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Abstract

The modern technical university is undergoing a fundamental evolution, shifting from a
traditional model of isolated academic inquiry to one of systemic, macroeconomic intervention.
Within the context of the European Union’s pursuit of technological sovereignty, academic
institutions must increasingly function as geopolitical anchors - hubs of advanced research that
directly counteract supply chain vulnerabilities and drive the transition toward a climate-neutral,
digitally resilient economy. This article examines the strategic architecture of the deep-tech
ecosystem at the National University of Science and Technology POLITEHNICA Bucharest as a
premier case study of this paradigm shift. Rather than an aggregation of disjointed capital
expenditures, the university has constructed a highly orchestrated, unified infrastructural matrix
designed to aggressively execute the mandates of the European Digital Decade and the European
Green Deal.

This paper analyses how foundational capital investments in the CAMPUS and PRECIS
research institutes created the institutional gravity necessary to enable a complete hardware-
software continuum. This continuum seamlessly interlocks extreme-scale artificial intelligence
computing (the HRIA / RO AI Factory), unbreakable terrestrial quantum communications
(RoNaQCi), and next-generation semiconductor microelectronics and prototyping (NanolC,
PNTS, and IPCEI ME/CT). To sustainably power this digital architecture without compromising
climate objectives, the ecosystem integrates advanced zero-carbon energy frameworks,
specifically focusing on hydrogen economies (Ro-HydroHub) and advanced nuclear energy
deployment (SMR simulators and the PRO ALFRED Generation IV demonstrator).

Supported by the real-world application layer of National Competence Centers and
benchmarked by the frontier scientific excellence of European Research Council (ERC) grants,
this "triple helix" model binds academic activities, the commercial industrial base, and proactive
governmental policy. Ultimately, this paper outlines how strategically interlocked research
infrastructures engineer macroeconomic resilience, reverse regional brain drain and transform the
national economy from a passive consumer of imported technology into a sovereign, active
contributor to the European industrial base.



ARA Journal of Sciences, nr 9 (2026) | 13

1. Introduction

The evolution of the modern technical university reflects a structural departure from
historical norms of isolated academic education services. In an era defined by global supply
chain volatility and aggressive geopolitical competition, higher education institutions are
increasingly required to operate as macroeconomic intervention mechanisms. Within the
European Union, the dual mandates of the Digital Decade and the European Green Deal
demand the rapid cultivation of sovereign technological capabilities to mitigate
dependencies on external platforms and highly concentrated trans-Pacific manufacturing
nodes. Consequently, elite academic institutions must now act as geopolitical anchors,
fostering localized deep-tech ecosystems capable of sustaining industrial sovereignty.

The National University of Science and Technology POLITEHNICA Bucharest
(UNSTPB) serves as a model of this paradigm shift. The recent deployment of massive
research infrastructures at UNSTPB transcends the traditional, disjointed capital
expenditure approach. Instead, it embodies a highly orchestrated, unified strategic vision.
By deliberately interlocking high-performance computing (HPC), quantum cryptography,
semiconductor microelectronics, and advanced zero-carbon energy systems, the university
has engineered a comprehensive engine for macroeconomic competitiveness. This article
dissects the strategic architecture of this deep-tech ecosystem, detailing the operational
mechanics, funding frameworks, and technological continuum that transforms the regional
economy into an active, sovereign contributor to the European industrial base.

2. The Foundational Matrix

The operationalization of a continental-scale deep-tech ecosystem necessitates a
preexisting, world-class infrastructural baseline. In the hyper-competitive landscape of
European research funding, the capacity to participate in elite transnational consortia
requires demonstrable readiness. For POLITEHNICA Bucharest, this foundational matrix
was architected over the past decade through the strategic absorption of approximately €500
million as structural funds, culminating in the establishment of the CAMPUS and PRECIS
research institutes.

The Center for Advanced Research on Innovative Materials, Products and Processes
(CAMPUS) and the Research Infrastructure for the Development of Intelligent Innovative
Products, Processes and Services (PRECIS) fundamentally rewired the university’s physical
and intellectual landscape. Supported by the European Regional Development Fund
(ERDF) and national budgets (POS CCE), these twin facilities created the specific academic
gravity required to attract subsequent mega-projects.
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CAMPUS comprises an 8,000-square-meter, 7-story intelligent green building housing
42 advanced laboratories. It was designed to facilitate a continuous interdisciplinary flow:
from chemical engineering and advanced materials mechanics at the base, ascending to
electronic circuit testing, and culminating in telecommunications and artificial intelligence
computation arrays. To support this workflow, CAMPUS operates a dedicated high-density
computing cluster featuring 56 servers optimized for structural and chemical modeling.

Running in parallel, the PRECIS institute, backed by an approximately €9.4 million
(49.2 million Lei) investment, focuses on the cyber-physical and automation layers.
PRECIS operates massive private cloud and grid computing datacenters alongside highly
automated Surface Mount Technology (SMT) lines for rapid printed circuit board (PCB)
prototyping, featuring chemical-free ProtoLaser S plotters and precision manipulators.
Without the immense infrastructural cooperation opportunities generated by the
cleanrooms, testing equipment, and initial computing architectures of CAMPUS and
PRECIS, the university's subsequent integration into high-stakes industrial initiatives would
have been mechanically and institutionally impossible.

Figure 1 presents an isometric diagram and workflow chart illustrating the interdis-
ciplinary research flow within the CAMPUS and PRECIS institutes at POLITEHNICA
Bucharest. This image depicts the vertical integration of laboratories, starting from chemical
engineering and materials science on the lower levels, moving upward to automated PCB
prototyping (SMT lines) and sensor networks, and culminating at the top levels with cloud
computing datacenters and high-density HPC clusters, demonstrating the seamless
transition from physical materials to digital applications.
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Figure 1: Politehnica Bucharest: CAMPUS & PRECIS Research Flow and Vertical Integration
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3. The Hardware-Software Continuum

At the core of the European Commission's Digital Decade is the strategic imperative to
eliminate structural vulnerabilities in the semiconductor supply chain and hyperscale cloud
infrastructure. In response, Politehnica Bucharest has engineered a comprehensive
hardware-software continuum designed to address these dependencies across the entire
technology stack.

NanolIC and PNTS (the physical layer). At the foundational layer, the university
participates in the NanolIC Pilot Line, a component of a colossal €2.5 billion European
consortium hosted by imec (the world’s largest independent research and innovation center
for nanoelectronics and digital technology) under the European Chips Act. Through the
Center for Surface Science and Nanotechnology (CSSNT-Politehnica Bucharest),
researchers are operationalizing sub-2nm System-on-Chip (SoC) architectures. This
involves pioneering work in Complementary Field-Effect Transistors (CFET), Nano-Sheet
designs, and ultra-fast memory paradigms such as SOT-MRAM and 3DDRAM. Moving
one step up the stack, the National Platform for Semiconductor Technologies (PNTS)
funded via a PCIDIF priority allocation provides the mid-level pilot lines for actual
microfabrication and mask-less additive printing, bridging the gap between quantum-level
physics and industrial-scale manufacturing.

IPCEI ME/CT (the application layer). These physical semiconductor platforms are
subsequently utilized at the application layer through the Important Projects of Common
European Interest in Microelectronics and Communication Technologies (IPCEI ME/CT).
Leveraging nearly €90 million in National Recovery and Resilience Plan (PNRR) funding,
Politehnica Bucharest collaborates directly with industry leaders such as NXP
Semiconductors, Aumovio, and Robert Bosch. Projects like "SENTHICOM" focus on
hardware-software co-design, developing domain-specific hardware accelerators, 4D
automotive radar solutions, and 5-nanometer automotive processors tailored for highly
automated driving and low-power vehicular cyber-physical systems.

HRIA and RoNaQCi (orchestration and security) Advanced autonomous hardware
demands unprecedented computational orchestration and absolutely secure data transit. To
meet this demand, the university launched the Romanian Artificial Intelligence Hub (HRIA
/ RO Al Factory). Funded by the EuroHPC Joint Undertaking and national sources (within
a €180 million EU framework), this infrastructure houses an Al-optimized supercomputer
capable of exceeding 5 exaFLOPS in theoretical performance, resolving the compute-
scarcity bottleneck for foundational deep learning and complex industrial simulations.
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Finally, this entire digital ecosystem is secured by the Romanian National Quantum
Communication Infrastructure (RoNaQCi). Backed by a €10 million Digital Europe grant,
this network spans over 1,500 terrestrial kilometers. Utilizing advanced Wavelength
Division Multiplexing (WDM) and state-of-the-art trapped-ion quantum hardware provided
by IonQ, RoNaQCi establishes an ultra-secure Quantum Key Distribution (QKD) backbone,
ensuring that the hardware-software continuum is mathematically inoculated against future
quantum-computing cryptographic attacks.
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Figure 2: The Hardware-Software Continuum

4. Green energy and climate resilience

The pursuit of digital sovereignty through exascale computing and semiconductor
fabrication requires exponential, uninterrupted volumes of baseload electricity. To strictly
align with the European Green Deal, this technological expansion cannot rely on massive
carbon expenditures or imported fossil fuels. Recognizing this absolute physical limitation,
Politehnica Bucharest has integrated a robust green energy and climate resilience layer into
its strategic vision.

To decarbonize heavy industrial grids, the university is a foundational pillar in the Ro-
HydroHub (The Hydrogen and New Energy Technologies Hub). Backed by approximately
€130 million ($152 million) through PCIDIF/STEP funding, this infrastructure focuses on
the end-to-end domestic value chain for green hydrogen production, cryogenic storage, and
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industrial integration, effectively reskilling the energy engineering workforce for a post-
hydrocarbon economy.

However, because variable renewables cannot consistently guarantee the gigawatt
baseloads required by supercomputers, the university has aggressively advanced its strategic
nuclear energy initiatives. Politehnica Bucharest hosts the first international NuScale
Energy Exploration (E2) Center in Europe, featuring a state-of-the-art simulator for a 12-
module VOYGR Small Modular Reactor (SMR) power plant. Concurrently, the institution
is a critical scientific partner in the PRO ALFRED (Advanced Lead Fast Reactor European
Demonstrator) consortium. Backed by a 12 million Lei preparatory budget, UNSTPB is
developing the complex safety and instrumentation curricula required to operate this
revolutionary Generation IV liquid-lead reactor, facilitating the rapid deployment of zero-
carbon, hyper-dense energy grids.

Operating synchronously with this energy infrastructure are the National Competence
Centers, funded through Component 9 of the PNRR (approximately €3.8 million per center).
Centers such as DTEClimate (Digital Twin for Earth forecasts) and NetZeRoCities serve as
the real-world application layer for climate resilience. By utilizing the massive computing
power of the HRIA supercomputer, DTEClimate processes vast streams of Earth
Observation satellite data to model localized climate impacts, while NetZeRoCities
architectures smart, zero-emission governance models for major urban municipalities.

5. Benchmarking Frontier Excellence: The ERC Catalyst

While massive infrastructure provides the physical capacity for industrial innovation, purely
fundamental, frontier-defining scientific excellence must also be cultivated and objectively
measured. The successful acquisition of European Research Council (ERC) grants serves as the
ultimate barometer for this caliber of research. Historically underrepresented in EU13 nations,
ERC grants demand unprecedented scientific originality, a standard Politehnica Bucharest has
actively met by leveraging its interdisciplinary ecosystem.

Notable paradigms of this excellence include the CORNET (Provably Correct
Networks) and SafeNet grants backed cumulatively by over €1.45 million in direct funding.
This research developed highly advanced mathematical verification tools capable of
automatically detecting anomalies and autonomously fixing algorithmic bugs in software-
defined network routers, profoundly increasing global internet safety. Similarly, the
CosNeD grant pushed the boundaries of astrophysics by investigating the propagation of
radio waves through solid dielectrics to design ultra-high-energy Cosmic Neutrino
Detectors. To ensure a continuous pipeline of world-class research, the university utilizes
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internal support mechanisms like the VizStar program to fund study visits, embedding
Politehnica Bucharest applicants with existing ERC Principal Investigators across Europe.

6. Conclusion

The unified strategic vision of Politehnica Bucharest represents the operationalization
of the "triple helix" model of innovation, binding academic rigor, the commercial industrial
base, and proactive governmental policy. The systematic interlocking of foundational
infrastructure (CAMPUS/PRECIS), extreme-scale computation (HRIA), unhackable
communications (RoNaQCi), sovereign semiconductor prototyping (NanolC, PNTS,
IPCEI), and zero-carbon baseload energy (Ro-HydroHub, NuScale, ALFRED) creates a
fully autonomous, self-sustaining deep-tech ecosystem.

This infrastructural matrix does not merely generate academic publications; it
deliberately engineers macroeconomic resilience. By providing elite researchers with state-
of-the-art, globally competitive facilities, this ecosystem effectively reverses systemic
regional brain drain. Ultimately, it executes the legislative mandates of the European Digital
Decade and the Green Deal, definitively transforming the national economy from a passive
downstream consumer of technology into an active, sovereign architect of the European
industrial base.



