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Project description

The rapid expansion of data centers is transforming the spatial and energy landscape of
contemporary societies. These facilities underpin the digital economy and the ongoing
development of artificial intelligence, yet their operation requires large and geographically
concentrated flows of electricity, water, and land resources. As their number continues to grow,
data centers are emerging as key actors shaping the evolution of regional energy systems and
urban infrastructure. In the United States alone, thousands of facilities are currently in operation,
with projections indicating sustained growth in the coming years.

Despite their increasing relevance, the mechanisms governing the spatial distribution of data
centers and the consequences of their proliferation for clean electricity deployment remain poorly
understood. Existing studies have primarily focused on technological performance and efficiency
considerations, whereas quantitative frameworks capable of explaining where data centers are
located and how their presence alters the functioning of energy systems are largely missing. A first
step in this direction has been made by Porfiri’s lab in a recent study, which analyzes the spatial
distribution of data centers in the US across different geographical levels, as well as the drivers
behind their spatial logic.

The overarching objective of the proposed project is to investigate the evolution over time of the
siting of data centers and to elucidate their implications for the planning and operation of clean
electricity infrastructure. Central to this effort is the hypothesis that siting decisions are not
independent events, but rather reflect structural interdependencies among socioeconomic
conditions, infrastructural constraints, environmental factors, and the need to locate near end
users and major demand centers, operating across multiple spatial scales. Understanding these
interdependencies is essential for anticipating future electricity demand patterns and designing
resilient strategies for integrating renewable energy sources into rapidly evolving urban systems.

The specific scientific questions addressed in this project can be grouped into three interconnected
themes.

1. Drivers of large-scale spatial organization. What roles do energy market structures,
regulatory incentives, and population scaling play in shaping the distribution of data centers
across regions? Do these factors give rise to persistent spatial patterns that can be interpreted as
emergent properties of coupled infrastructure systems?

2. Local mechanisms of siting and clustering. How do transmission capacity, broadband
availability, water stress, exposure to natural hazards, and existing infrastructural assets influence
the likelihood that a new facility will be deployed within a given urban area? To what extent do
data centers exhibit collective behavior through clustering and reinforcement processes?

3. System-level implications for clean electricity planning. How do alternative siting
configurations affect grid reliability, renewable integration, and congestion patterns? Can optimal
deployment strategies be formulated to balance computational growth with sustainability
objectives?

To address these questions, the student will develop a data-informed modeling framework
grounded in spatial statistics, network science, and dynamical systems theory. Temporal and
spatial dependencies among siting events will be inferred from large-scale empirical datasets
describing data center characteristics and regional infrastructure conditions. In particular,
exponential random graph models will be employed to distinguish structural drivers of spatial
organization from location-specific effects.




Insights from these statistical analyses will steer the formulation of dynamical models describing
the co-evolution of electricity demand, renewable generation, micro- and nano-grid opportunities,
and infrastructure capacity. These models will be used to investigate how siting decisions
propagate through interconnected energy systems and to evaluate their impact on reliability and
emissions. Building on this framework, reinforcement learning and optimal control techniques will
be applied to explore alternative deployment scenarios and identify strategies that improve the
utilization of clean electricity while mitigating stress on transmission networks.

The proposed research combines rigorous mathematical modeling with analysis of large-scale
observational data, aiming to uncover general principles governing the spatial organization of
digital infrastructure and its interaction with regional energy systems.

Relevance to the MERC PhD Program

The proposed project is strongly aligned with the interdisciplinary vision of the MERC PhD
program, as it addresses a complex societal challenge at the interface of urban systems, energy
sustainability, and network dynamical modeling. Understanding how the rapid expansion of data
centers reshapes electricity demand, infrastructure resilience, and regional development requires a
truly integrative approach combining mathematical theory, data-driven inference, and
engineering insight.

Methodologically, the project offers an exceptional training opportunity in advanced tools for
analyzing complex systems. The student will develop expertise in spatial statistics, network
science, time-series analysis, and control-oriented learning methods, gaining the ability to
formulate and test mechanistic hypotheses using large-scale observational data. These
competencies will enable the student to contribute to ongoing efforts aimed at understanding and
managing interconnected urban and technological systems.

Beyond theoretical development, the project will expose the student to real-world datasets and
decision-making contexts related to energy infrastructure planning and sustainable technological
growth. By integrating empirical analysis with predictive modeling and scenario exploration, the
doctoral research will foster the capacity to translate fundamental scientific knowledge into
quantitative tools with practical relevance for utilities, regulators, and technology providers.

The interdisciplinary nature of the supervisory environment and the international dimension of the
research activities will further develop the student’s training, promoting communication skills
across disciplinary boundaries and the ability to operate in diverse scientific settings.

The project represents a valuable opportunity to acquire transferable expertise at the frontier of
complex systems science while addressing a problem of growing global importance.
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Joint supervision arrangements

The supervisors have complementary expertise in dynamical systems, network science, spatial
modeling, and urban energy transitions, and maintain regular scientific interactions through
collaborative research activities and seminars at New York University and partner institutions. The
student will therefore be embedded in a highly interdisciplinary environment, benefiting from
continuous exposure to both methodological developments in complex systems science and
applied challenges in energy and urban infrastructure planning.

The frequency and structure of supervisory meetings will depend on the stage of the doctoral
research. During periods devoted to methodological training or literature review, group meetings,
involving all supervisors, are expected to take place approximately twice per month. In phases
focused on model development, data analysis, or manuscript preparation, more frequent one-to-
one meetings with individual supervisors will be scheduled, typically on a weekly basis or as
needed.

Regular research workshops, seminars, presentations, and collaborative activities will provide
additional opportunities for feedback and interaction with a broader network of researchers
working on related topics. This structure is intended to foster both intellectual independence and
close scientific guidance throughout the doctoral project.

Location and length of the study period abroad

The primary host institution for the study period abroad will be the New York University Tandon
School of Engineering, located in the Brooklyn MetroTech Area in New York City. The student will
be affiliated with the Center for Urban Science and Progress (CUSP) and the Dynamical Systems
Laboratory, both internationally recognized hubs for interdisciplinary research on complex urban
and technological systems.

These research environments provide access to advanced computational resources, extensive
urban and energy datasets, and a vibrant academic community spanning engineering, applied
mathematics, data science, public policy, geospatial science, and the social sciences. By leveraging
New York City as a living laboratory, the student will gain direct exposure to real-world challenges
related to infrastructure planning, sustainability, and technological innovation.

During the period abroad, the student will be fully integrated into the scientific activities of the
host research groups, including seminars, focused training initiatives, collaborative projects, and
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interactions with external partners from industry and public institutions. Participation in ongoing
research initiatives on urban energy transitions and networked infrastructure systems will further
enrich the doctoral training.

A study period of 12 months abroad is envisaged to make sure that there is sufficient time for
methodological development, data collection, and integration into the supervisors’ research
teams. The exact timing and distribution of visits will be determined in consultation with the
supervisors, taking into account the evolving needs of the research project and the student’s
training objectives.

Any other useful information

The proposed research builds on ongoing interdisciplinary efforts to understand and control
emerging behaviors in large-scale networked infrastructure systems. In particular, recent
advances in the analysis of evolving dynamical networks provide a conceptual and methodological
foundation for investigating how the spatial deployment of data centers interacts with urban
energy systems and contributes to the emergence of collective patterns in electricity demand,
infrastructure stress, and renewable integration. The student will benefit from existing research
activities led by Prof. De Lellis and Prof. Porfiri on network inference and control, as well as from
complementary work by Prof. Rozhkov on complex-systems approaches to urban energy
transitions and spatial planning of electricity systems and policies. These synergies are expected
to create a virtuous cycle between theoretical developments and empirical investigations carried
out within the doctoral project.

The student will be primarily hosted at the Center for Urban Science and Progress (CUSP) at the
NYU Tandon School of Engineering, an interdisciplinary research center dedicated to the
guantitative study of urban processes and technological infrastructures. Established through a
partnership between New York University and the City of New York, CUSP promotes the
integration of engineering, data science, applied mathematics, and public policy to address
complex challenges faced by contemporary cities. CUSP maintains strong collaborations with city
agencies, industry partners, and non-profit organizations, providing opportunities for project-
based internships and applied research experiences. These convergent activities position CUSP at
the forefront of research on urban systems and infrastructure transitions.

Prof. Porfiri directs the Dynamical Systems Laboratory and contributes to several interdisciplinary
initiatives on networked systems and human—technology interactions. Through participation in
seminars, workshops, and collaborative projects organized within CUSP and related research
programs, the student will engage with a broad network of scholars working on complex urban
and energy challenges. This environment is expected to support the development of rigorous
methodological skills together with the ability to address societally relevant problems related to
the sustainable growth of digital and energy infrastructures.




