
hierarchical: while the digital platform can scientifically identify which specific tree species
will survive local thermal stress or exactly where new canopy is most needed to cool a
neighborhood, there is no binding protocol forcing the urban planning or environmental
maintenance departments to base their internal spatial decisions on this intelligence.
Consequently, the departments executing physical greening initiatives can operate
independently from the digital climate evidence. Without institutional authority over cross-
departmental operations, the digital tool is reduced to a passive archive rather than an active

driver of the green transition.

e Departmental Silos and Resource Allocation Threshold
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The most significant governance threshold is structural bureaucratic isolation, which is deeply
rooted in the municipality's financial architecture. The Climate City Contract Progress Report
empirically records this institutional friction from an independent perspective. Despite the
formation of Transition Teams, municipal officials admit that cross-departmental collaboration
remains a severe barrier, with departments frequently refusing to integrate climate actions by
claiming "it's outside their scope of work™ (Dorst et al., 2025, p. 38). Furthermore, the CCC
explicitly identifies the "siloed work organization" and the "difficulty to integrate climate
targets in the financial budget™ as massive structural barriers (Climate City Contract, 2024, p.
23).

Indeed, this financial friction is empirically validated by examining the municipality's
accounting instruments, as the Piano Esecutivo di Gestione 2026-2028 (PEG) and the
Programma Triennale dei Lavori Pubblici 2026-2028 (PTOP) that act as structural walls
between departments. The PTOP outlines a massive €4.73 billion investment strategy, yet the
rigid accounting categories do not possess cross-departmental "Smart Green™ budget lines. As
observed in the PEG, funds for physical green infrastructure are strictly isolated under
traditional environmental labels, such as "Mission 09: Sustainable Development and
Environmental Protection™ or specific budget chapters dedicated solely to "Naturalistic
Protection and Afforestation™ (Comune di Milano, PEG, 2026, pp. 32, 451). Meanwhile,
investments for digital innovation are allocated to entirely different administrative sectors.
Consequently, when the city actually distributes the money, this financial threshold forcibly
separates IT funds from green infrastructures’ funds. This separation hinders the assemblage
from accessing the joint resources needed to operate a unified ecosystem, preventing true
operational alignment and continually pulling the green and the digital back into isolated

projects.

At the same time, the analysis suggests that the governance thresholds do not affect
implementation equally. Among them, the Departmental Silos and Resource Allocation
Threshold emerges as the most consequential, because even where strategic alignment exists
on paper, implementation ultimately depends on the municipality’s capacity to mobilize shared
resources across departments. In practice, this capacity is constrained by the PEG and PTOP,
which separate funding for green infrastructure from funding for digital innovation and thereby
prevent the creation of integrated Smart Green interventions. While the regulatory and data-

authority thresholds remain important, this financial and organizational threshold is even more
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decisive because it operates at the level of execution, directly weakening the city’s ability to

translate strategic ambition into coordinated action.

A conventional institutional analysis would conclude the Compare phase here, recognizing the
disconnection across these three thresholds simply as a human failure, a lack of political will or
poor coordination between municipal offices. However, applying the lens of Urban Assemblage
Theory exposes deeper dynamics. The fragmentation of Milan’s climate strategy is actively

produced by the material and informational properties of the components themselves.

By analyzing the assemblage in this way, it becomes clear that the deterritorialization of the
Smart Green City is produced both by institutional actors and by the active agency of non-
human actants. This latter one is visible first in the temporal friction between digital data and
ecological growth, defined as temporal mismatch. As analyzed, digital databases like SI-CU
exercise their own "informational agency” by generating high-speed, highly specific climate
metrics (e.g., 10-day thermal sums). However, these fast-paced digital metrics are forced to
operate within rigid, short-term IT budgeting cycles, such as the three-year planning windows
of the PTOP and PEG. By contrast, trees exercise their own biological agency by requiring
decades of slow and uninterrupted growth before they can effectively mitigate the Urban Heat
Island effect. The friction emerges because the high-speed format of the digital tools actively
clashes with the deep ecological timeline of urban forestry. In this sense, fragmentation is not
caused only by weak coordination, but by a sociomaterial incompatibility in which the temporal
properties of digital and biological actants are structurally difficult to synchronize within the

current administrative framework.

A second form of non-human agency is exercised by the material format of legal documents.
The Territorial Government Plan operates through a rigid regulatory structure historically
designed to measure physical space, such as square meters of concrete or permeable soil.
Precisely because of this material format, it actively resists the integration of intangible data
networks, rendering the digital layer legally invisible. Therefore, the regulatory gap identified
above is not simply an oversight by human planners, because the document itself rejects the
digital component on the basis of its own physical properties, causing fragmentation
independently of human intention. Taken together, these findings show that the
deterritorialization of the Smart Green City is shaped also by digital data, physical trees, and

planning laws that actively structure policy outcomes through their own inherent properties.
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6.3 Urban Outcomes: Navigating the Implementation Gap (The Relate Phase)

Continuing the investigation into the second research question, this phase relates the identified
governance dynamics to their physical outcomes, demonstrating how administrative structures

actively disrupt the practical coordination of these Smart Green City initiatives on the ground.

In the Describe and Compare phases, this analysis established that while Milan presents a highly
integrated Smart Green City model on paper, its operational and financial governance remains
deeply siloed. In the Relate phase, it is necessary to move beyond simply documenting these
implementation failures to trace the causal pathways through which specific governance
thresholds produce tangible physical outcomes on the ground.

The real-world consequence of this fragmentation is a profound "green deficit", a tangible gap
between the strategic targets of the main municipality policy plans, especially the Air and
Climate Plan (PAC), and the reality of the city. Indeed, the municipality's own PAC’s
monitoring report (Report di Monitoraggio del PAC) acknowledges severe delays in the
realization of the urban canopy and the removal of impermeable surfaces. The PAC sets
ambitious long-term targets to mitigate urban heat by 2050, specifically aiming to increase the
city's tree canopy from 15% to 21% (adding 11 square kilometers of canopy) and to depave 100
hectares of impermeable grey surfaces (Comune di Milano, 2020, p. 118). However, the official
monitoring data exposes a severe gap between these goals and actual physical progress as, by
2023, the municipality had only managed to convert 1,413 square meters from grey to green
and 2,089 square meters to permeable surfaces (Comune di Milano, 2020, p. 66). This combined
total leaves the city drastically behind its intermediate milestone of depaving 15 hectares by
2030 (Comune di Milano, 2020, p. 33). Similarly, on the front of tree coverage, the monitoring
report consolidates the baseline at 15% measured in 2023, noting that between 2021 and 2023,

the actual increase in public green areas amounted to merely 10.5 hectares.

Crucially, tracing the causal pathways reveals that the deep green deficit is not an isolated
failure, but the cumulative outcome of the institutional fragmentation identified in Section 6.2.
The municipality's monitoring report explicitly cites technical complexities, limited financial
resources, and a severe lack of readily available public space as the primary roadblocks to
spatial transformation (Comune di Milano, 2020., p. 34, 94). Because the municipality's rigid
financial architecture prevents cross-departmental budgeting, the administration struggles to

rapidly fund and execute the massive infrastructural renovation required on public land.
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As a direct consequence of this administrative and spatial gridlock, the municipality is forced
to decentralize its implementation strategy. Unable to finance and construct enough green
infrastructure on public land alone, the city's modeled scenario for 2050 assumes that private
owners will intervene to "green" their own courtyards and properties to meet the strategic
targets (Comune di Milano, 2020, p. 34). Ultimately, these governance thresholds shift the
burden of the climate transition from a centralized public infrastructure mandate to a

fragmented reliance on private development.

The implementation gap is further exacerbated by forces that fall outside purely institutional
barriers, demonstrating the material agency of the assemblage. Bureaucratic bottlenecks and
physical obstacles are heavily criticized in external evaluations, such as the recent audit by the
Corte dei Conti (Regional Control Section for Lombardy). Evaluating the implementation of
PNRR funds in Milan, the court records significant delays across the municipality's investment
portfolio, noting that several massive urban regeneration projects have fallen behind schedule.
Crucially, the court identifies the primary driver of this specific delay: severe physical
resistance, such as the need for extensive environmental remediation (bonifica) of contaminated
urban sites before any regenerative work can begin (Corte dei Conti, 2026, p. 13-14). Due to
these unforeseen operational obstacles, the municipality was forced to push implementation
deadlines far beyond the original 2026 targets, with some projects officially delayed until 2028
and 2031 (Corte dei Conti, 2026, p. 13). The chemical properties of the urban ground act as a
material boundary condition, physically preventing the realization of the ecological

infrastructure regardless of available funding.

Finally, the Regulatory Threshold directly causes the structural vulnerability and disconnection
of the newly implemented green areas. While the PGT successfully mandates physical greenery
for private developers, its legal inability to mandate digital sensors creates a blind spot. The
causal effect is clear: physical greenery is built, but without the mandatory integration of digital
climate intelligence and monitor its placement, these interventions operate blindly.
This lack of data-driven, strategic spatial planning directly produces the disjointed socio-spatial
outcomes criticized by independent environmental reports. The policy document Milano e
Oltre: Rigenerare la Citta (Legambiente Lombardia & INU, 2025) argues that because greening
is largely driven by isolated real estate developments rather than a centralized, intelligent
strategy, public greenery outside of a few "bright excellences"” is increasingly disjointed and

fails to respond adequately to the climate crisis. This is validated by recent spatial analyses
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demonstrating that Milan's green infrastructure network is well-developed in the periphery but
severely disconnected in the inner city, leading to low ecological connectivity in the areas where
UHI mitigation is needed most (Staccione et al., 2024, p. 6).

Ultimately, applying McFarlane's theoretical lens empirically demonstrates that Milan’s Smart
Green City operates as a highly unstable assemblage. The analysis confirms that significant
territorialization has indeed occurred on paper and in early governance structures, evidenced
by the cross-departmental Transition Teams, the integration of the Digital Board into climate
planning, and the successful "ecosystem accounting™ metrics of the Forestami platform. These
elements demonstrate that the theoretical alignment of the Twin Transition is genuinely

underway.

However, as the Relate phase illustrates, the forces of deterritorialization currently overpower
these integrating efforts at the point of physical execution. By trapping digital climate
intelligence and ecological implementation in separate operational realities, the traditional
governance model actively prevents the urban assemblage from stabilizing into lasting
operational synergy. Consequently, while the Twin Transition has successfully reshaped
strategic governance, its physical manifestation on the ground remains disjointed, leaving the
city with severely compromised capacity to mitigate the Urban Heat Island effect in the areas
where it is needed most. Overall, the analysis suggests that implementation is enabled when
strategic climate goals are translated into binding regulatory tools or supported by specific
shared operational frameworks, but hindered when digital and ecological initiatives remain
separated by rigid legal mandates, advisory rather than executive coordination, fragmented

budgets, and incompatible temporal horizons.
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7 DISCUSSION

7.1 Summary of Main Findings

The aim of this study is to investigate how the City of Milan attempts to integrate digital
technologies and green infrastructure to combat the Urban Heat Island effect. Specifically, the
research sought to trace the institutional and material processes through which these digital
initiatives and green infrastructures are continuously structured and restructured, moving away
from a binary assessment of success or failure to understand how governance dynamics shape

practical execution.

The findings highlighted in the Describe, Compare, and Relate phases of this analysis reveal
that Milan is not yet a fully realized Smart Green City. Instead, the evidence demonstrates that
the municipality currently manages a "Smart™ transition and a "Green" transition on parallel,
siloed tracks; Indeed, while high-level strategic documents project an image of friction-less
integration, this apparent synergy frequently deterritorializes when it enters in contact with the
rigid realities of municipal governance. At the same time, the analysis identified specific
moments of successful territorialization, which show that integration is possible, but only under

particular institutional conditions.

These moments of alignment occur when ecological objectives are embedded in binding legal
or regulatory mechanisms, such as when the long-term goals of the Air and Climate Plan are
translated into enforceable rules within the Territorial Government Plan. In these cases,
coordination does not depend on voluntary collaboration, but on existing administrative
procedures capable of compelling implementation. However, this logic does not generalize
across the broader Twin Transition. Digital components more often rely on advisory
arrangements, separate budget lines, and weak data authority, which makes coordination fragile

and uneven rather than structurally embedded.

To directly address the core objectives of this study, the empirical evidence summarized above

provides clear answers to the research questions:

e Research Question 1 (Policy Dimension), which asked in what ways Milan’s climate
plans attempt to integrate digital technologies with green infrastructure to combat the
Urban Heat Island effect, shows that the municipality pursues this integration across
three main policy levels. First, at the strategic level, documents such as the Climate City
Contract (CCC) and the Air and Climate Plan (PAC) frame the Twin Transition as a

coherent urban vision in which digital monitoring, climate data, and mapping tools are
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mobilized to inform and support ecological adaptation measures. Second, at the
regulatory level, the municipality attempts to translate selected climate goals into spatial
rules through the Piano di Governo del Territorio (PGT), particularly by embedding
environmental performance requirements into urban planning instruments. Third, at the
operational level, project-based initiatives such as ClimaMi and ForestaMi seek to
connect digital climate intelligence with the planning, deployment, and monitoring of
nature-based solutions over time. Taken together, these documents show that Milan
does not treat digital and ecological adaptation as completely separate domains in policy
design; however, the integration they propose remains uneven and only partially
translated into binding and coordinated implementation mechanisms.

o Research Question 2 (Governance Dimension) asked how institutional dynamics and
administrative structures shape the practical coordination of Smart Green City
initiatives, and which factors enable or hinder their implementation. The findings show
that Milan’s bureaucratic architecture shapes coordination unevenly across the Twin
Transition by mediating how digital and ecological initiatives are connected, separated,
or only partially aligned. The city seeks to enable integration through cross-sectoral
actors, such as Transition Teams and the Chief Resilience Officer, tasked with bridging
departmental divides. However, coordination becomes effective only when integration
is supported by binding legal or regulatory mechanisms; by contrast, it remains fragile
when it depends on advisory arrangements, separated budgets, and weak data authority.
As a result, these institutional efforts remain limited when they are not backed by
enforceable mechanisms and shared operational frameworks. These limits become
visible in two concrete ways. First, the Piano Esecutivo di Gestione (PEG) isolates IT
innovation funds from environmental maintenance budgets, preventing the
administration from mobilizing the cross-departmental resources required for integrated
Smart Green interventions on public land. Second, digital platforms and climate data
systems lack the institutional authority to impose their metrics on spatial planning
decisions, meaning that digital intelligence often remains confined to an advisory rather

than operational role.
7.2 Interpretation and Comparison with Existing Literature

These findings contribute directly and connect with the four perspectives outlined in Section

3.3, and the discussion therefore refres to them in the same analytical order.
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Overall, the Milan case challenges the techno-functionalist view that the Twin Transition can
be advanced primarily by closing technical and funding gaps, while presenting much stronger
alignment with the experimentalist-pragmatic and realist-paradoxical perspectives, which
emphasize structural incompatibilities and bureaucratic inertia. At the same time, the findings
only partially engage the critical-structuralist perspective, because the document-based
methodology is well suited to tracing institutional fragmentation but less able to capture hidden

market logics or informal political intentions.

So, analyzing one by one the perspective, the Milan case challenges the first techno-
functionalist perspective introduced in Section 3.3. While this perspective assumes that
integration is mainly hindered by enabling gaps (Muench et al., 2022), such as insufficient
expertise, funding, or data protocols, the empirical findings show that the main barriers are not
merely technical but structural, embedded in the municipality's legal, financial, and

administrative architecture.

Then, the findings strongly support the experimentalist-pragmatic perspective advanced by
Maggetti (2025) and Marchant et al. (2011), particularly regarding the theoretical “pacing
problem”, a fundamental misalignment of time horizons. As mapped in the Compare phase, this
structural vulnerability is clearly evident in Milan's policy framework: while the Air and
Climate Plan (PAC) establishes long-term ecological goals out to 2050 to allow green
infrastructure to reach maturity, the city's digitalization strategies are fundamentally tied to
short-term innovation and strict three-year budgeting cycles (such as the 2026-2028 PTOP and
PEG).

By attempting to govern long-term ecological processes with short-term technocratic tools,
Milan exhibits what Acciai and Terlizzi (2025) identify as the “diachronic layering” of policy
instruments. In the context of urban assemblage, this layering is more than an administrative
issue; it creates a deep sociomaterial friction. The municipality simply overlays new fast-paced
digital strategies on top of slow-moving environmental regulations. Because the material
rhythms of digital data and biological nature are so different, forcing them together through
policy layering acts as a deterritorialising force, driving the components further apart rather
than integrating them. So, the deterritorialisation observed in Milan is the logical outcome of
an institutional bias that ignores non-human agency, attempting to “layer” incompatible

sociomaterial realities as if they were neutral policy tools.
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In the third case, the findings align closely with the realist-paradoxical perspective proposed by
the scholars Nevi, as Milan’s struggle to integrate its digital and ecological agendas
demonstrates in fact that the barriers to the Twin Transition are not technical but structurally
embedded in the logic of public administration. The analysis of Milan confirms the
"Governance Paradox"”, highlighted by Nevi et al. (2026), which suggest that traditional
bureaucracies are designed for legal stability, vertical hierarchy, and risk avoidance, qualities
that actively resist the flexible, cross-sectoral collaboration required by the Smart Green City;
indeed the findings show that the municipal departments are operating exactly as they were
historically designed to operate, maintaining strict jurisdictional boundaries over budgets and
data.

At the same time, the findings from Milan also complicate the solutions proposed within this
realist-paradoxical perspective, as Nevi et al. (2026) hypothesize that the “Governance
Paradox” must be managed through specialized roles tasked with facilitating inter-departmental
cooperation; Milan’s governance structure attempts to operationalize this exact solution
through the establishment of a dedicated transition team and the assignment of a Chief
Resilience Officer tasked with embedding climate resilience transversally across all urban
policies. Despite the presence of these specialized teams, the evidence demonstrates that
creating such roles is insufficient without the legal mechanisms to mandate cross-departmental
spending. So, this finding suggests that advisory roles cannot overcome structural inertia if they

lack the structural power to territorialise the assemblage.

Finally, while the empirical evidence strongly validates the realist and experimentalist
perspectives, it leaves the critical-structuralist position advanced by Cugurullo (2018)
unaddressed. Cugurullo argues that urban fragmentation is intentionally driven by neoliberal
market forces and the political prioritization of urban competitiveness. However, because the
methodology of this study relies primarily on the analysis of official policy texts, municipal
budgets, and grey literature, it inherently limits the ability to observe informal political
intentions or hidden market pressures. Official and institutional documents are designed to
present governance as a neutral, administrative effort, thereby obscuring underlying market-
driven agendas. Therefore, while this research can map the structural symptoms of
fragmentation, evaluating whether these administrative silos are just the result of bureaucratic

inertia or actively maintained by market-driven political interests remains a question for future
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research, requiring alternative methodologies such as political economy analysis or stakeholder

interviews.
7.3 Theoretical Implications: Assemblage and Adaptive Capacity

From a theoretical standpoint, this study expands the operational use of Colin McFarlane’s
(2011) Urban Assemblage Theory within urban policy analysis. Often, theories of sociomaterial
assemblage risk remain abstract philosophical concepts but this research demonstrates how they
can be operationalized as an analytical lens for policy documents. By treating municipal policy
documents as active components attempting to "territorialize” a vision of the city and not as
passive descriptions of intent, the research highlights how institutional power and path
dependency physically operate within legal texts. Documents are not neutral, in fact, they
distribute budgets, define jurisdictional boundaries, and dictate which department has authority

over data and green spaces, thereby actively putting the bases for administrative silos.

Crucially, this analysis theoretically redefines how Urban Resilience and Adaptive Capacity
should be measured in the context of the Twin Transition. Traditionally, urban resilience is
often evaluated through quantitative analysis, for example, measuring adaptive capacity by

counting a city's deployed 10T sensors or the square meters of its green roofs.

This study challenges this additive approach and demonstrates that a system’s Adaptive
Capacity is not simply the sum of a city's technological and ecological assets; rather, it is an
emergent property that only emerges when institutional conditions successfully bind these
components together. While sensors possess the material capacity to monitor and trees possess
the biological capacity to cool, the city's overarching resilience emerges when institutional
mechanisms, such as data-sharing protocols or joint budgets, successfully bind these non-
human components together. In addition, these institutional mechanisms create the conditions
under which the differences between the components, as their different temporal rhythms, can
be coordinated into a workable and durable assemblage. In this sense, institutional mechanisms
do not replace the material elements of the city, but they act as the crucial "glue" of the

assemblage. If this institutional glue fails, the components revert to their isolated capacities.

Therefore, the central theoretical implication of this research is that urban climate resilience
can’t be studied purely as an engineering or ecological challenge; Indeed, a city's adaptive
capacity against the Urban Heat Island effect is ultimately bounded by its institutional design

and the flexibility of its administrative structures.
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8 CONCLUSION

The primary conclusion of this study is that technological availability and ecological intent are
not, on their own, sufficient to mitigate climate hazards effectively. Rather, the Milan case
shows that the success of the Twin Transition depends to a significant extent on institutional
architecture. More specifically, adaptive capacity against the Urban Heat Island effect is shaped
and constrained by municipal governance structures. Without the legal, financial, and
administrative mechanisms required to sustain cross-departmental coordination, a city’s climate
response risks remaining a collection of isolated interventions rather than a cohesive and
resilient system.

The findings from Milan also offer a broader lesson for cities pursuing the Twin Transition,
particularly within the EU Mission framework. Rather than representing a purely local failure,
the fragmentation identified in this study points to a wider governance challenge within
traditional bureaucratic systems. Milan serves as an instrumental and critical case specifically
because it possesses highly favorable preconditions for successful integration, such as strong
political commitment, significant funding, and participation in the EU Cities Mission. As an
instrumental and critical case, Milan suggests that when fast-moving technological agendas are
inserted into rigid administrative structures without corresponding institutional reform, similar
coordination frictions are likely to persist elsewhere.

Based on these findings, the study also suggests several practical implications for cities
pursuing the Smart Green City model. First, the integration of green and digital strategies should
be formalized within binding planning instruments, so that ecological interventions are not
implemented without corresponding digital monitoring requirements. Second, climate
intelligence platforms such as SI-CU should be given stronger institutional authority through
formal protocols requiring planning and environmental departments to incorporate their data
into spatial and maintenance decisions. Third, municipalities should establish cross-
departmental budget lines or joint financial mechanisms, since the separation of digital and
ecological expenditures within instruments such as the PEG and PTOP directly undermines
integrated implementation. Finally, coordination bodies should not remain purely advisory, but
should be equipped with executive and financial authority capable of overcoming departmental
silos in practice.

Future research could build on these findings by combining document analysis with

ethnographic or interview-based approaches inside municipal administrations, and by
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examining quantitatively how administrative fragmentation affects the actual performance of
climate adaptation measures.

Ultimately, the Milan case demonstrates that the Smart Green City cannot be achieved simply
by combining digital innovation with ecological ambition. Its realization depends on whether
municipal institutions are capable of binding these components into a coherent and durable

governance arrangement.
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APPENDIX

Rigenerare la Citta

Lombardia & INU

Document Name | Author/Institution Year Category
Piano Aria e Clima | Municipality of Milan 2022 Macro-Policy
(Air and Climate
Plan, PAC)
Piano di Governo | Municipality of Milan 2018 Macro-Policy
del territorio (PGT)
Climate City Municipality of Milan 2024 Macro-Policy
Contract (CCC)
Action Plan
Forestami Progetto Forestami 2024 Operational Project
Metropolitan Project
Climami Project Progetto ClimaMi 2021 Operational Project
Documents
Piano Esecutivo di | Municipality of Milan 2026 Financial planning
Gestione (PEG)
Programma Municipality of Milan 2026 Financial Planning
Triennale dei Lavori
Pubblici (PTOP)
Primo Rapporto di | Municipality of Milan 2023 Monitoring Report
Monitoraggio del
PAC
Climate City European Commission 2025 Independent
Contract Progress (Dorst et al.) Evaluation
Report
Milano e Oltre: Legambiente 2025 Grey Literature
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Institutional Audit
Reports

Corte dei Conti

2026

Grey Literature

61




	1 INTRODUCTION
	1.1 Overview of Urban Climate Challenges
	1.2 Problem Statement: The Milan Case Study
	1.2 Research Objectives and Questions

	2 CONTEXT AND BACKGROUND
	2.1 The Smart City Framework
	2.2 The Green City Framework
	2.3 The Smart Green City Paradigm and the Twin Transition Framework
	2.4 Case Study Context: Milan’s Climate and Digital Instruments

	3 LITERATURE REVIEW
	3.1 The Smart City Paradigm: Digital Efficiency and the Technocratic Challenge
	3.2 The Green City and Nature-Based Solutions (NBS): Between Ecological Resilience and Operational Limits.
	3.3 The Emergence of the Smart Green City (SGC):
	3.4 Climate Governance in Milan: Existing Studies and Research Gaps

	4 THEORETICAL FRAMEWORK
	4.1 Research Philosophy: Ontology & Epistemology
	4.2 Theoretical Lens: Urban Assemblage Theory
	4.3 Core Concepts: The Twin Transition and Urban Resilience

	5 METHODOLOGY
	5.1 Research Design: Qualitative Case Study
	5.2 Analytical Strategy: The DCR Framework
	5.3 Data Collection and Sources
	5.4 Document Coding and Analytical Procedure
	5.5 Methodological Limitations, Reflexivity, and Ethics

	6 ANALYSIS: IMPLEMENTING THE SMART GREEN CITY IN MILAN
	6.1 Mapping the Policy Landscape (The Describe Phase)
	6.2  Governance Dynamics: Alignment and Friction (The Compare Phase)
	6.3 Urban Outcomes: Navigating the Implementation Gap (The Relate Phase)

	7 DISCUSSION
	7.1 Summary of Main Findings
	7.2 Interpretation and Comparison with Existing Literature
	7.3 Theoretical Implications: Assemblage and Adaptive Capacity

	8 CONCLUSION

