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Artificial intelligence is increasingly deployed
to optimise urban energy systems, transport
networks, and housing markets. However, its
infrastructure frequently reproduces structural
inequalities, imposing environmental and social
costs onto marginalised communities whilst
concentrating benefits among capital-holding
actors. This paper argues hypothesis that Al
urbanism, as currently embedded within existing
urban political economies, functions as a
mechanism of cost externalisation rather than
public service optimisation: efficiency gains
accrue to capital-holding actors whilst costs are
displaced onto marginalised communities and
peripheral territories. This study adopts a
qualitative, critical analytical approach, combi-
ning a systematic literature synthesis with
comparative case studies across three urban
domains of energy, transport, and housing,
drawing on evidence from both the Global North
and the Global South. The informational basis
combines peer-reviewed scholarship, intergo-
vernmental reports, and investigative journalism.
The study relies on secondary sources, which
constitutes its principal limitation alongside the
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LImyunuii inmenexm (L) dedani axmusniwe
81POBAOICYEMBCS 8 MICbKI CUCmeMU, 30Kpema 8
eHepeemuYHi Mepedicl, mpaHcnopmHy iHpacmpyx-
mypy ma punoxk ocumiaa. Ilpome tioco ingpa-
CMPYKMYpa 4acmo 8iOmeoproe CMpyKmypHy Hepie-
HICMb, OCKIIbKU eKONOIUHI Ma COYIANbHE BUmMpamu
HenponopyitiHo NOKIA0AMbC sl HA MAPSIHANIZ08AHI
2pomadu, mooi K GU200U KOHYEHMPYIOMbCS Cepeo
MUX, Xmo MAc Kaniman ma H@pacmpyKmypHy
enady. Bucymymo cinomesy, wo LLI-ypbanizm,
60Y008aHUIL Y MICHKI NOJMUYHI eKOHOMIL, (DYHKYIO-
HY€ SIK MEXAHI3M eKCMepHAi3ayii eumpam, a He K
onmumizayis nyomuHuUX nocuye. Aneopummiuni
cucmemu 8 YbOMY KOHMEKCMI CHPUSAIONb KOHYEHIM-
payii echexkmuerocmi, pecypcis i npubymis ceped
KanimaaoMicmKux akmopis, mooi sk eKon02iyHi ma
COYIANbHI PUUKU HeNPONOPYINIHO NOKIAOAMbCs
Ha MAap2iHani308aHi 2pynu HACeNleHHs. 3acmoco-
6aHO  AKICHUU  KPUMUYHO-AHATIMUYHULL  NIOXIO,
NOEOHYIOUU CUCMEMAMUYHUL CUHME3 Jimepamypu
3 NOPIBHANLHUMU Kelcamil Y MpPbOX OOMEHAX:
eHepaemuyi, MpaHcnopmi ma JICUMI080MY CeK-
mopi, 3 dokazamu sx 3 kpain I 1obansnoi Ilienoui,
mak i 3 kpain [o6anvnoeo Ilieons. Inghopmayitiny
bazy CmMaMoGIAMb PEYeH306aHI HAYKOGI npayl,
MIDICYpA006i  OONOGIOi Mma Mamepian HCypHa-
JECMCOKUX  po3CTioyéanb.  Pesymomamu  ananizy
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rapidly evolving nature of Al governance. The
analysis revealed that Al data centre infrastruc-
ture in Mesa, Arizona, extracted 5.5 million cubic
metres of water annually whilst residential
construction permits were simultaneously revo-
ked due to aquifer depletion. In Caucaia, Brazil,
a proposed data centre would consume electricity
equivalent to 2.2 million households, exempli-
fying computational colonialism in peripheral
economies. In transport, the Waze for Cities
programme in Joinville, Brazil, created extractive
data dependency that undermined municipal
governance capacity, whilst Singapore’s publicly
governed system demonstrated that equitable
outcomes are achievable under different gover-
nance architectures. In housing, Barcelona’s Sant
Marti district experienced algorithmic amplifi-
cation of gentrification, displacing low-income
residents despite environmental improvements.
The paradox of Al urbanism is sustained not by
technical failure but by the political economy in
which these systems operate. The study provides
recommendations for municipal authorities to
implement public data trusts, participatory
governance mechanisms, and wellbeing-oriented
optimisation metrics, ensuring that Al-driven
urban systems serve collective wellbeing over
capital accumulation.

Keywords: Al urbanism, urban sustaina-

bility, algorithmic inequality, computational
colonialism, data sovereignty, political economy.

JEL Classification: R10, R58, 033, L86, Q50.

Introduction

noKazanu, wio iHgpacmpykmypa yeHmpie 06pooKu
oanux y m. Meci (wumam Apizona) cnooicusana
wopiuno 5.5 man m® 600u, mooi sk 003601 HA HOGE
HcUmMII08e OYOiGHUYMBO OOHOYACHO CKACOBYBANUCS
uepes  GUCHAJICEHHSI B0OOHOCHUX — 20PU3OHIMIE.
Y Kayxaiii (Bpasunis) 3anponoHosanuti yeump
00pOOKU OGHUX CROXCUBA8 OU eleKmMpPOeHePaito,
exeiganenmuy nompeoam 2.2 MIH 0OMO20CHO-
oapcms. Y cghepi mpancnopmy npoepama Waze for
Cities y )Kyansini (bpaszunis) cmeopuna 3anesic-
Hicmb 8I0 npusamHoi niameopmu, wo niopusana
MYHIYURAAbHULL  Cy8epeHimem OaHux, mooi 5K
nybniuno keposana cucmema Cumeanypy npooe-
MOHCIPYBANA OOCAICHICIb CHPABEOTUBUX Pe3)ilb-
Mmamie 3a iHWUX yMo8 ynpasninHa. Y cehepi scumaa
pation Canm-Mapmi y Bapcenoni 3aznae ancopum-
MIYHO20 — NOCWIeHHs  OdceHmpuikayii, — wo
npu3eeno 00 UMICHEHHs MAN03a0e3NeHeHUX Meui-
KaHuyié MNOnpu eKonoeiyHi noxpawenus. Bcma-
HogneHo, wjo napadoxc LL-ypbanizmy 3ymoeneHuil
He MexXHIYHUMU 3005MU, A NOATMUYHOIO eKOHOMIEIO,
6 AKil pyHryionyroms yi cucmemu. Cepopmosano
peKoOMeHOayii O MyHIYUNATbHUX Op2aHié enaou
WOO00 BNPOBAONHCEHHS NYONIUHUX 008IPpUUX POHOI6
oanux, Mexawizmie NapmuyUNAmueHo20 Ynpae-
JIHHA Ma MempuK onmumizayii, OpiEHMOBAHUX HA
000pobym, 3 memoio 3abesneuumu  QYHKYIO-
HYBaHHA Micbkux cucmem Ha ochogl LI 6
inmepecax 000poOymy, a He Ol HAKONUYEHHS
xanimarny.

Kniouoei cnosa: I1lll-ypbanizm, wMichka
CTaJliCTh, AITOPUTMIYHA HEPIBHICTH, OOYHCITIO-
BaJIbHUH KOJIOHIaNi3M, CYBEpeHITeT HaHWX, IOJi-
THYHA €KOHOMISL.

Algorithmic systems have become foundational instruments for

governing urban infrastructure, enabling cities to coordinate energy
consumption, regulate traffic flows, and administer housing allocation at
unprecedented scales. Yet the widespread enthusiasm for Al’s problem-
solving capacity coexists with a structural paradox: the very systems
designed to optimise urban life frequently reinforce the material and political
inequalities they claim to address. The proposed data centre in Caucaia,
Brazil, illustrates this tension concretely: community protests exposed how
the facility’s environmental burdens on a water-stressed region were
systematically disregarded, revealing how optimisation logics operate in
ways that override local ecological and social thresholds (Martins &
Amorim, 2025).

The hypothesis underlying this study is that Al urbanism, as embedded
within existing urban political economies, functions as a mechanism of cost
externalisation rather than public service optimisation: efficiency gains are
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systematically captured by capital-holding actors whilst environmental,
governance, and social costs are displaced onto marginalised communities
and peripheral territories. This analysis builds upon and expands the
theoretical framework initially proposed in the author’s preliminary study on
algorithmic systems in urban contexts (Tonon, 2025). The hypothesis is
tested through a critical synthesis of urban studies, political ecology, and
technology governance literature, structured around comparative case studies
across three domains, with cases drawn from both the Global North and the
Global South.

Within urban contexts, Al urbanism describes the growing influence of
algorithmic systems on spatial planning, infrastructure management, resource
distribution, and governance structures (Cugurullo et al., 2024). Central to this
paradigm is optimisation: a logic that seeks to improve outcomes through data-
driven prediction and control. Yet aligning Al with the Sustainable Development
Goals remains structurally ambiguous. Whilst Al can facilitate the achievement
of 134, or 79%, of SDG targets across several dimensions, it simultaneously risks
hindering 59, or 35%, of targets across social, economic, and environmental
dimensions (Vinuesa et al., 2020). These tensions confirm that optimisation is
never a neutral technical operation, but one shaped by the political economies
and governance architectures in which Al systems are embedded (Vinuesa
et al., 2020; Cugurullo et al., 2024).

This study adopts a qualitative, critical analytical approach,
combining a systematic literature synthesis with comparative case analysis
across three urban domains. Cases were selected from both the Global North
and the Global South, following a logic of maximum variation to assess
whether identified patterns are geographically contingent or structurally
determined. The reliance on secondary sources constitutes the study’s
principal methodological limitation; however, this is consistent with its
theoretical objectives, which seek to identify structural patterns rather than
generate primary empirical data. The analysis builds upon the preliminary
framework developed in Tonon (2025) and extends it through an explicit
economic dimension.

The article is structured as follows. Section 1 surveys the measurable
advances in urban sustainability that Al enables across energy, transport, and
housing, establishing that the critique targets Al’s current political-economic
embedding rather than its technical potential. Section 2 examines material
contradictions and structural inequalities produced across the same three
domains through paired case studies from the Global North and Global
South. Section 3 analyses the economic mechanisms that explain why these
patterns persist. Section 4 considers the institutional conditions necessary for
more equitable Al governance. The conclusions synthesise the findings and
position the study’s contribution to the critical Al urbanism literature.
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1. Advances in sustainability

Proponents of Al urbanism argue that algorithmic optimisation
delivers measurable improvements in resource efficiency, pollution
reduction, and infrastructure management across energy, transport, and
housing sectors (OECD, 2019). This section examines three domains where
Al evidently advances sustainability metrics, whilst maintaining critical
awareness that efficiency gains do not automatically translate into equitable
or ecologically sustainable outcomes.

1.1. Energy: smart grids and renewable integration

Al-driven smart grids revolutionise urban energy systems by
dynamically balancing supply and demand, integrating variable renewable
sources, and reducing overall consumption. Machine learning algorithms
predict consumption patterns and coordinate renewable energy sources,
utilising satellite imagery to create emissions predictions essential for power
system optimisation and disaster management (UN-Habitat, 2022). This
capacity is particularly valuable in smart cities, where energy consumption
fluctuates with weather conditions, time of day, and population density.
Barcelona exemplifies this implementation, applying Al-powered solutions
in smart lighting and waste management to measurably reduce energy
consumption and carbon footprints (Singh & Shah, 2024).

1.2. Transport: route optimisation and emission reduction

Algorithmic transport optimisation targets congestion reduction,
emission minimisation, and mobility efficiency through interconnected
systems aligned with SDGs 11.2, 11.3, and 11.6 (UN-Habitat, 2022). Al
systems manage traffic flow by analysing real-time sensor and camera data,
enabling dynamic signal adjustments and vehicle rerouting that significantly
reduce congestion (UN-Habitat, 2022). Singapore’s traffic management
system demonstrates this potential at scale, substantially reducing congestion
and travel times whilst anticipating potential incidents (Singh & Shah, 2024).
This case is instructive precisely because, as Section 2 will show, such
outcomes depend fundamentally on governance architecture rather than
technology alone.

1.3. Housing: building management and resource efficiency

Smart building technologies apply Al to optimise energy, water, and
occupant comfort simultaneously, addressing SDGs 11, 9, 12, 7, and 3 (UN-
Habitat, 2022). Integrated with 10T sensors, these systems enable continuous
monitoring, proactive maintenance, and automated temperature control
(Singh & Shah, 2024). Mehdi (2018) documents 25 to 35% reductions in
energy consumption through such automated systems.
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These applications demonstrate Al’s technical capacity for measu-
rable efficiency improvements. The following section examines the critical
questions they raise: efficiency for whom, at what hidden costs, and through
what governance structures?

2. Material contradictions and structural inequalities

The material infrastructure sustaining Al-driven urbanism, compri-
sing data centres, computational networks, and digital platforms, places
enormous demands on water and energy systems already under pressure from
climate change (Lee, 2025). These burdens fall disproportionately on vulnerable
communities across the Global North and South (Sharma et al., 2023). Rather
than redistributing resources equitably, Al systems operationalise a logic of
capital accumulation, embedding patterns of extraction characteristic of
colonial resource regimes within the governance structures of ostensibly
progressive smart cities (Cugurullo, 2021). The following case studies
demonstrate how this logic generates economic asymmetry across energy,
transport, and housing, producing systematic cost externalisation onto
marginalised populations whilst concentrating benefits among technology
corporations and high-income urban residents (Sharma et al., 2023).

2.1. Energy: water extraction and computational colonialism

Al-driven energy optimisation masks significant material contra-
dictions: computational infrastructure consumes water at scales that threaten
community access in water-stressed regions (Barratt et al., 2025). Data
centres are frequently sited in arid regions to minimise corrosion,
paradoxically concentrating consumption precisely where water is scarcest.
One study projects Al-driven facilities could consume up to 1.7 trillion
gallons globally by 2027 (Fleury & Jimenez, 2025).

Mesa, Arizona. In Mesa, Arizona, a region experiencing extreme
drought, authorities permitted Google’s data centre to extract 5.5 million
cubic metres of water annually, equivalent to the annual consumption of
23,000 residents. This occurred whilst residential construction permits were
revoked due to aquifer depletion. The decision reveals a political-economic
hierarchy in which corporate infrastructure investment takes precedence over
community need: the same resource whose scarcity was being used to deny
housing permits was simultaneously being allocated to a private data centre.
Recent investigations identified 632 existing data centres, including
38 already located in water-stressed areas and another 24 under development,
collectively representing a 78% increase in planned capacity, placing Mesa
within a systematic pattern (Barratt et al., 2025).

Caucaia, Brazil. The proposed TikTok data centre in Caucaia, Brazil,
exemplifies computational colonialism: resource extraction from peripheral
regions sustaining centralised digital infrastructure (Cugurullo, 2021).
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The facility would consume electricity equivalent to 2.2 million homes,
exceeding 99.9% of Brazilian municipalities’ per-capita use, and would rank
as Brazil’s seventh-largest electricity consumer as a single entity (Martins &
Amorim, 2025). The asymmetry is stark: the data centre would generate
digital value for global platforms whilst imposing energy and water burdens
on a water-stressed region with limited capacity for legal or political
contestation. Community protests against the facility reveal that the affected
population recognised this asymmetry clearly, even when regulatory
frameworks did not (Martins & Amorim, 2025).

Together, Mesa and Caucaia reveal that the logic of externalisation
operates consistently across distinct regulatory and geographic contexts:
costs are imposed on communities selected precisely because their capacity
to resist is weakest. This is a structural feature of how Al infrastructure is
deployed, not an incidental failure (Cugurullo, 2021; Sharma et al., 2023).

2.2. Transport: data extraction and municipal sovereignty

The political economy of Al transport optimisation is characterised by
structural economic asymmetry: platform corporations extract commercially
valuable municipal datasets whilst providing minimal reciprocal benefit,
systematically diminishing local governance capacity and concentrating
analytical power within private technology corporations (UN-Habitat, 2022).
Smart mobility systems thus function less as instruments of public service
than as mechanisms of data extraction and capital accumulation. Through
network effects and proprietary data architectures, platform corporations
position themselves as indispensable intermediaries, generating a form of
cost externalisation whereby the public investment required to produce
valuable urban data is borne by municipalities, whilst the economic returns
accrue entirely to private platforms (Hiroki, 2021; Sharma et al., 2023; UN-
Habitat, 2023).

Singapore. Singapore’s Al-assisted traffic management demonstrates
what is technically achievable when algorithmic systems are deployed within
strong public governance frameworks. The city-state retains public
ownership of its transport data infrastructure, enabling Al optimisation to
serve collective mobility goals rather than platform profit. The result is a
system that genuinely reduces congestion and travel times whilst maintaining
public accountability, instructive as evidence that Al outcomes depend
fundamentally on governance architecture: who owns the data, who sets the
targets, and to whom the system is accountable (Singh & Shah, 2024).

Joinville, Brazil. The contrast with Joinville, Santa Catarina, is
instructive. The city’s participation in the Waze for Cities programme created
a dependency in which the platform retained software ownership and patents
whilst providing only filtered, partial information insufficient for medium-
or large-scale traffic planning (Hiroki, 2021). Although municipal officials
recognised the imbalance, Waze’s market dominance left few alternatives.
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This dynamic reproduces colonial extraction patterns: data flows from the
periphery to the core, whilst analytical capacity concentrates in Global North
corporate headquarters, weakening municipal data sovereignty and limiting
autonomous policymaking aligned with community needs (Hiroki, 2021,
Sharma et al., 2023). This vulnerability is particularly acute in Global South
cities, where limited budgets and expertise create greater exposure to
exploitative data arrangements (Hiroki, 2021; Sharma et al., 2023).

Singapore and Joinville demonstrate that the Al paradox in transport
is not technical but political: the same algorithmic tools produce radically
different outcomes depending on who controls the data and what governance
frameworks protect public interests.

2.3. Housing: algorithmic discrimination and access barriers

Al housing systems reproduce and amplify existing discrimination,
creating algorithmic barriers that restrict access for marginalised
communities whilst optimising markets for investor profit rather than
residential need (Rosen & Garboden, 2024; Sharma et al., 2023). Research
on the US housing market demonstrates that Al-driven systems reproduce
racial discrimination, systematically restricting access for racialised
minorities in ways that mirror historical patterns of exclusion (Rosen &
Garboden, 2024). Machine learning models treat discrimination as a signal
rather than a bias to be corrected, thereby reinforcing racist market structures
(Cugurullo & Xu, 2025). Algorithmic opacity obscures these dynamics,
limiting accountability and enabling corporations to maintain plausible
deniability (Cugurullo & Xu, 2025; Lee, 2025; Sharma et al., 2023).

Barcelona. Barcelona’s Sant Marti district illustrates how
environmental improvements, mediated by algorithmic housing systems, can
accelerate displacement of the very communities they were ostensibly
designed to benefit. Between 1992 and 2006, the creation of 18 parks
attracted higher-income residents: adults with university degrees rose by
27.92% and household income by 26.7%, far above district-wide trends
(Anguelovski et al., 2018). Market algorithms classified the area as a high-
return zone whilst labelling vulnerable residents as high risk, channelling
investment and driving up costs. Low-income populations were consequently
displaced to Nou Barris, where algorithmic systems continued to rate the
neighbourhood negatively despite the presence of green amenities,
reinforcing structural inequalities (Anguelovski et al., 2018; Sharma et al.,
2023; UN-Habitat, 2022).

Sant Marti reveals a deeper contradiction: Al does not cause
gentrification but amplifies and accelerates it, identifying investment
opportunities whilst simultaneously flagging existing residents as financial
risks (Othengrafen et al., 2025). This transforms environmental improvement
into a mechanism of displacement, making the process harder to contest and
easier to conceal behind ostensibly neutral data-driven decision-making.
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These contradictions reveal Al urbanism’s fundamental tension with
genuine sustainability (Cugurullo, 2021; Sharma et al., 2023): energy
systems extract water from drought-stressed communities, transport plat-
forms extract data from municipalities, and housing algorithms extract access
from marginalised residents, all whilst claiming optimisation. What unites
these three domains is a shared economic logic: the externalisation of costs
onto those least able to contest them, and the internalisation of gains by those
who control infrastructure and capital. The following section examines the
mechanisms through which this logic is reproduced.

3. Economic dimension: the political economy of Al urbanism

The contradictions documented across the three domains are not
incidental outcomes of imperfect implementation. They reflect the political
economy within which Al urbanism operates: a structure that systematically
generates economic efficiency for those who hold capital and infrastructure
power, whilst producing systematic cost externalisation onto communities and
municipalities that do not. Three interconnected mechanisms of economic
asymmetry sustain this pattern (Cugurullo, 2021; Sharma et al., 2023).

First, the concentration of Al infrastructure investment among a small
number of global platform corporations enables these actors to extract
favourable terms from host governments, including tax incentives, subsidised
energy tariffs, and loosened environmental permitting (IEA, 2024).
Corporations thus capture the economic value of urban data and Al services
whilst externalising infrastructure costs such as water depletion onto local
communities and public budgets. Mesa and Caucaia exemplify this: in both
cases, scarce public resources were allocated to private digital infrastructure
through governance frameworks that prioritised corporate investment over
community need (Barratt et al., 2025; Martins and Amorim, 2025).

Second, the commodification of urban data creates persistent
asymmetries between platform corporations and municipalities. As the
Joinville case illustrates, proprietary platforms extract commercially valuable
datasets from public infrastructure investment, monetising traffic patterns,
mobility behaviour, and spatial demand signals through advertising and
logistics optimisation, whilst municipalities receive only partial, filtered
information in return (Hiroki, 2021). This redistribution of urban surplus
from public institutions towards technology corporations weakens the fiscal
and institutional base from which municipalities might otherwise develop
autonomous, equity-oriented policies.

Third, in housing markets, Al amplifies existing capital advantages by
enabling institutional investors to act on investment signals at a speed and
scale unavailable to individual households or municipal governments
(Othengrafen et al., 2025). Barcelona demonstrates this amplification:
algorithmic systems did not introduce gentrification to Sant Marti, but
accelerated and deepened it in ways that manual market analysis could not
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match. These three mechanisms interact and reinforce one another, which is
why piecemeal technical reforms consistently produce limited results: the Al
paradox is sustained not by flawed algorithms, but by the political economy
in which they operate (Cugurullo, 2021; Sharma et al., 2023).

4. Conditions of possibility

If the paradox of Al urbanism is structural rather than incidental, as
the preceding analysis demonstrates, then addressing it requires structural
responses: not better algorithms, but different ownership arrangements,
different governance architectures, and different definitions of what
optimisation is for. Three transformations emerge as essential: public data
sovereignty (UN-Habitat, 2022), democratic participation in design
processes (Othengrafen et al., 2025), and optimisation metrics prioritising
justice alongside efficiency (Sharma et al., 2023). These are not independent
recommendations but interconnected conditions, and none is sufficient
without the others.

4.1. Public data sovereignty and municipal ownership

Municipal and cooperative data ownership enables alternative
outcomes prioritising equity alongside efficiency. Barcelona’s Decidim
platform demonstrates this possibility: a free, open data commons
infrastructure for participatory democracy that achieves high implementation
rates for citizen proposals (Bernardi, 2019). However, Caucaia’s resistance
against data centre infrastructure reveals that public ownership alone proves
insufficient without robust accountability mechanisms and capacity to
contest corporate power (Martins & Amorim, 2025). Data sovereignty must
combine legal ownership with institutional capacity-building and community
technical expertise, as the contrast between Decidim and the Joinville
arrangement illustrates: the difference is not technical but political (Bernardi,
2019; Hiroki, 2021; UN-Habitat, 2022).

4.2. Participatory governance

Democratic participation in Al system design challenges technocratic
decision-making that excludes affected communities. Effective participation
requires more than consultation; it demands redistributing decision-making
power over algorithmic systems, including community oversight of data
practices, transparent audits, and mechanisms to contest automated decisions
(Sharma et al., 2023; UN-Habitat, 2022). The resistance to Caucaia’s
proposed data centre demonstrates how organised communities can oppose
corporate infrastructure even when regulatory frameworks fail them, though
their capacity to participate remains limited when state decisions override
local mobilisation (Martins & Amorim, 2025). Genuine participatory
governance therefore requires legal frameworks protecting community veto
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power, binding consultation requirements, and resources for communities to
develop the technical capacity necessary for meaningful engagement
(Cugurullo, 2021).

4.3. Alternative metrics

Reconceptualising optimisation metrics challenges the growth-oriented
logic embedded in Al urbanism. Doughnut Economics offers an alternative
framework prioritising ecological sustainability and social equity over GDP
expansion (Raworth, 2017; DEAL, 2024). More than 70 cities worldwide are
exploring adoption through DEAL’s Data Portrait of Place, a tool generating
holistic assessments of local social and ecological performance (DEAL, 2024).
By establishing legitimate wellbeing metrics, the framework helps
municipalities resist profit-maximising optimisation logics (Raworth, 2017).
Yet implementation faces major barriers: the computational colonialism
documented in Caucaia shows the consequences of leaving profit-driven
optimisation unchallenged, whilst Barcelona’s green goods polarisation
demonstrates how environmental improvements produce inequitable outcomes
when distributional concerns are sidelined (Anguelovski et al., 2018; Martins &
Amorim, 2025). Alternative metrics must therefore be paired with governance
reforms ensuring algorithmic systems advance collective welfare, constrained
as they are by corporate resistance and structural power asymmetries favouring
capital over communities (Sharma et al., 2023).

Conclusions

Al generates measurable gains in renewable integration (Vinuesa
et al., 2020), mobility optimisation (Singh & Shah, 2024), and building
performance (UN-Habitat, 2022). Yet its infrastructures frequently externa-
lise socioecological harms, from water extraction in drought-stressed regions
(Barratt et al., 2025) to the erosion of municipal data sovereignty
(Hiroki, 2021) and discriminatory housing outcomes (Anguelovski et al., 2018;
Rosen & Garboden, 2024). Its impact, therefore, turns not on technical
capacity but on governance structures shaped by corporate control and
uneven resource flows, which reproduce forms of computational colonialism
(Cugurullo, 2021; Sharma et al., 2023).

The case studies demonstrate that these patterns are not geographically
confined or sectorally specific. In energy, Mesa and Caucaia reveal how
infrastructure costs are imposed on communities selected for their limited
capacity to resist. In transport, Singapore and Joinville show that the same
tools produce radically different outcomes depending on who owns the data.
In housing, Barcelona’s Sant Marti illustrates how Al transforms environ-
mental improvement into a mechanism of displacement.

These patterns persist because they are sustained by a political
economy that concentrates Al’s benefits among capital-holding actors whilst
externalising its costs. Achieving genuine sustainability, therefore, requires
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moving beyond tech-centric approaches towards transforming ownership
structures, governance models, and optimisation logics themselves
(Cugurullo, 2021; Sharma et al., 2023). Public ownership of data
infrastructures, participatory institutions with enforceable community rights,
and optimisation metrics aligned with collective wellbeing rather than profit
are not supplementary considerations; they are the conditions under which
Al urbanism could begin to deliver on its sustainability promise.

This paper contributes to the critical Al urbanism literature by
demonstrating that the paradox of algorithmic urban governance is not a
technical malfunction but a structural feature of the political economies in which
these systems operate. It advances the debate by proposing that genuine urban
sustainability requires institutional transformations in data ownership,
governance participation, and optimisation metrics, rather than incremental
adjustments to existing algorithmic systems. For scholars of urban economics,
the findings suggest that Al infrastructure investment follows the same logic of
rent extraction and cost socialisation that characterises urban development more
broadly: the question is not whether Al is good or bad for cities, but who
captures the value it creates and who absorbs the costs it generates. Answering
that question is both an analytical and a political task.
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