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Abstract

Hyperloop ultra-high-speed transport presents a transformative opportunity for future
mobility systems in smart cities. However, assessing its socio-economic impact remains chal-
lenging due to Hyperloop’s unique technological, modal, and operational characteristics.
As a novel, fifth mode of transportation—distinct from both aviation and rail—Hyperloop
requires tailored evaluation tools for policymakers. This study proposes a custom-designed
framework to quantify its macroeconomic effects through changes in gross domestic prod-
uct (GDP) at the city level. Unlike traditional economic models, the proposed approach
is specifically adapted to Hyperloop’s multimodality, infrastructure, speed profile, and
digital-green footprint. A Poisson pseudo-maximum likelihood (PPML) model is devel-
oped and applied at two technology readiness levels (TRL-6 and TRL-9). Case studies of
Glasgow, Berlin, and Busan are used to simulate impacts based on geo-spatial features and
city-specific trade and accessibility indicators. Results indicate substantial GDP increases
driven by factors such as expanded 60 min commute catchment zones, improved trade
flows, and connectivity node density. For instance, under TRL-9 conditions, GDP uplift
reaches over 260% in certain scenarios. The framework offers a scalable, reproducible tool
for policymakers and urban planners to evaluate the economic potential of Hyperloop
within the context of sustainable smart city development.

Keywords: socio-economic impacts; smart city; logistics; urban development; hyperloop

1. Introduction

The concept of the smart city has evolved over the past two decades as a strategic
framework for improving the efficiency, sustainability, and livability of urban spaces. In
2024, the world witnessed a continued acceleration in urbanization and digital transforma-
tion across multiple regions, driven by infrastructure demands, population growth, and
environmental imperatives. Recent studies show that urban demands—including mobility
infrastructure, housing, energy consumption, and digital services—have rapidly increased
from 2023 to the first quarter of 2025 (UN DESA, 2023). This growth is driven by ongoing
urban population expansion, post-pandemic recovery policies, and the acceleration of
digital transformation across cities worldwide. These pressures underscore the need for
scalable, sustainable, and high-speed transport infrastructure solutions such as Hyperloop.

By 2050, nearly 70% of the global population is expected to live in urban areas, placing
immense pressure on existing infrastructure, particularly in the areas of transportation and
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logistics (World Bank, 2020). Among the most relevant advances in high-speed ground
transportation is Hyperloop technology—a system that proposes near-supersonic travel
in vacuum tubes, combining the benefits of rail and air transport. Initially proposed as a
futuristic concept in 2012 by Tesla (Tesla.com, 2012), Hyperloop has rapidly evolved into a
tangible innovation, reaching Technology Readiness Level 6 (TRL) (Horizon, 2020).

According to (Planing et al., 2025), Hyperloop acceptance reached 51.4% across Europe,
indicating expectations in high speed, comfort, and environmental aspects despite risks
associated with it (Kang, 2025).

In 2025, European Hyperloop projects are being developed across different regions,
for example, Zeleros (Spain) (Zeleros.com, 2025), Nevomo (Poland) (Nevomo.com, 2025),
HARDT (the Netherlands) (Hardt.global, 2025), TUM (Germany) (Tumhyperloop.com,
2025), Institute of Hyperloop Technology (Germany) (Iht-emden.de, 2025), Swisspod
(Switzerland) (Swisspod.com, 2025), and others. Hyperloop state-of-the-art includes fea-
sibility studies, pilot projects, experimental runs, test tracks (Tumhyperloop.com, 2023),
and public—private investments also accelerating its potential deployment in various global
regions including the USA (TT Hyperloop) (Hyperlooptt.com, 2025), India (Avishkar (2023),
Hyperlink (2023)), and China (CASIC) (Starr, 2024). Hyperloop technology, with its inno-
vative design, ultra-high speeds, and multimodality, has the potential to change existing
intercity travel and transform the logistics and freight systems of smart cities (Premsagar,
2022, 2023). Further, its sustainable design supports the goals of the European Green
Deal (EC, 2024b) and green (EC, 2023b) and digital transformation (EC, 2023a), which is
reflected in recent studies covering Hyperloop's role in smart city logistics (Hansen, 2020),
sustainability modeling (Barbosa, 2020), high-speed transport integration (Noland, 2021),
and EU-aligned development strategies (Vesjolijs & Skorobogatova, 2025).

The application of Hyperloop technology to smart city development has become
a prominent topic at scientific and industry conferences dedicated to ultra-high-speed
transportation. Notably, the Hyperloop Conference 2023, held in Busan, South Korea,
brought together a diverse array of stakeholders—including engineers, researchers, in-
dustry leaders, and policy experts—from across North America, Asia, and Europe. The
conference provided both theoretical insights and empirical data drawn from active pilot
implementations and feasibility studies on the integration of Hyperloop mobility within
smart city frameworks. The case of Busan’s smart city initiatives, highlighted during the
event, showcased the practical viability of Hyperloop implementation in dense urban
environments and offered valuable perspectives on logistical optimization, environmental
sustainability, and infrastructure planning. Later, Hyperloop projects presented at the
European Hyperloop Week events in 2023 and 2024 showcased practical applications across
diverse geographies, including Germany, the UK, the Netherlands, Canada, and India. The
corresponding studies highlighted use-case innovation (Vesjolijs & Skorobogatova, 2025),
cross-border pilot collaborations (Hyperloopconferences.com, 2025), and region-specific
infrastructure adaptation (EHW, 2023).

Recent advances in legal frameworks for Hyperloop in the EU demonstrate Hyperloop
application potential to smart cities from a regulatory perspective. The European Commis-
sion adopted sustainable urban mobility and transport integration principles as main areas
for smart cities development in the EU (EC, 2025) and prioritized the design of Hyperloop
promotion and development strategy (EC, 2024a). Analysis of scholar literature in the
field highlights the lack of research papers dedicated towards legislation and economic
development of Hyperloop; currently, more studies are being dedicated to Hyperloop’s
system performance (Mitropoulos et al., 2021).

The coherence of smart city principles with Hyperloop technology projects presents a
unique opportunity to redefine urban logistics, particularly in the context of mobility as a
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service, multimodal integration, and sustainable economic growth. According to Masrub
et al. (2025), Hyperloop also contributes to an “eco-friendly future society energy network”,
which corresponds with smart city technological innovation goals. Hyperloop has also
received wide coverage in media, technical feasibility reports, and public infrastructure
white papers—focusing on projected energy efficiency (Premsagar, 2022), socio-economic
potential (Hansen, 2020), and planning feasibility within urban ecosystems (Barbosa, 2020).
However, its role in driving economic change—particularly through improved urban
logistics and accessibility—remains underexplored in academic research.

This study is intended to bridge this gap by investigating how Hyperloop technology
can contribute to the logistics ecosystem of smart cities. It addresses a critical gap at the
intersection of infrastructure innovation and urban economic modeling. Hyperloop has
been widely discussed in the engineering and feasibility literature; however, few academic
studies offer a reproducible method to quantify its macroeconomic effects, particularly at
the city level in the context of smart city urban development. To bridge this gap, the present
research introduces a scalable modeling framework that integrates geo-spatial analysis,
transport accessibility, and trade elasticity into a GDP-based estimation tool tailored for
smart cities. By doing so, the study provides policymakers with a novel, data-driven
mechanism to evaluate the socio-economic impact of Hyperloop deployment and inform
infrastructure planning within the smart city agenda.

The remainder of this paper is structured as follows. Section 2 outlines the research
methodology, including the systematic literature review and the development of the gross
domestic product (GDP) impact modeling framework. Section 3 presents the use-case
analysis of Hyperloop applications within smart cities, based on technical readiness and
transport functionality. Furthermore, it introduces the proposed GDP assessment strategy
and explains its integration with geo-spatial and socio-economic data layers. Section 4
describes the case studies of Glasgow, Berlin, and Busan and demonstrates the application
of the model. Section 5 discusses the results, comparing GDP impacts across cities and
identifying key drivers of economic change. A summary of the findings, limitations, and
proposing directions for future research is given in the Conclusions.

2. Materials and Methods

To achieve the aim of the study, the authors developed the four-stage methodology
presented in Figure 1. While various methods such as cost-benefit analysis, computable
general equilibrium (CGE) models, and system dynamics are commonly applied in trans-
port economics, the present study required a scenario-driven, spatially disaggregated, and
modular approach aligned with smart city urban development characteristics. Therefore,
a four-stage methodology was developed to meet these specific requirements. Step 1
involved a systematic literature review performed by Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses (PRISMA) guidelines, by screening 184 journal articles,
white papers, and technical reports published between 2016 and 2025.

The review had two objectives: (i) to catalogue socio-economic mechanisms that the
Hyperloop literature claims could affect urban performance, covering passenger benefits,
freight logistics, energy demand, land-use change, and emissions, and (ii) to identify the
quantitative proxies most frequently used to measure those mechanisms. This scan yielded
44 distinct indicators and confirmed a methodological gap in linking them coherently
to gross-domestic-product outcomes. Abstract and full-text screening were conducted
manually by the authors using pre-defined inclusion criteria in accordance with PRISMA
guidelines. No automated review tools (e.g., Abstrackr, BIBOT, etc.) were used in the
selection process.
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Figure 1. Research methodology overview. Use case selection source: Waseem et al. (2025) (authors’
elaboration).

Literature analysis was supported by primary source data from Hyperloop Conference
2023 in Busan, Hyperloop Conference 2024 in Gdansk (Hyperloopconferences.com, 2025),
and European Hyperloop Week 2023 (EHW, 2023) in Edinburgh, UK (EHW, 2023). EHW
2023 brought together over 400 students, researchers, and professionals to compete and
collaborate on diverse Hyperloop topics from engineering to socio-economic modeling.
Primary source data from EHW 2023 provided the necessary information of Hyperloop
technology applicability to smart cities in the UK, Germany, and the Netherlands. These
insights informed the development of the study’s classification framework, use-case matrix,
and GDP-impact assessment model.

During Step 2, the indicators were classified into the European Commission’s smart
city frame: ICT, citizen focus, infrastructure, transport, and mobility. The results of the
analyses were consolidated into a short list of passenger and freight use-cases, which
confirmed the potential application of Hyperloop to smart cities. With the introduction of
GenAl to science, research methods are also advancing, allowing for better determination
of blind spots in scientific areas and identification of previously unknown phenomena.
Recent studies in liquid Al discussed by scientists and academia representatives at the
Future of Information and Communication Conference 2025 (Saiconference.com, 2025),
specifically the method proposed by Waseem et al. (2025), were applied in this study to
classify and rank Hyperloop use-cases based on technical readiness and data availability.

Each selected use-case was mapped to a Hyperloop contribution area, creating the
bridge between raw engineering attributes and urban policy goals, which helps in under-
standing how to develop a strategy for GDP calculation and what its components should
be. This mapping connects Hyperloop’s technical characteristics to urban development
goals and enables the formulation of a model to estimate GDP-related impacts of Hyper-
loop deployment. While GDP as a macroeconomic measure has established methods and
components, the proposed framework builds on these foundations to capture city-level
changes that may arise.

During Step 3, the classification results were operationalized using the GDP-impact
calculation framework developed by the authors in the earlier phase of the study. The
two-layer strategy combines a 0.33 km? geo-spatial grid with a city-specific Poisson pseudo-
maximum likelihood (PPML) module proposed by authors (Vesjolijs et al., 2025) and
a trade-re-balance block; its step-by-step implementation is summarized in a detailed
algorithm with specific actions and outputs. Since the solution is focused on cities and
not by countries (as in classical international trade gravity models), the model is applied
city-by-city, meaning no pooled cross-sectional structure is imposed. Each city’s baseline
and Hyperloop-enhanced rows are evaluated independently using city-specific regressions,
which helps isolate effects and avoids interdependence across spatial units. This also aligns
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with our goal of developing a scalable, modular tool applicable to diverse urban settings.
Additionally, the PPML specification is particularly suitable for trade flow modeling with
heteroskedasticity and zero values, as shown in Silva and Tenreyro (2006).

A working prototype was developed under a conventional software-development
life-cycle (SDLC) (Olorunshola & Ogwueleka, 2022) during Step 4. The requirements were
formalized in unified modeling language (UML) use-case diagrams (Koc et al., 2021); data-
ingestion, computation, and visualization layers were coded in Python 3.12 (Python.org,
2025); unit and integration tests were executed with PyTest and Pandas-based fixtures;
and validation was performed on the Glasgow, Berlin, and Busan case studies. The SDLC
method, together with step-by-step algorithm for prototype development, allows reproduc-
ing the proposed solution and modeling tuning (Olorunshola & Ogwueleka, 2022).

The authors then summarized the use-case analysis, case study, strategy, algorithm,
and prototype into an integrated framework proposed for GDP-impact evaluation of
Hyperloop deployment in smart cities (Step 5).

3. The Role of Hyperloop Technology for Smart Cities and Urban
Development and Examination of Possible Implications for Economic
Development

In this section, the authors present the results of a systematic literature review, apply
use-case classification using Waseem et al.’s (2025) method, and develop the logic of the
empirical assessment of the GDP calculation and evaluation of multifaceted factors.

3.1. Role of Hyperloop Technology for Smart Cities

Use-case analysis provides an overview of the potential that Hyperloop offers to smart
cities, contributing to the development of the solution proposed by the authors (Table 1).

3.2. Hyperloop Impact on GDP in the Context of Smart Cities

GDP is a well-established macroeconomic indicator used to measure the total value of
goods and services produced within a country or region. Traditional GDP measurement
encompasses various methods (expenditure, income, and production approaches) and
has also faced critiques regarding its adequacy in capturing environmental, social, and
distributional dimensions. This study does not aim to alter the theoretical foundations
of GDP calculation. Instead, it introduces a modeling framework that estimates the po-
tential change in GDP at the urban level resulting from the deployment of Hyperloop
infrastructure. The model is designed to operate within existing GDP frameworks while
accounting for spatial accessibility, trade effects, and time-efficiency gains enabled by the
new transport mode.

The proposed modeling framework integrates geospatial disaggregation with socio-
economic impact assessment to estimate the macro-level returns that a passenger- and
freight-Hyperloop corridor could generate for individual smart cities. Analysis of smart
cities area maps from Glasgow (UK), Berlin (Germany), Busan (South Korea), Singapore,
Oslo (Norway), Amsterdam (the Netherlands), Helsinki (Finland), Ziirich (Switzerland),
Bridgewater (Canada), Columbus (USA), Brisbane (Australia), Fujisawa (Japan), Shenzhen
(China), and other locations revealed that each smart city has unique area, geo-spatial
features, and changing boundaries, and they are not homogenous. Another complexity
that some cities might have is combined zones. For example, Busan area contains a Free
Trade Zone, which, in fact, facilitates geographical advantages or different districts inside
one area, which can be considered as separate entities.
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Table 1. Possible Hyperloop use-cases for smart city integration based on Waseem et al. (2025) methodology. PHS—passenger Hyperloop; FHS—freight Hyperloop

(authors’ construction).

ID PHS Use-Case Source ID FHS Use-Case Source
Ultra-high-speed daily commuting (Swissloop.ch, 2023; S. Chen et al., 2022; Kumar & o . (Tumhyperloop.com, 2023; Hyperlooptt.com, 2025; Barbosa,
! betvyeen smart city areas Singh, 2022) 1 Critical parcel delivery 2020; Bhuiya et al., 2022)
2 Alrport to city hyper (Celestin, 2023; Kitika & Suwatcharapinun, 2024) 2 Fresh produce cold (Hansen, 2020; Barbosa, 2020; Noland, 2021)
shuttle connector chain logistics
3 Intercity regional passenger corridors (\I/_elzjr;?iej?’e%(ﬁ(); Z%ang%?\; 3g%e§fé;?f'2%%26l); 3 Pods container shuttle (Tumhyperloop.com, 2023; S. Chen et al., 2022)
; . Airport cargo to downtown (Tumhyperloop.com, 2023; Hyperlooptt.com, 2025; S. Chen
4 Event-based crowd transport (Celestin, 2023) 4 consolidation hub et al., 2022; Kitika & Suwatcharapinun, 2024)
5 Emereency medical evacuation pod (Premsagar, 2022, 2023; Noland, 2021; Kumar & 5 Manufacturin Iv lin (EC, 2023b; Kumar & Singh, 2022; Bhuiya et al., 2022; Singh
ergency medical evacuation pods Singh, 2022) anufacturing supply line etal, 2021)
University connectivity (Singh e’;ta 1al’ 2%;’1 .Tzi?(l;)fe[:aﬁloggi 62)019; J.Li High-value electronics secure transit ~ (EC, 2023b; Hansen, 2020; Kitika & Suwatcharapinun, 2024)
Tourism enhanced access (Cao et al., 2023; Armagan, 2020) Waste removal (EC, 2023b; Hansen, 2020; Armagan, 2020)
(Hansen, 2020; Bhuiya et al., 2022; Kitika & . . . .
8 Integrated knowledge hub Suwatcharapinun, 2024; Armagan, 2020; Gohar & 8 Pza,rm.abc egtlcal (Zhang et aé, k21907, Ra’.thore et all. ’ 22(())1156, Edoh, 2017;
Nencioni, 2021) istribution chlingensiepen et al., )
(Tumhyperloop.com, 2023; Hyperlooptt.com, . TR Lo
9 Rural accessibility 2025; EC, 2023b; Vesjolijs et al., 2025; Kitika & 9 Reverse logistics (H&ZI’TQHOOP”'C;(%%?%?5’ ﬁc, 2?232"(52\]"?5&0115 etal, %022561551“
Suwatcharapinun, 2024; Lingli, 2015; Edoh, 2017) enreyro, 2006; Singh et al., 2021; Rathore et al,, 2015)
. . . . . . . (Cao et al., 2023; Rathore et al., 2015; Sheikh et al., 2022;
10 Inclusion services (Rathore et al., 2015; Schlingensiepen et al., 2016) 10 Medical organs transportation Willems, 2021; Sharma et al., 2024)
. . (Tumhyperloop.com, 2023; Hyperlooptt.com, 2025; . . . (EC, 2023b; Hansen, 2020; Python.org, 2025; Kitika &
11 MaaS ticketing EC, 2023b; Hansen, 2020; Silva & Tenreyro, 2006) 11 Disaster relief supply chain support Suwatcharapinun, 2024)
. . . (EC, 2023b; Hansen, 2020; Nikitas et al., 2017; Autonomous -, . . . ..
12 Nighttime pod service McGillycuddy, 2024) 12 warehouse-to-warehouse hyper lanes (Kitika & Suwatcharapinun, 2024; Sane, 2020; Mogaji, 2024)
. . . . . . R (Tumhyperloop.com, 2023; Hyperlooptt.com, 2025; Hansen,
13 Workforce belt expansion (Silva & Tenregz)rlo 6’2&?%’;?2%%%1?“18})6“ etal, 13 Integration Wlt?elrﬁzfsn consolidation 2020; Kitika & Suwatcharapinun, 2024; Schlingensiepen
4 ’ et al., 2016)
14 ngshﬁflr,ii]el;eg t};vk;:ilggstflzﬁzg;};our (McGillycuddy, 2024; Sane, 2020) 14 High-density energy cell transport (Gohar & Nencioni, 2021; Mogaji, 2024)
15 Rapid dlsasfer area (Gavzy & Scalea, 2022) 15 Post delivery (Silva & Tenreyro, 2006{ _Gohar & Nencioni, 2021;
evacuation Mogaji, 2024)
s Urban micro fulfilment node (Hyperlink, 2023; Kitika & Suwatcharapinun, 2024; Yavuz &
16 MaaS pods for reduced mobility persons (Cavar et al., 2011) 16 cormector Oztiirk, 2021; Kale, 2019)
: (Avishkar, 2023; A. Chen et al., 2023; Nikitas et al., ~ . . (Yavuz & Oztiirk, 2021; Kale, 2019; Hyperloop Development
17 On-demand autonomous passenger pods 2017; Werner et al,, 2016) 17 Carbon-neutral freight corridors Program, 2022; Abraham et al., 2024)
18 Integrated park and ride hyperloop hubs (Nikitas et al., 2017; Kale, 2019) 18 anrgict;?;sfort (Rocha et al., 2021; Swiftube, 2024)
Education support for . . Urban-rural hubs (Avishkar, 2023; Starr, 2024; Hansen, 2020; Noland, 2021;
19 rural-urban connections (Ro?ha. etal., 2021; Legaspi et al., 2020) 19 connectivity Kitika & Suwatcharapinun, 2024)
20 Carbon-neutral nature parks connections (Brkljacic et al., 2020; Alawad et al., 2023) 20 Drone relocation (Nath et al., 2023)
21 Cyber parks (Brkljacic et al., 2020; Alawad et al., 2023) -/- -/- -/-
2 Ag‘“fu%‘;%‘ﬂam’“ (Ghosh, 2004) /- /- /-
23 AR/VR MaaS experience (Anthopoulos, 2017) -/- -/- -/-
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Therefore, one of the key requirements for the solution is that GDP calculation should
take into account urban area geo-spatial specifics and capture different Hyperloop de-
ployments. For example, a circle-closed-loop Hyperloop can have the same length as a
straight-line Hyperloop from point A to point B but at the same time cover a different
area. Also, incorporating geo-spatial data has the potential to more accurately represent
the transportation network and energy grid if necessary. Further, depending on require-
ments, users can calculate the application of Hyperloop to a specific district area or zone
and to the whole urban area. As a result, the authors proposed a solution that facilitates
the above-mentioned requirements. It uses an integrated multi-layer approach, allowing
to capture GDP allocation given the geo-spatial specifics of the exact smart city area. A
high-level overview is presented in Figure 2.

Layer 1. Layer 2.
Geo-spatial (1 km?) Socio-Economics
1/3 km 1/3 km 1/3 km
" Hyperloop route Environmental Net trade
1/3 km O AL 1/3 km grid
19 19 19
City area grid Ticket prices Citizen commute
79| ® o L] L] L] L]
1/3 km @® | e|e|e|e|e| e (1/3km
|l o | e|oe!l el o e Nodes per grid Workforce mass Transportation
costs
1/9 1/9 19 19 119 19
1/3 km ® ® \; 1/3 km Commute grid Connectivity Infrastructure
1/3 km 1/3 km 1/3 km

Figure 2. Strategy of GDP impacts assessment that couples a geo-spatial grid with a city-specific
PPML socio-economic layer (authors’ construction). (Legend for geo-spatial layer on 1 km? sector:
squares—1/3 km? grid sectors within a smart city and sectors further subdivision to 1/9; black
circles—current transport connection nodes, purple circle—node representing start of a Hyperloop
route; green diamond—new connection nodes; orange lines—graphs representing node connection
by identified Hyperloop route; grey sector—out of smart city transportation network).

At the outset, each city is granulated into a grid of 0.33 km? sectors using a pathfinding
algorithm proposed by Horzyk and Montebello (2025) for drones’ navigation. The method
has both empirical and theoretical use-cases. For uncharted areas of smart cities, this can be
used to define a grid using the unmanned flying vehicles, and for those areas that already
have a detailed grid, it can be applied for mapping. This granular representation allows
both the existing urban structure and the planned Hyperloop alignment to be mapped onto
a common spatial canvas. Within this layer, the model derives several baseline descriptors:
the total number of sectors (city grid size), the share of those cells that lie within a 60 min
surface-commute catchment, and the stock of multimodal connection nodes, expressed
as density per square kilometer. The Hyperloop right-of-way is then superimposed, and
additional passenger-station and freight-terminal nodes are allocated along its footprint,
creating a modified network topology without altering the economic core of the city.

Recent studies have also explored advanced traffic modeling techniques using
Lagrange-coordinate-based cellular automata frameworks, such as the multi-lane model
proposed by X. Li et al. (2021). While the Lagrange-coordinate-based traffic modeling
approach proposed by X. Li et al. (2021) offers valuable insights into multi-lane flow dy-
namics under empirical traffic conditions, the graph-based pathfinding method by Horzyk
and Montebello (2025) is more suitable for our study. The Horzyk and Montebello method
enables sector-level spatial disaggregation, node-to-node routing, and adaptation to new
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or hypothetical transport networks such as the proposed Hyperloop grid, which lacks
historical flow data and operates under a fundamentally different infrastructure model.

Building upon this geo-spatial grid, the framework processes physical accessibility
changes into high-impact GDP effects. Accessibility is measured by the number of grid
sectors that a representative worker can reach within the designated commute time; the
Hyperloop scenarios enlarge this opportunity set in proportion to their higher travel speeds.
Because commuting occupies only a fraction of the 24 h day, the raw reach expansion is
attenuated by a time-budget factor that recognizes practical limits on human mobility. The
model further adds a modest line-alignment effect, reflecting property-value uplift and
station-area activity that tend to accrue along high-capacity corridors. These steps are
carried out independently since every city record is scalable, and it can be applied to the
specific districts.

To convert accessibility impacts into GDP levels, the algorithm relies on a Poisson
pseudo-maximum-likelihood specification that is calibrated separately for each city using
only its own baseline and Hyperloop scenario rows. This city-specific regression links
observed gross product to changes in reachable distance, time savings, and the presence
of the Hyperloop dummy, thereby yielding internally consistent predictions that remain
free from cross-city contamination. The PPML stage acts as a structural bridge between
the spatial layer and the economic layer, regularizing random sector-level variations while
preserving relative differences generated by the transport intervention.

The PPML model proposed by the authors (Vesjolijs et al., 2025) was chosen to calculate
trade within the smart city. A high-level equation of evaluating trade between two economic
actors is presented below (Mitropoulos et al., 2021).

In(Tradei;) = g+ a1ln (GPD;) + agln (GPD;) + asln(Distance;j) + €4 (1)

where Trade;; ; is the export or import flow from point i to j in year £; €;;; is the error term.
For the effect evaluation of Hyperloop on trade, the following form is used (Barbosa,
2020):

Tradejj; = exp( po + p1ln (GPD;;) + B2ln(GPDj;) + B3

2
In (Distance; ;) + B4HL;j; + Baln (TimeReduction;j, +1) +...) + € @

where Trade;;; is the export or import flow from country i to j in year t; B4 and s capture
effect of potential Hyperloop connectivity on trade flows; exp (...) means the exponential
link for PPML is used; €, is the error term, according to (Vesjolijs et al., 2025). The
calculation approach adjusted for smart cities answers the following questions:

How will the workforce mass?

What is a reduction in transportation time?
What is the effect on trade?

What is the effect on transportation costs?

e  What is the effect on CO, emissions?
e How does GDP change?

The framework is extensible and has therefore been configured to include GDP-impact
methodology advanced by TransPod (A. Chen et al., 2023; Delas et al., 2019), whereby
the welfare effects of a very-high-speed system are decomposed into (i) consumer surplus
from lower ticket prices, (ii) monetized environmental externalities, and (iii) productivity
gains attributable to travel-time savings. In practice, the present model embeds a tariff
module that first benchmarks Hyperloop fares against prevailing rail/air prices on the
same OD pairs and then feeds the differential into a demand-elasticity routine to obtain a
static consumer-surplus estimate. A parallel emissions block converts mode-shift tonnage
into avoided CO, using life-cycle emission factors consistent with EU taxonomy guidelines.
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Both monetary streams are finally added to the accessibility-based GDP core, yielding an
aggregate that is at the same time compatible with the triple-bottom-line structure proposed
by TransPod and also enhances it by additional layers, criteria, and approaches. In addition,
the algorithm adopts the 60 min catchment concept proposed by Hardt Hyperloop’s
Dutch case study (Sane, 2020). This study assessed a north-to-south corridor linking the
Randstad conurbation (Amsterdam-Rotterdam—-Utrecht) with Zwolle, Groningen, and
the Northern provinces. Hardt’s (Hardt.global, 2025) approach considers that a one-hour
door-to-door threshold represents the effective limit of daily labor mobility; any expansion
of the reachable area under that time budget translates into a proportional enlargement
of the active workforce available to firms. The present model operationalizes this idea by
comparing the size of the 60 min isochrones under baseline and Hyperloop speeds, then
applying a labor-elastic Cobb—Douglas term to convert the ensuing workforce uplift into
additional value added (Mahaboob et al., 2019).

By integrating the Horzyk and Montebello (2025) algorithm, TransPod (A. Chen et al.,
2023), and methodologies about Dutch case studies (Hardt.global, 2025; Sane, 2020) and
enhanced by the authors’ proposed PPML model (Vesjolijs et al., 2025), the framework
captures a richer spectrum of socio-economic impacts on GDP and is specifically tuned to
smart city specifications by European Commission (EC, 2025). These impacts are incorpo-
rated as independent additive layers on top of the city-specific PPML GDP baseline. The
result is a unified yet modular tool capable of reproducing, validating, and extending the
headline findings of the Hyperloop economic-impact paradigms within a consistent smart
city setting. The step-by-step algorithm for calculation of Hyperloop’s effect on smart cities’
GDP is shown in Table 2.

Table 2. Strategy formalization into 17-step-by-step algorithm for calculation of Hyperloop’s effect
on smart cities” GDP (authors’ construction).

Step Action Key Output of the Steps
Params taken: smc_name, smc_area, smc_population,
smc_active_workforce_mass, smc_gdp_current, smc_emissions,
I .. . public_transport_price, current_commute_speed_kmbh,
1 nput parameters assessment for smart cities comparison or current commute time min. hvperloop route lenath km
smart city-specific sectors - —tme_mu, yp P —engtixam,
hyperloop_speed_trl6_kmh, hyperloop_speed_trl9_kmbh,
current_exports, current_imports, current_freight_speed,
citizen_commute_time, smc_nodes
2 Select smart city record c from the input table Raw attributes (area, GDPy, exports, imports, HL speeds)
3 Partition the city area into 1/3 km? grid sectors smc_grid < |area/(1/3)]
4 Define smart city grid smc_grid” +— smc_grid nodes subdivision [area/1/9]
5 Define smart city 60 min commute coverage smc_60_min_commute_coverage
6 Lay out the baseline commute zone reachy < |(speedy-time)/(+/(1/3))] sectors
7 Define the Hyperloop route length L
Apply pathfinding for Hyperloop route setup hl_route_grid < [L/+/(1/3)] sectors
Calculate ticket prices ticket_price’
8 Calculate node density for Hyperloop grid hyperloop_route_node_density/area
9 Count connection nodes:
Baseline density dg (nodes/ km?) nodes_added_total = hl_route_grid’
+/HL sector (passenger)
+/HL sector (freight)
10 Compute citizen commute reach for TRL-6/TRL-9 reachg, reachg
11 Apply daily-time attenuation adje, adjo = 1 + (reach/( — 1)-(commute_min/(24-round_trip))
12 Build pre-PPML GDP accessibility + line effects
Gg/9 = GDPy x adjs/9 + rand(2-6 M)-hl_route_grid
13 Process exports and imports exportsg /9 = exportsy-(HL speed/freight_speed)
14 Fit PPML city-specific coefficients; predictions GDP_ppml
15 Add net-trade delta to PPML GDP GDP_finalg /9 = GDP_ppmls /9 + (net_trades /9 — net_tradey)
16 Cg;ﬁ’f‘:tjsl"gfsfﬁege diffs /o = (GDP_finals /g — GDPg)/GDP,
17 Store all statistics and proceed to the next city c + 1 Resulting metrics are delivered to the end user




Economies 2025, 13, 228

10 of 20

Followed by the algorithm provided in Table 2, special software was developed
to apply the proposed method using Python programming language (Python.org, 2025)
and was deployed live to end users. The source code is available in the current study’s
Supplementary Section. The software was developed using the SDLC methodology and
tested using the Python unittesting framework (Python Software Foundation, 2024).

4. Case Study Context and Smart City Selection for GDP Modeling

Smart cities of Glasgow (UK), Berlin (Germany), and Busan (South Korea) were
selected to be processed by the proposed method for validating the method’s ability to
capture changes in GDP for the adoption of Hyperloop. In this section, the authors discuss
the smart cities mentioned above and the rationale behind choosing them and also provide
insights on input data.

Glasgow has emerged over the past decade as one of the United Kingdom's pro-
gressive platforms for data-driven urban transformation (UK Government, 2017). The
city’s “Future City Demonstrator”—funded by Innovate UK in 2013—created an integrated
operations center that fuses real-time feeds on transport, energy, public safety, and the
environment (Miao, 2021). Combined with the universities’ strength in photonics, fintech,
and advanced manufacturing, Glasgow has leveraged its legacy industrial grid to pilot
adaptive street lighting, predictive road maintenance, and open-data portals that inform
municipal budgeting. The physical fabric remains compact: roughly 175 km? is home
to ~620,000 inhabitants, yielding a density of 3600 persons km?—sufficient to support
mass-transit while still leaving latent capacity for a sub-surface Hyperloop (Glasgow City
Region, n.d.).

Berlin, by contrast, is a polycentric metropolis of almost 900 km? whose historic rail
rings and tram corridors are being upgraded under the “Smart City Berlin” strategy. The
Senate’s program couples IoT sensor deployment, such as low-power wide-area environ-
mental monitors in the Moabit smart district, with an open urban-digital-twin platform
that enables real-time energy—system co-simulation (Smart City Berlin, n.d.). Economi-
cally, Berlin has diverged from heavy industry to a knowledge-intensive mix of software
start-ups, creative media clusters, and an expanding hydrogen economy; the Brandenburg
hinterland supplies both logistics zones and green-field photovoltaic capacity. Its moderate
density (~4100 persons km?) and existing S-Bahn right-of-way make it a credible European
anchor node for Hyperloop freight modules as well as long-distance passenger pods.

Busan—the Republic of Korea’s principal port city—illustrates a coastal smart city
archetype where maritime logistics dictate both land-use and digital priorities. The “Eco-
Delta Smart City” pilot in the Nakdong River estuary is outfitting entire neighborhoods
with autonomous water taxi networks, Al-optimized seawater desalination plants, and
5G-edge computing for harbor-crane coordination (Korea Ministry of Land, Infrastructure
and Transport, n.d.). With 3.4 million residents packed into 770 km? of mountainous terrain,
Busan’s effective population density (~4400 persons km?) rivals that of the European cases,
yet its industrial profile remains dominated by container throughput, shipbuilding, and
marine R&D—sectors whose just-in-time supply chains could benefit disproportionately
from Hyperloop-enabled high-velocity freight. Another important aspect is the Port of
Busan, which is a logistic hub and a gateway to the South Pacific region, and together with
the Busan Free Trade Zone (BJFEZ, n.d.), they have the potential for deploying Hyperloop
(Korea.net, 2025).

The authors selected Glasgow, Berlin, and Busan because all three exhibit comparable
population densities per square kilometer, even given the completely diverse scale and
location. It also helps commute—catchment calculations comparison; sector counts in the
1/3 km? grid and Hyperloop station spacing operate on like-for-like geometric scales. This
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homogeneity removes density as a confounding factor when benchmarking accessibility
gains or PPML-derived GDP elasticities, allowing the analysis to attribute differences in
outcomes to economic structure and network topology rather than to simple urban form.
Detailed statistics for selected smart cities are shown in Table 3.

Table 3. Glasgow, Berlin, and Busan smart cities statistics, based on publicly available data from
various internet sources, baseline year 2023 (author’s construction)).

Export Import
2 . [ po: p
Name Area (km®) Population Workforce GDP (bln, USD) Emissions (USD) (USD)
Glasgow 175 635,000 325,000 2.59 400,000 4,790,000 46,000,000
Berlin 891.8 3,748,148 2,014,000 5.35 500,000 1,390,000,000  1,760,000,000
Busan 768 3,400,000 1,670,000 91 1,800,000 52,000,000,000  48,100,000,000
At the same time, the cities are heterogeneous in economic composition, geographic
setting, and cultural governance: a post-industrial Atlantic hub, a continental creative
capital, and an export-oriented Pacific port. Given diversity provides a step towards the
framework’s scalability, if a single algorithm can accommodate Glasgow’s compact grid,
Berlin’s radial-ring morphology, and Busan’s mountainous littoral while still generating
credible GDP uplifts, policymakers can be more confident in transferring the methodology
to yet other smart city contexts. Also, cultural and geographical diversity contributes for
common regional strategies development by decision makers and will help guide future
developers of Hyperloop.
5. Results and Discussion
The following section presents the quantitative outputs generated by the two-layer
Hyperloop x Smart City model for the reference cases of Glasgow, Berlin, and Busan.
Table 4 summarizes the baseline macroeconomic indicators and the scenario-specific deltas
associated with TRL-6 and TRL-9 Hyperloop deployments. For each city, we report
(i) present-day GDP; (ii) projected GDP under TRL-6 and TRL-9, together with the cor-
responding percentage changes; (iii) variations in net-trade position resulting from the
freight-speed differential; and (iv) a suite of geo-spatial statistics—total number of 0.33 km?
grid sectors, commute-reach sectors under each speed regime, the number of grid cells
intersected by the Hyperloop corridor, and the incremental connection nodes attributable
to passenger and freight portals. The proposed solution results are shown in Table 4.
Table 4. Results of Hyperloop implementation impacts on smart cities of Glasgow, Berlin, and Busan
(authors’ construction).
Stat/Smart City Glasgow Berlin Busan
GDP current (USD, thsd) 2,590,000 5,350,000 91,000,000
GDP HL TRL-6 (USD, thsd) 4,045,528 11,544,812,876 277,863,082
GDP HL TRL-9 (USD, thsd) 6,649,112,008 26,735,351 791,719,679
Current Net Trade (USD, thsd) —41,210 —370,000 3,900,000
Net Trade TRL-6 (USD, thsd) —22,050 4,263,333 177,233,333
Net Trade TRL-9 (USD, thsd) 19,090 17,128,555 658,522,222
Smart City Grid (sectors) 525 2675 2304
Smart City Reach Current (sectors) 67 83 112
Smart City Reach Current HL TR-L6 779 675 675
Smart City Reach Current HL TRL-9 2118 2118 2118
HL Route Grid (sectors) 17 155 207
Smart City Nodes with HL (mean/sector) 27.14 35.26 424

Smart City Nodes Change with HL (total) 25 232 310
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The comparison of final GDP calculations for Glasgow, Berlin, and Busan is shown
in Figure 3. Detailed results are available in the Supplementary Materials Section
(/data/smart_city_metrics_output_ppml.csv).

== GDP HL TRL6 changes =———= GDP HLTRLS changes

900
800
700

600

400

300

200

100

Glasgow Berlin Busan

Figure 3. Comparison of anticipated GDP changes for Glasgow, Berlin, and Busan after implementing
Hyperloop in TRL-6 and TRL-9 (authors’ construction).

The simulated results reveal a markedly asymmetric distribution of Hyperloop benefits
across the three case cities. Glasgow, although starting from the smallest baseline economy
(=USD 2.6 billion), realizes the largest percentage uplift when Hyperloop operates at
TRL-9, with gross product projected to rise by roughly 157%. That out-sized elasticity
stems from the city’s compact geometry: only 67 grid sectors (0.33 km? each) lie inside
the present 60 min commute band, yet the Hyperloop catchment expands to more than
2100 sectors. Because the PPML model converts this 30-fold reach shock into output
with diminishing but still super-linear returns, Glasgow’s relative gain outstrips Berlin’s
and Busan’s. Conversely, the absolute GDP increment remains modest in global terms,
underlining that large percentage swings in smaller urban economies translate into lower
absolute value added.

Berlin occupies the middle ground. Its baseline reach is broader (83 sectors), and the
Hyperloop corridor is much longer (155 sectors intercepted), but the accessibility multiplier
is tempered by a polycentric labor market that already enjoys extensive S-Bahn coverage.
Consequently, GDP is forecasted to climb by ~116% under TRL-6 and ~400% under TRL-9—
substantial in absolute terms yet proportionally smaller than Glasgow’s surge. The model
also registers the largest positive swing in net trade (=*USD 17 million at TRL-9), reflecting
Berlin—Brandenburg’s export-heavy, advanced-manufacturing cluster and the assumed
freight-speed elasticity.

Busan illustrates how a port-centric metropolis can dominate in absolute magnitudes.
Starting from a baseline GDP of ~USD 91 billion and a heavyweight trade surplus, the city
still manages a 205 % (TRL-6) to 770 % (TRL-9) expansion thanks to hyper-efficient long-
distance freight channels. Yet, its accessibility gain is the most modest—the reach grid rises
from 112 to 675 sectors—highlighting that for large, already dense conurbations, freight-
induced net-trade effects and corridor-station value capture outweigh commuter catchment
gains. Busan also records the largest step-change in node infrastructure (=310 new portals),
potentially reinforcing its role as North-East Asia’s intermodal gateway.
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The obtained results can be compared with those from the HARDT Hyperloop study
for the Province of North Holland, which reported an increase from approximately USD
0.6 billion to USD 1.3 billion associated with the implementation of a regional Hyperloop
corridor (Dabrowska et al., 2021); however, that study did not calculate direct impact on
GDP and was applied to the Hyperloop corridor rather than a city area. According to an
industry report conducted by Geuze et al. (2020), the increase in GDP is 183% on the 60
min commute in the above-mentioned North Holland corridor. Subsequently, these values
can be compared to TRL-6 results (205%) from the current study. Notably, analysis of the
North Holland corridor was also conducted for Hyperloop in TRL-6. While this figure
aligns with the scale of GDP change observed by the author’s model, the approach used
in the present study incorporates a different range of criteria, including geo-spatial sector
coverage for smart city area, multimodal node density, emissions savings, and workforce
and trade flows. As such, the results reflect a more multi-dimensional and spatially adaptive
framework capable of application across diverse urban contexts beyond a single regional
corridor, serving as an alternative modeling approach for future transportation planning in
urban development.

The combined results suggest that Hyperloop’s economic leverage is conditioned
by three interacting factors: (i) the ratio of new to existing commute reach, which favors
smaller or less well-connected urban cores; (ii) the scale and orientation of the traded-goods
sector, where export-heavy economies gain disproportionately from high-velocity freight;
and (iii) line length and station density, which drive local corridor value capture and
node multiplication. These divergent pathways underscore the importance of tailoring
Hyperloop business cases to each city’s spatial morphology and industrial profile rather
than assuming a uniform benefit coefficient.

Figure 4 presents the original framework developed by the authors to assess the
economic impact of Hyperloop deployment in smart cities. The framework is grounded in
the methodological steps outlined in the Materials and Methods Section and synthesizes
elements derived from geo-spatial accessibility modeling, trade rebalancing logic, and
PPML-based GDP estimation. Its structure reflects the dual passenger—freight role of
Hyperloop technology and the operational pathways through which it affects smart city
performance: accessibility, cost, emissions, and trade. Each layer of the framework is
supported by variables introduced in the use-case analysis (Section 3) and implemented
step-by-step through the algorithm presented in Table 2. The framework aims to provide
a modular, transparent structure that links Hyperloop technology specifications with
measurable economic outcomes for smart city urban development.

The framework is structured as a left-to-right chain beginning with Hyperloop effects—
the direct physical or service characteristics that differentiate the system from incumbent
rail, road, and air transport. These effects are subdivided according to two demand
classes, passenger and cargo, and draw from the empirical work of authors (Vesjolijs &
Skorobogatova, 2025; Vesjolijs et al., 2025) as well as operator-specific research conducted by
Transpod (A. Chen et al., 2023) and Hardt (Hardt.global, 2025; Sane, 2020). For the passenger
version of Hyperloop, the relevant indicators include point-to-point transportation costs,
ticket prices, CO, emissions per trip, travel-time savings, and station-area job creation; for
freight, they comprise cost per ton-kilometer, life-cycle CO;, transit-time reductions, and
the productivity of newly accessible logistics clusters. The dual column underscores that
Hyperloop’s economic reach extends well beyond commuter mobility, also addressing the
high-value, time-critical cargo segment. The main components of the framework are the
solution (Figure 2, Table 2) proposed by the current study and PPML model developed by
the authors (Vesjolijs et al., 2025).
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Figure 4. A framework for GDP calculation of Hyperloop technology impact on smart cities. Sources:
S. Chen et al. (2022), Sane (2020), EC (2025), Vesjolijs et al. (2025). (authors’ construction).

Conditions for the given framework are derived from the European Commission’s
“Sustainable Transport for Smart Cities” initiative (EC, 2025). First, the 60 min isochronal
catchment is retained as the operative spatial boundary for day-to-day labor and knowl-
edge exchange, which was initially proposed by Sane (2020). Second, a population-density
criterion of 8000-13,000 inhabitants per square mile (~3100-5000 km?) is introduced to dif-
ferentiate metropolitan areas capable of supporting high-frequency Hyperloop operations
without inducing excessive urban sprawl. Cities meeting these thresholds are applicable
for the proposed solution; for other existing use-cases, the solution might change.

The framework aligns Hyperloop deployment with three strategic smart city goals
articulated by the European Commission’s 2022 policy package: climate-neutral urban
systems, inclusive innovation access, and sustainable green urban development. Hyperloop
contributes to climate neutrality through reduced per-passenger-kilometer emissions and
the potential to catalyze climate—city contracts that unlock EU investment tranches (EC,
2021). Innovation access is fostered by shrinking effective distances between specialized
labor pools and research campuses, while sustainable development is supported by shifting
inter-urban freight from diesel trucking to electrified tube conveyance. These macro-
objectives are mapped onto four functional smart city areas—ICT, citizen focus, transport
and mobility, and physical infrastructure—creating a modular interface through which
further urban-systems models (e.g., energy or housing) can be coupled.

Framework output is a quantified GDP calculation containing multiple streams that
are consolidated into a single gross-domestic-product metric and expressed as a percent-
age change relative to the legacy transport baseline. Framework aggregation supports
transparency and contributes to data-driven decision-making.

To summarize, the developed solution (a suggested framework) operationalizes a mod-
ular path that links Hyperloop engineering attributes to strategic EU smart city goals and,
ultimately, to macroeconomic performance, thereby offering policymakers a reproducible
template for scenario appraisal across diverse urban contexts.
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6. Conclusions

An end-to-end method has been proposed to estimate how Hyperloop deployment
may alter the macroeconomic dynamics of data-driven smart cities. The study’s main
objective was achieved by introducing a framework designed to support GDP-impact
calculation for Hyperloop implementation in the context of smart city development.

The conducted research confirmed the benefits offered by the Hyperloop technology
by applying it to a smart city context and mapping a catalogue of passenger and freight
use-cases using the liquid Al method, demonstrating multidisciplinary and multifaceted
aspects of ultra-high-speed technology deployment.

A structured GDP-impact assessment strategy that couples a geo-spatial grid with
a city-specific PPML socio-economic layer (Figure 2) was developed, bridging the gap
between empirical geo-spatial pathfinding algorithms and socio-economic aspects of Hy-
perloop. The strategy was formalized into a reproducible 17-step algorithm (Table 2),
beginning with sector-level reach calculations and concluding with the adjustment of gross
product based on net trade effects. The algorithm is scalable and can be developed as
a digital application, which is confirmed by the applied software development lifecycle
method. The algorithm was executed for three contrasting yet density-comparable smart
cities—Glasgow, Berlin, and Busan—demonstrating internal consistency and revealing
distinct benefit pathways: commuter-reach expansion for Glasgow, corridor-led value
capture and export uplift for Berlin, and freight-dominated gains for Busan.

The numerical results confirm that Hyperloop can deliver significant GDP increases
(more than 30%) under current HL. TRL-6 and TRL-9 performance assumptions. The
GDP effect increase is achieved by simultaneously densifying multimodal connection
nodes, expanding the commute zone, and decreasing effective travel times inside the EU’s
60 min smart city benchmark. The final solution presents a framework (Figure 4) that
positions Hyperloop within the European Commission’s climate-neutral and innovation-
access agendas, and it is ready for direct use by planners and investors for smart cities
applications. The study provides the first scalable, policy-aligned toolkit for quantifying
Hyperloop’s economic leverage across diverse urban contexts and therefore fulfils the
research aim.

Limitations. Calculations were conducted for a 1-year period. While the current study
relies on 2023 static input data for illustrative purposes, the framework was designed to
be data-agnostic and can be applied using higher-frequency, real-time, or longitudinal
datasets as they become available. Results of the calculations heavily depend on Hyperloop
specification in the corresponding TRL. In case of Hyperloop technical specification changes,
the result might change dramatically, even to negative values. Research did not evaluate
system dynamics of Hyperloop projects overtime.

Future study. The next step is to apply the solution to the most relevant data from
2025 when they are published by the corresponding smart cities. Future research will focus
on integrating dynamic urban data streams to refine the model’s temporal sensitivity and
better support predictive planning tools for smart cities. Further, the authors aim to propose
a development strategy to the European Commission for Hyperloop implementation and
an appropriate framework for the existing Hyperloop industry projects. Further, it is
recommended to conduct a case study for more nuanced implementation with specific
components, for example, with or without vacuum or Maglev, and to consider quantifying
social factors and use-cases’ impact on smart cities development.

Supplementary Materials: The following supporting information can be downloaded at https://
github.com/pirrencode/hpl_smart_cities, accessed on 14 June 2025. smart_city_gdp_model.py:
Python Program for GDP calculation of Hyperloop on smart cities; /data/smc_input.csv: Input data
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for case studies; /data/smart_city_metrics_output_ppml.csv: Results of GDP calculation for case
study scenarios.

Author Contributions: Conceptualization, A.V. and Y.S.; methodology, A.V.; software, A.V.; valida-
tion, A.V.; formal analysis, A.V,; investigation, A.V.; resources, A.V.; data curation, A.V.; writing—
original draft preparation, A.V. and Y.S.; writing—review and editing, A.V., Y.S., and O.Z.; visual-
ization, A.V,; supervision, Y.S.; project administration, O.Z. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding authoz(s).

Conflicts of Interest: The authors declare no conflict of interest.

References

Abraham, A., Zhang, Y., & Prasad, S. (2024). Evacuation management framework towards smart city-wide intelligent emergency
interactive response system. arXiv, arXiv:2403.07003. [CrossRef]

Aitken, J., Childerhouse, P., & Christopher, M. (2016). A comparative study of manufacturing and service sector supply chain
integration via the uncertainty circle model. The International Journal of Logistics Management, 27(3), 901-919. [CrossRef]

Alawad, W., Ben Halima, N., & Aziz, L. (2023). An unmanned aerial vehicle (UAV) system for disaster and crisis management in smart
cities. Electronics, 12(4), 1051. [CrossRef]

Anthopoulos, L. (2017). Smart utopia vs smart reality: Learning by experience from 10 smart city cases. Cities, 63, 128-148. [CrossRef]

Armagan, K. (2020). The fifth mode of transportation: Hyperloop. Journal of Innovative Transportation, Turkey, 1, 1105. Available online:
https:/ /dergipark.org.tr/en/pub/jit/issue /55759 /761535 (accessed on 20 July 2025).

Avishkar. (2023). Final research submission socio-economic aspects of hyperloop development. Google.com. Available online: https://
drive.google.com/file/d/1NxwaBN1LxVxJXwYsRVUwEv-HqVI0_Rjg/view (accessed on 13 May 2025).

Barbosa, F. C. (2020, April 20-22). Hyperloop concept technological and operational review: The potential to fill rail niche markets. 2020 Joint
Rail Conference, St. Louis, MO, USA. [CrossRef]

Bhuiya, M., Aziz, M. M., Mursheda, F,, Lum, R., Brar, N., & Youssef, M. (2022). A new hyperloop transportation system: Design and
practical integration. Robotics, 11(1), 23. [CrossRef]

Brkljaci¢, T., Majeti¢, F., & Tarabi¢, B. N. (2020). Smart environment: Cyber parks (connecting nature and technology). In Megacities and
rapid urbanization: Breakthroughs in research and practice. IGI Global. [CrossRef]

Busan-Jinhae Free Economic Zone Authority (BJFEZ). (n.d.). Official website—BJFEZ. Available online: https:/ /www .bjfez.go.kr/eng/
english.web (accessed on 13 May 2025).

Cao, Z., Wang, Q., Wang, Y., & Liang, H. (2023). Identification and mechanism of residents’ regional non-commuting flow patterns
based on the gradient boosting decision tree model: A case study of the Shanghai metropolitan area. Land, 12(9), 1652. [CrossRef]

Cavar, I, Kavran, Z., & Jolic, N. (2011). Intelligent transportation system and night delivery schemes for city logistics. Computer
Technology and Application, 2(10), 782. Available online: https://www.researchgate.net/publication/302985137_Intelligent
_transportation_system_and_night_delivery_schemes_for_city_logistics (accessed on 20 July 2025).

Celestin, M. (2023). The future of hyperloop and high-speed rail in reshaping global supply chain networks. Brainae Journal of Business,
Sciences and Technology, 7, 977-988. [CrossRef]

Chen, A, Tesselaar, K., Shoaib, A, Li, W.,, Han, M., Lian, Y., Kim, J., Ramesh, R., & Brown, A. (2023). Socio-economic research and analysis
of transpod and various hyperloop projects around the world. Design Team Research Paper (European Hyperloop Week 2023. Queen’s
University, Kingston, Ontario, Canada. Available online: https:/ /www.queenshyperloop.ca/research-publications/2023/7/22/
socio-economic-research-and-analysis-of-transpod-and-various-hyperloop-projects-around-the-world (accessed on 13 May 2025).

Chen, S., Yu, Y., & Zhang, L. (2022). Using 5G in smart cities: A systematic mapping study. arXiv, arXiv:2202.04312. [CrossRef]

Dabrowska, A., de Caluwe, S., Geuze, M., Hirtl, D., Roeske, R., & Xydianou, T. (2021). Cargo Hyperloop Holland: Full project report. Hardt
Hyperloop. Available online: https:/ /staticl.squarespace.com/static/64e74196d472e811c33e6a78/t/64fb3a8ddc2fe2714754a7cf/
1694186138326/ Cargo-Hyperloop-Holland_Full-Report.pdf (accessed on 20 July 2025).

Delas, M., Dalbavie, J. M., & Boitier, T. (2019, June 17-20). Assessment of potential commercial corridors for Hyperloop systems: Design of a
methodology to select and classify the most suitable corridors for the implementation of a first commercial Hyperloop line for passengers. 8th
International Conference on Railway Operations Modelling and Analysis—RailNorrkoping 2019, Norrképing, Sweden. Available
online: https://ep.liu.se/ecp/069/020/ecp19069020.pdf (accessed on 13 May 2025).


https://doi.org/10.48550/arXiv.2403.07003
https://doi.org/10.1108/IJLM-03-2014-0047
https://doi.org/10.3390/electronics12041051
https://doi.org/10.1016/j.cities.2016.10.005
https://dergipark.org.tr/en/pub/jit/issue/55759/761535
https://drive.google.com/file/d/1NxwaBN1LxVxJXwYsRVUwEv-HqVl0_Rjg/view
https://drive.google.com/file/d/1NxwaBN1LxVxJXwYsRVUwEv-HqVl0_Rjg/view
https://doi.org/10.1115/JRC2020-8033
https://doi.org/10.3390/robotics11010023
https://doi.org/10.4018/978-1-5225-9276-1.ch010
https://www.bjfez.go.kr/eng/english.web
https://www.bjfez.go.kr/eng/english.web
https://doi.org/10.3390/land12091652
https://www.researchgate.net/publication/302985137_Intelligent_transportation_system_and_night_delivery_schemes_for_city_logistics
https://www.researchgate.net/publication/302985137_Intelligent_transportation_system_and_night_delivery_schemes_for_city_logistics
https://doi.org/10.5281/zenodo.15062751
https://www.queenshyperloop.ca/research-publications/2023/7/22/socio-economic-research-and-analysis-of-transpod-and-various-hyperloop-projects-around-the-world
https://www.queenshyperloop.ca/research-publications/2023/7/22/socio-economic-research-and-analysis-of-transpod-and-various-hyperloop-projects-around-the-world
https://doi.org/10.48550/arXiv.2202.04312
https://static1.squarespace.com/static/64e74196d472e811c33e6a78/t/64fb3a8ddc2fe2714754a7cf/1694186138326/Cargo-Hyperloop-Holland_Full-Report.pdf
https://static1.squarespace.com/static/64e74196d472e811c33e6a78/t/64fb3a8ddc2fe2714754a7cf/1694186138326/Cargo-Hyperloop-Holland_Full-Report.pdf
https://ep.liu.se/ecp/069/020/ecp19069020.pdf

Economies 2025, 13, 228 17 of 20

EC. (2021). EU Mission: Climate-neutral and smart cities. European Commission. Available online: https://research
-and-innovation.ec.europa.eu/funding/funding-opportunities /funding-programmes-and-open-calls /horizon-europe /
eu-missions-horizon-europe/climate-neutral-and-smart-cities_en (accessed on 20 July 2025).

EC. (2023a). Europe’s Digital Decade: Digital targets for 2030. European Commission. Available online: https://commission.europa.eu/
strategy-and-policy/priorities-2019-2024 / europe-fit-digital-age / europes-digital-decade-digital-targets-2030_en (accessed on 20
July 2025).

EC. (2023b). The European green deal. European Commission. Available online: https://commission.europa.eu/strategy-and-policy/
priorities-2019-2024 / european-green-deal_en (accessed on 20 July 2025).

EC. (2024a). Apostolos Tzitzikostas—Mission letter. European Commission. Available online: https://commission.europa.eu/document/
de676935-f28c-41c1-bbd2-e54646c82941_en (accessed on 13 May 2025).

EC. (2024b). Green transition. European Commission. Available online: https://reform-support.ec.europa.eu/what-we-do/green
-transition_en#climate-action-and-emissions-reduction (accessed on 13 May 2025).

EC. (2025). Smart cities. European Commission. Available online: https://commission.europa.eu/eu-regional-and-urban-development/
topics/cities-and-urban-development/city-initiatives /smart-cities_en (accessed on 13 May 2025).

Edoh, T. (2017, December 13-17). Smart medicine transportation and medication monitoring system in EPharmacyNet. International Rural
and Elderly Health Informatics Conference (IREHI) (pp. 1-9), Lome, Togo. [CrossRef]

EHW. (2023). European hyperloop week reports. Available online: https:/ /hyperloopweek.com (accessed on 20 July 2025).

Gavzy, S. J., & Scalea, J. R. (2022). Organ transportation innovations and future trends. Current Transplantation Reports, 9, 143-147.
[CrossRef]

Geuze, M., Beerlage, I., Ramirez Gallego, J., & Marges, S. (2020). Concept study: Province North-Holland (Version 2.11). Hardt Hyperloop, in
collaboration with Provincie Noord-Holland. Available online: https://raad.noordoostpolder.nl/Vergaderingen/Gemeenteraad /
2020/25-mei/19:30/ A23-02-Onderzoeksrapport-Hyperloop-1.pdf (accessed on 20 July 2025).

Ghosh, A. (2004, April 22-23). Enabling technologies for smart cities: A survey. 13th Wireless World Research Forum (WWRF), Guildford,
UK. Available online: https:/ /ubicomp.oulu.fi/files/wwrfl3.pdf (accessed on 13 May 2025).

Glasgow City Region. (n.d.). Smart and connected social places. Available online: https:/ /glasgowcityregion.co.uk/smart-and-connected
-social-places/ (accessed on 13 May 2025).

Gohar, A., & Nencioni, G. (2021). The role of 5G technologies in a smart city: The case for intelligent transportation system. Sustainability,
13(9), 5188. [CrossRef]

Hansen, I. A. (2020). Hyperloop transport technology assessment and system analysis. Transportation Planning and Technology 43,
803-820. [CrossRef]

Hardt.global. (2025). HARDT hyperloop. Available online: https://www.hardt.global (accessed on 13 May 2025).

Horizon. (2020). G. Technology readiness levels (TRL). General annexes, HORIZON 2020—WORK PROGRAMME 2018-2020. Available
online: https://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2018-2020 /annexes /h2020-wp1820-annex-g
-trl_en.pdf (accessed on 13 May 2025).

Horzyk, A., & Montebello, M. (2025). Centralised graph-based collision-free air traffic management approach for autonomous aerial
vehicle navigation. In Advances in information and communication. FICC 2025. Springer. [CrossRef]

Hyperlink. (2023). Hyperlink socioeconomic feasibility of hyperloop. Google.com. Available online: https:/ /drive.google.com/file/d/
1r5nauglqc9tlsRXfrM-kS33KM-3WyFev /view (accessed on 20 July 2025).

Hyperloopconferences.com. (2025). Hyperloop conferences. Available online: https://hyperloopconference.com (accessed on
13 May 2025).

Hyperloop Development Program. (2022). CO; reduction and economic benefits from transporting goods by hyperloop. Avail-
able online: https:/ /www.hyperloopdevelopmentprogram.com/news-about-the-hdp /co2-reduction-and-economic-benefits
-by-hyperloop (accessed on 13 May 2025).

Hyperlooptt.com. (2025). Hyperloop transportation technologies | HyperloopTT. Available online: https://www.hyperlooptt.com (accessed
on 13 May 2025).

Iht-emden.de. (2025). Institute of hyperloop technology. Available online: https:/ /iht-emden.de (accessed on 13 May 2025).

Kale, S. (2019). Hyperloop: Advance mode of transportation system and optimize solution on traffic congestion. Available online: https://
www.ijraset.com/fileserve.php?FID=24412 (accessed on 20 July 2025).

Kang, S. (2025). Risks and benefits of future travel with hyperloop: A multi-analytical approach. Journal of Travel Research. [CrossRef]

Kitika, S., & Suwatcharapinun, T. (2024). Smart district with the comparison on urban studies of internet infrastructure and new digital
activities. International Review for Spatial Planning and Sustainable Development, 12(3), 200-212. [CrossRef]

Kog, H., Erdogan, A. M., Barjakly, Y., & Peker, S. (2021). UML diagrams in software engineering research: A systematic literature
review. Proceedings, 74(1), 13. [CrossRef]

Korea Ministry of Land, Infrastructure and Transport. (n.d.). Busan eco delta smart city—National pilot smart city project. Smart City Korea.
Available online: https:/ /smartcity.go.kr/en/Z 2 A E /= 7}A|  E A / F4b-of| I D ER- 22U E A E] / (accessed on 13 May 2025).


https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/climate-neutral-and-smart-cities_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/climate-neutral-and-smart-cities_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/climate-neutral-and-smart-cities_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/europes-digital-decade-digital-targets-2030_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/europes-digital-decade-digital-targets-2030_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/document/de676935-f28c-41c1-bbd2-e54646c82941_en
https://commission.europa.eu/document/de676935-f28c-41c1-bbd2-e54646c82941_en
https://reform-support.ec.europa.eu/what-we-do/green-transition_en#climate-action-and-emissions-reduction
https://reform-support.ec.europa.eu/what-we-do/green-transition_en#climate-action-and-emissions-reduction
https://commission.europa.eu/eu-regional-and-urban-development/topics/cities-and-urban-development/city-initiatives/smart-cities_en
https://commission.europa.eu/eu-regional-and-urban-development/topics/cities-and-urban-development/city-initiatives/smart-cities_en
https://doi.org/10.1109/IREEHI.2017.8350381
https://hyperloopweek.com
https://doi.org/10.1007/s40472-021-00341-2
https://raad.noordoostpolder.nl/Vergaderingen/Gemeenteraad/2020/25-mei/19:30/A23-02-Onderzoeksrapport-Hyperloop-1.pdf
https://raad.noordoostpolder.nl/Vergaderingen/Gemeenteraad/2020/25-mei/19:30/A23-02-Onderzoeksrapport-Hyperloop-1.pdf
https://ubicomp.oulu.fi/files/wwrf13.pdf
https://glasgowcityregion.co.uk/smart-and-connected-social-places/
https://glasgowcityregion.co.uk/smart-and-connected-social-places/
https://doi.org/10.3390/su13095188
https://doi.org/10.1080/03081060.2020.1828935
https://www.hardt.global
https://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2018-2020/annexes/h2020-wp1820-annex-g-trl_en.pdf
https://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2018-2020/annexes/h2020-wp1820-annex-g-trl_en.pdf
https://doi.org/10.1007/978-3-031-84457-7_6
https://drive.google.com/file/d/1r5nauglqc9tIsRXfrM-kS33KM-3WyFev/view
https://drive.google.com/file/d/1r5nauglqc9tIsRXfrM-kS33KM-3WyFev/view
https://hyperloopconference.com
https://www.hyperloopdevelopmentprogram.com/news-about-the-hdp/co2-reduction-and-economic-benefits-by-hyperloop
https://www.hyperloopdevelopmentprogram.com/news-about-the-hdp/co2-reduction-and-economic-benefits-by-hyperloop
https://www.hyperlooptt.com
https://iht-emden.de
https://www.ijraset.com/fileserve.php?FID=24412
https://www.ijraset.com/fileserve.php?FID=24412
https://doi.org/10.1177/00472875241313366
https://doi.org/10.14246/irspsd.12.3_200
https://doi.org/10.3390/proceedings2021074013
https://smartcity.go.kr/en/프로젝트/국가시범도시/부산-에코델타-스마트시티/

Economies 2025, 13, 228 18 of 20

Korea.net. (2025). Hypertube project eyes high-speed trains going 1200 kph. Available online: https://www .korea.net/NewsFocus/
Sci-Tech /view?articleld=269500 (accessed on 13 May 2025).

Kumar, P, & Singh, A. (2022). Probabilistic data structures in smart city: Survey, applications, challenges, and research directions.
Journal of Ambient Intelligence and Smart Environments, 14(1), 1-24. [CrossRef]

Legaspi, J., Bhada, S. V., Mathisen, P., & DeWinter, J. (2020, October 11-14). Smart city transportation: A multidisciplinary literature review.
2020 IEEE International Conference on Systems, Man, and Cybernetics (SMC) (pp. 957-964), Toronto, ON, Canada. [CrossRef]

Li, J., Liu, Y., Wang, H., & Zhang, Q. (2021). Exploring influencing factors of intercity mode choice from view of entire travel chain.
Journal of Advanced Transportation, 9454873. [CrossRef]

Li, X., Zhang, H., Zhao, X., & Xue, Y. (2021). A multi-value cellular automata model for multi-lane traffic flow under Lagrange
coordinate. Journal of Computational and Applied Mathematics, 393, 113503. [CrossRef]

Lingli, J. (2015, December 19-20). Smart city smart transportation: Recommendations of the logistics platform construction. 2015 International
Conference on Intelligent Transportation, Big Data and Smart City, Halong Bay, Vietnam. [CrossRef]

Mahaboob, B., Ajmath, K. A., Venkateswarlu, B., Narayana, C., & Praveen, ]. P. (2019). On Cobb-Douglas production function model.
AIP Conference Proceedings, 2177(1), 020040. Available online: https://pubs.aip.org/aip/acp/article-abstract/2177/1/020040/
1018417 /On-Cobb-Douglas-production-function-model (accessed on 13 May 2025). [PubMed]

Masrub, E. H., Khalifa, E. M., & Elmashai, E. K. (2025, February 2—4). Green Hydrogen technology for hyperloop railways transportations.
2025 15th International Renewable Energy Congress (IREC) (pp. 1-5), Hammamet, Tunisia. [CrossRef]

McGillycuddy, L. (2024). Socio-technical development and imagination: A multi-level analysis of the Hyperloop as a prospective mobility system
and social imaginary in the Netherlands and Europe [Master’s thesis, Utrecht University]. Available online: https://studenttheses.uu
nl/handle/20.500.12932 /47223 (accessed on 13 May 2025).

Miao, J. T. (2021). Chapter 13—Building the future city Glasgow. In Smart cities for technological and social innovation (pp. 247-264).
Academic Press. ISBN 9780128188866. [CrossRef]

Mitropoulos, L., Kortsari, A., Koliatos, A., & Ayfantopoulou, G. (2021). The hyperloop system and stakeholders: A review and future
directions. Sustainability, 13(15), 8430. [CrossRef]

Mogaji, E. (2024). Transformative transport services: Leveraging sustainability, inclusivity, and technology through marketing
management. Journal of Marketing Management, 1-33. [CrossRef]

Nath, D., Bandyopadhyay, A., Rana, A., Gaber, T., & Hassanien, A. E. (2023). A novel drone-station matching model in smart cities
based on strict preferences. Unmanned Systems, 11(3), 261-271. [CrossRef]

Nevomo.com. (2025). Nevomo—Into the future of rail. Available online: https://www.nevomo.com (accessed on 20 July 2025).

Nikitas, A., Kougias, 1., Alyavina, E., & Njoya Tchouamou, E. (2017). How can autonomous and connected vehicles, electromobility,
BRT, Hyperloop, shared use mobility and Mobility-as-a-Service shape transport futures for the context of smart cities? Urban
Science, 1(4), 36. [CrossRef]

Noland, J. K. (2021). Prospects and challenges of the hyperloop transportation system: A systematic technology review. IEEE Access 9,
28439-28458. [CrossRef]

Olorunshola, O. E., & Ogwueleka, F. N. (2022). Review of system development life cycle (SDLC) models for effective application
delivery. In A. Joshi, M. Mahmud, R. G. Ragel, & N. V. Thakur (Eds.), Information and communication technology for competitive
strategies (ICTCS 2020). Lecture Notes in Networks and Systems, vol. 191. Springer. [CrossRef]

Planing, P, Hilser, J., & Aljovic, A. (2025). Acceptance of hyperloop: Developing a model for hyperloop acceptance based on an
empirical study in the Netherlands. Travel Behaviour and Society, 35, 100887. [CrossRef]

Premsagar, S. (2022). A critical review of hyperloop (ultra-high speed rail) technology: Urban and transport planning, technical,
environmental, economic, and human considerations. Frontiers in Sustainable Cities, 4, 842245. [CrossRef]

Premsagar, S. (2023). A critical review of the proposed hyperloop (ultra-high-speed rail) project between Mumbai and Pune and its
broader implications for sustainable mobility in Indian cities. Future Transportation, 3(3), 931-969. [CrossRef]

Python.org. (2025). Python programming language. Available online: http:/ /www.python.org (accessed on 13 May 2025).

Python Software Foundation. (2024). unittest—Unit testing framework. Python 3.12. Available online: https://docs.python.org/3/
library /unittest.html (accessed on 13 May 2025).

Rathore, M. M., Ahmad, A., Paul, A., & Jeon, G. (2015, November 23-27). Efficient graph-oriented smart transportation using internet of
things generated big data. 11th International Conference on Signal-Image Technology & Internet-Based Systems (pp. 512-519),
Bangkok, Thailand. [CrossRef]

Rocha, N. P, Santinha, G., Dias, A., Rodrigues, C., Rodrigues, M., & Queirés, A. (2021). A systematic literature review of smart cities’
information services to support the mobility of impaired people. Procedia Computer Science, 181, 182-188. [CrossRef]

Saiconference.com. (2025). 8th future of information and communication conference 2025. Available online: https://saiconference.com/FICC
(accessed on 13 May 2025).


https://www.korea.net/NewsFocus/Sci-Tech/view?articleId=269500
https://www.korea.net/NewsFocus/Sci-Tech/view?articleId=269500
https://doi.org/10.3233/AIS-220101
https://doi.org/10.1109/SMC42975.2020.9283471
https://doi.org/10.1155/2021/9454873
https://doi.org/10.1007/s10588-021-09345-w
https://doi.org/10.1109/ICITBS.2015.184
https://pubs.aip.org/aip/acp/article-abstract/2177/1/020040/1018417/On-Cobb-Douglas-production-function-model
https://pubs.aip.org/aip/acp/article-abstract/2177/1/020040/1018417/On-Cobb-Douglas-production-function-model
https://www.ncbi.nlm.nih.gov/pubmed/39425435
https://doi.org/10.1109/IREC64614.2025.10926764
https://studenttheses.uu.nl/handle/20.500.12932/47223
https://studenttheses.uu.nl/handle/20.500.12932/47223
https://doi.org/10.1016/B978-0-12-818886-6.00013-7
https://doi.org/10.3390/su13158430
https://doi.org/10.1080/0267257X.2025.2461673
https://doi.org/10.1142/S2301385023500115
https://www.nevomo.com
https://doi.org/10.3390/urbansci1040036
https://doi.org/10.1109/ACCESS.2021.3057788
https://doi.org/10.1007/978-981-16-0739-4_28
https://doi.org/10.1016/j.tbs.2024.100887
https://doi.org/10.3389/frsc.2022.842245
https://doi.org/10.3390/futuretransp3030052
http://www.python.org
https://docs.python.org/3/library/unittest.html
https://docs.python.org/3/library/unittest.html
https://doi.org/10.1109/SITIS.2015.121
https://doi.org/10.1016/j.procs.2021.01.119
https://saiconference.com/FICC

Economies 2025, 13, 228 19 of 20

Sane, Y. (2020). Multi-criteria analysis of the proposed hyperloop transport project in Northern Holland [Ph.D. thesis, KTH, School of
Architecture and the Built Environment]. Available online: https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A15140
03&dswid=4049 (accessed on 13 May 2025).

Schlingensiepen, J., Nemtanu, F,, Mehmood, R., & McCluskey, L. (2016). Autonomic transport management systems—Enabler for
smart cities, personalized medicine, participation and Industry 4.0. In A. Stadkowski, & W. Pamuta (Eds.), Intelligent transportation
systems—Problems and perspectives. Springer. [CrossRef]

Sharma, A., Singh, P. K., Nikashina, P., Gavrilenko, V., Tselykh, A., Bozhenyuk, A., Gongalves, & P, J. S. (2024). Al and UAVs in
smart transportation of urgent organ transplant and usage for organ donor and donee. In P. K. Singh, M. Trovati, F. Murtagh, M.
Atiquzzaman, & M. Farid (Eds.), Data science and artificial intelligence for digital healthcare. Springer. [CrossRef]

Sheikh, M., Aghaei, J., Chabok, H., Roustaei, M., Niknam, T., Kavousi-Fard, A., Shafie-Khah, M., & Catalao, J. P. (2022). Synergies
between transportation systems, energy hub and the grid in smart cities. IEEE Transactions on Intelligent Transportation Systems,
23(7), 7371-7385. [CrossRef]

Silva, S. J. M. C., & Tenreyro, S. (2006). The log of gravity. The Review of Economics and Statistics, 88(4), 641-658. Available online:
https:/ /ideas.repec.org/a/tpr/restat/v88y2006i4p641-658.html (accessed on 20 July 2025). [CrossRef]

Singh, S., Dutta, S., & Banerjee, S. (2021). Design and analysis of high-speed free space optical (FSO) communication system for
supporting fifth generation (5G) data services in diverse geographical locations of India. IEEE Photonics Journal, 13(1), 7300312.
[CrossRef]

Smart City Berlin. (n.d.). Strategy process—Smart city berlin. Available online: https://smart-city-berlin.de/en/smart-city-berlin/
strategy-process (accessed on 13 May 2025).

Starr, M. (2024). China’s experimental flying train edges closer to reality—Can hyperloop succeed where others failed? The Debrief. Available
online: https://thedebrief.org/chinas-experimental-flying-train-edges-closer-to-reality-can-hyperloop-succeed-where-others
-failed/ (accessed on 13 May 2025).

Swiftube. (2024). Swiftube. Available online: https:/ /swiftube.com (accessed on 13 May 2025).

Swissloop.ch. (2023). Bachelor-thesis an der hochschule luzern—Technik & architektur. Available online: https:/ /swissloop.ch/wp-content/
uploads/2023/07/Modeling-the-operating-costs-of-Hyperloop.pdf (accessed on 20 July 2025).

Swisspod.com. (2025). Building hyperloop. Available online: https://www.swisspod.com (accessed on 13 May 2025).

Tesla.com. (2012). Hyperloop alpha. Available online: https://www.tesla.com/sites/default/files /blog_images/hyperloop-alpha.pdf
(accessed on 13 May 2025).

Tudor, M., & Paolone, J. (2019). Optimal design of the propulsion system of a Hyperloop capsule. IEEE Transactions on Transportation
Electrification, 5(1), 64-72. [CrossRef]

Tumhyperloop.com. (2023). Europe’s first passenger run under vacuum conditions. Available online: https://tumhyperloop.com/
demonstrator /#passenger-run (accessed on 13 May 2025).

Tumhyperloop.com. (2025). TUM hyperloop. Engineering a world without the limits of distance and time. Available online: https://
tumhyperloop.com (accessed on 13 May 2025).

UK Government. (2017). Glasgow becomes a world-leading smart city. GOV.UK. Available online: https:/ /www.gov.uk/government/
news/glasgow-becomes-a-world-leading-smart-city (accessed on 13 May 2025).

United Nations Department of Economic and Social Affairs (UN DESA). (2023). World urbanization prospects: The 2023 revision. United
Nations. Available online: https://population.un.org/wup/ (accessed on 13 May 2025).

Vesjolijs, A., & Skorobogatova, O. (2025). Evaluating the socio-economic impacts of hyperloop technology through the lens of labour
market: A focus on intelligent transportation, case of Latvia. In K. Arai (Ed.), Advances in information and communication. FICC
2025. Lecture Notes in Networks and Systems, vol. 1283. Springer. [CrossRef]

Vesjolijs, A., Stukalina, Y., & Zervina, O. (2025). Assessment of socio-economic impacts of hyperloop technology on European trade
routes. Economies, 13(3), 65. [CrossRef]

Waseem, M., Ahmad, A., Mékitalo, N., Kotilainen, P., Hastbacka, D., Matasniemi, K., Systd, K., & Mikkonen, T. (2025). Liquid Artificial
Intelligence Through IDSA and GAIA-X Integration. In K. Arai (Ed.), Advances in Information and Communication. FICC 2025.
Lecture Notes in Networks and Systems, vol. 1283. Springer. [CrossRef]

Werner, M., Eissing, K., & Langton, S. (2016). Shared value potential of transporting cargo via hyperloop. Frontiers in Built Environment,
2,17. [CrossRef]

Willems, M. (2021). The impact of the Hyperloop on supply chains. LogisticsMatter. Available online: https://logisticsmatter.com/
the-impact-of-the-hyperloop-on-supply-chains/ (accessed on 13 May 2025).

World Bank. (2020). Urban development overview. World Bank. Available online: https://www.worldbank.org/en/topic/
urbandevelopment/overview (accessed on 13 May 2025).

Yavuz, M. N., & Oztiirk, Z. (2021). Comparison of conventional high speed railway, maglev and hyperloop transportation systems.
International Advanced Research Engineering Journal, 5(1), 113-122. [CrossRef]


https://www.diva-portal.org/smash/record.jsf?pid=diva2:1514003&dswid=4049
https://www.diva-portal.org/smash/record.jsf?pid=diva2:1514003&dswid=4049
https://doi.org/10.1007/978-3-319-19150-8_1
https://doi.org/10.1007/978-3-031-56818-3_10
https://doi.org/10.1109/TITS.2021.3069354
https://ideas.repec.org/a/tpr/restat/v88y2006i4p641-658.html
https://doi.org/10.1162/rest.88.4.641
https://doi.org/10.1109/JPHOT.2021.3113650
https://smart-city-berlin.de/en/smart-city-berlin/strategy-process
https://smart-city-berlin.de/en/smart-city-berlin/strategy-process
https://thedebrief.org/chinas-experimental-flying-train-edges-closer-to-reality-can-hyperloop-succeed-where-others-failed/
https://thedebrief.org/chinas-experimental-flying-train-edges-closer-to-reality-can-hyperloop-succeed-where-others-failed/
https://swiftube.com
https://swissloop.ch/wp-content/uploads/2023/07/Modeling-the-operating-costs-of-Hyperloop.pdf
https://swissloop.ch/wp-content/uploads/2023/07/Modeling-the-operating-costs-of-Hyperloop.pdf
https://www.swisspod.com
https://www.tesla.com/sites/default/files/blog_images/hyperloop-alpha.pdf
https://doi.org/10.1109/TTE.2019.2952075
https://tumhyperloop.com/demonstrator/#passenger-run
https://tumhyperloop.com/demonstrator/#passenger-run
https://tumhyperloop.com
https://tumhyperloop.com
https://www.gov.uk/government/news/glasgow-becomes-a-world-leading-smart-city
https://www.gov.uk/government/news/glasgow-becomes-a-world-leading-smart-city
https://population.un.org/wup/
https://doi.org/10.1007/978-3-031-84457-7_8
https://doi.org/10.3390/economies13030065
https://doi.org/10.1007/978-3-031-84457-7_2
https://doi.org/10.3389/fbuil.2016.00017
https://logisticsmatter.com/the-impact-of-the-hyperloop-on-supply-chains/
https://logisticsmatter.com/the-impact-of-the-hyperloop-on-supply-chains/
https://www.worldbank.org/en/topic/urbandevelopment/overview
https://www.worldbank.org/en/topic/urbandevelopment/overview
https://doi.org/10.35860/iarej.795779

Economies 2025, 13, 228 20 of 20

Zeleros.com. (2025). Zeleros—Your electrification partner. Available online: https:/ /zeleros.com (accessed on 13 May 2025).
Zhang, G., Avery, R. P.,, & Wang, Y. (2007). A video-based vehicle detection and classification system for real-time traffic data collection
using uncalibrated video cameras. Transportation Research Record, 1993, 138-147. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://zeleros.com
https://doi.org/10.3141/1993-19

	Introduction 
	Materials and Methods 
	The Role of Hyperloop Technology for Smart Cities and Urban Development and Examination of Possible Implications for Economic Development 
	Role of Hyperloop Technology for Smart Cities 
	Hyperloop Impact on GDP in the Context of Smart Cities 

	Case Study Context and Smart City Selection for GDP Modeling 
	Results and Discussion 
	Conclusions 
	References

