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Abstract. The article was devoted to the analysis of modern innovative approaches to the restoration of the logistics
infrastructure of Ukraine in the context of post-war recovery and global changes in the world economy. The object of
research was the processes of restoring the transport and logistics infrastructure of Ukraine, taking into account modern
technological and organisational solutions. The purpose of the study was to identify key strategies and technologies
for the reconstruction of the country’s logistics system, taking into account digitalisation, environmental sustainability
and integration into the European transport network. The research methods included mathematical modelling of
traffic flows, analysis of current logistics trends, the use of multi-agent systems for route optimisation, and an empirical
study of international experience. The article discussed the main challenges associated with the restoration of logistics
infrastructure and identified ways to overcome them. In particular, it was proposed to use urban microhubs to optimise
the delivery of goods in cities, to introduce digital technologies (Internet of Things, artificial intelligence, blockchain)
to improve the efficiency of logistics processes, and to develop multimodal transportation. Based on modelling using
Simulation of Urban Mobility, the effectiveness of the proposed approaches to reduce traffic load, cut costs, and reduce
CO. emissions was demonstrated. The results of the article can be used by public authorities, transport companies
and logistics operators to develop a strategy for the restoration and modernisation of Ukraine’s logistics infrastructure.
Forecast assumptions about the development of the research object were related to the further introduction of intelligent
transport systems and digital technologies in the field of logistics, the creation of innovative logistics clusters, and the
integration of Ukraine into European transport corridors

Keywords: digitalisation; multimodal transportation; urban microhubs; route optimisation; transport technologies

Introduction

Restoration of Ukraine’s logistics infrastructure is one of
the key conditions for economic growth and stability of
the country in the post-war period. The large-scale de-
struction of transport arteries, warehouses, ports and
logistics centres requires not only their reconstruction,
but also the introduction of new, innovative approaches

that will ensure increased sustainability and efficiency of
the logistics system. In the current environment of logis-
tics processes, global trends are focusing on digitalisation,
automation, use of environmentally friendly technologies
and development of multimodal transportation. Ukraine
has a unique opportunity to create a more efficient, safe
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and sustainable logistics infrastructure that meets Euro-
pean and global standards using the latest technologies
and innovations. Thus, the problem of restoring Ukraine’s
logistics infrastructure is complex, multidimensional, and
requires the introduction of innovative approaches based
on scientific research, advanced technologies, and strate-
gic planning. Its solution will contribute not only to the
rapid economic recovery of the country, but also to the
creation of a competitive transport network capable of
ensuring sustainable development in the future. The res-
toration of Ukraine’s logistics infrastructure requires inte-
grated planning and modern policy approaches, as noted
by PN. Alves Junior et al. (2021). The study by S. Aebi et
al. (2024) argued that experience from post-conflict set-
tings indicates that infrastructure reconstruction should
be accompanied by the integration of smart technologies.
This is essential for achieving long-term sustainability
and economic resilience. Restoration of logistics infra-
structure in crisis situations and post-war reconstruction
is one of the key areas of modern scientific research. Over
the past three years, the world’s scientific literature has
shown considerable interest in the problems of logistics
digitalisation, integration of sustainable transport sys-
tems and application of innovative solutions to improve
the efficiency of transport infrastructure. According to
J. Zaman et al. (2025), the use of Internet of Things (IoT)
and artificial intelligence (AI) technologies helps optimise
logistics processes in crisis-affected regions. Such tech-
nologies can significantly improve the monitoring of traf-
fic flows and reduce risks in supply management.

Y. Sultana & S.M. Rawoof (2025) studied the role of
blockchain in ensuring the transparency and efficiency of
supply chains in the post-war period. Authors concluded
that the integration of blockchain into the transport re-
source management system reduces costs and minimises
corruption risks. Sustainable development of transport
infrastructure is also a priority of modern research. For
example, A. Jugovi¢ et al. (2025) examined the introduc-
tion of “green corridors” and the use of low-carbon tech-
nologies in the logistics systems of countries recovering
from conflicts. They emphasised that the use of electric
vehicles and hydrogen technologies can significantly
reduce CO, emissions and improve the environmental
performance of the transportation network. One of the
key approaches to the reconstruction of logistics systems
is the development of multimodal transportation. The
study by D.A. Kurniawan (2024) showed that the integra-
tion of rail and road transport can increase the efficiency
of transportation in regions that need rapid recovery. In
addition, the S.E. Antos et al. (2021) report emphasised
the need to introduce modern logistics hubs in urban
centres, which will reduce transportation costs and in-
crease the speed of delivery of goods. Thus, the analysis
of recent research demonstrated that the reconstruc-
tion of Ukraine’s logistics infrastructure should be based
on the application of advanced digital technologies, the
development of multimodal transportation, and envi-
ronmentally sustainable solutions. The rebuilding of
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Ukraine’s logistics infrastructure in the post-war period
is a complex and multidimensional process that requires
a systematic approach and the implementation of in-
novative solutions. Given the large-scale destruction of
transport networks, the key tasks are to ensure the effec-
tive functioning of the logistics system, its adaptation to
new geopolitical conditions and integration into global
transport corridors. The purpose of this article was to an-
alyse modern innovative approaches to the restoration of
Ukraine’s logistics infrastructure in the context of post-
war recovery and global changes in the world economy.
In particular, the study was aimed at solving the following
tasks: (1) assessment of the possibilities of digitalisation
of logistics processes — consideration of the prospects for
the use of Al, blockchain, the IoT and Big Data to opti-
mise traffic management; (2) development of approaches
to increasing the sustainability of the logistics system —
analysis of environmental and energy-efficient solutions
in the transport infrastructure; (3) substantiation of the
role of multimodal transportation — assessment of the ef-
fectiveness of integration of different modes of transport
to increase the capacity and reliability of logistics chains.

Materials and Methods
This study was based on a comprehensive combination
of analytical, mathematical, and simulation approach-
es to investigate logistics processes in the context of
post-war recovery. The research design was applied and
descriptive, involving the development of a theoretical
model of infrastructure restoration followed by its valida-
tion through digital simulation. The object of the study
was the processes of restoring the transport and logistics
infrastructure of Ukraine, taking into account modern
technological and organisational solutions. The subject
of the study included key strategies and technologies for
the reconstruction of the national logistics system, with
particular emphasis on digitalisation, environmental sus-
tainability, and integration into the European transport
network. The research was conducted in several succes-
sive stages. At the first stage, an analysis of scientific lit-
erature was carried out to identify current trends in logis-
tics development, digitalisation of transport processes,
and the use of urban microhubs. The analysis was based
on international research and reports from organisations
such as the World Bank (Antos et al., 2021) and the Euro-
pean Commission (n.d.), as well as scholarly publications
indexed in Scopus and Web of Science. The theoretical
framework was informed by the studies of M. de Bok et
al. (2024), J.-P. Rodrigue (2024), and J. Liu et al. (2025). At
the second stage, mathematical modelling of transport
flows was applied to assess logistics performance and de-
termine optimal delivery routes. Route optimisation was
conducted using the Greedy algorithm, the Vehicle Rout-
ing Problem (VRP), and dynamic routing techniques,
which enabled the identification of efficient delivery con-
figurations and the reduction of transport costs under
varying constraints. At the final stage, simulation model-
ling was implemented as the core analytical tool using the



Simulation of Urban Mobility (SUMO) environment. This
approach enabled the creation of a digital representation
of an urban transport system incorporating different ve-
hicle types, including electric trucks, bicycles, and con-
ventional freight transport, as well as varying traffic con-
ditions and demand patterns.

A multi-agent system (MAS) approach was integrat-
ed into the simulation framework to model interactions
between vehicles and logistics centres. This allowed the
assessment of system adaptability under dynamic traffic
conditions and facilitated the evaluation of decentralised
decision-making processes in logistics operations. The
simulation was conducted using a synthetic urban trans-
port network representing a typical medium-sized Euro-
pean city. The network included arterial roads, second-
ary streets, and central areas with high delivery demand
density, allowing the generalisation of results to similar
urban environments. Each simulation covered a 24-hour
operational cycle, including peak and off-peak periods.
Traffic congestion was modelled through variable vehicle
density and speed constraints, while demand dynamics
were introduced via time-dependent delivery requests.
The modelling scenario incorporated key parameters
affecting logistics performance, including delivery in-
tervals to end users, the number and spatial distribu-
tion of urban microhubs, route network configurations
connecting microhubs with other parts of the city, and
technical characteristics of the transport infrastructure
and vehicle fleet. Input parameters were defined as fol-
lows: traffic intensity ranged from 800 to 1,800 vehicles
per hour on main roads and from 200 to 600 vehicles per
hour on secondary streets; daily delivery demand varied
between 1,200 and 2,500 orders; the freight structure con-
sisted of 65% small parcels, 25% medium shipments, and
10% bulk deliveries; and the average delivery distance
ranged from 3 to 8 km. Model performance was evalu-
ated using indicators of average delivery time, operating
costs, traffic congestion, and CO, emissions. The average
delivery time was calculated as the total duration from
dispatch to final delivery, including travel time, waiting
time at microhubs, and delays caused by congestion. Op-
erating costs were estimated based on vehicle operating
time, distance travelled, fuel or energy consumption, and
maintenance costs. To ensure the reliability of the results,
a total of 30 simulation runs were performed for each
scenario. Two scenarios were analysed: a baseline sce-
nario representing a traditional delivery system without
microhubs, and an experimental scenario incorporating
urban microhubs, optimised routing strategies, and mul-
ti-agent coordination. The number of microhubs varied
from 3 to 7 units, while delivery time windows ranged
from 1 to 4 hours. The model was validated by comparing
the obtained results with findings reported in previous
studies, particularly regarding delivery time reduction
and cost efficiency (de Bok et al., 2024; Ruan et al., 2025).
The consistency of the results with established ranges in
the literature confirmed the adequacy and reliability of
the modelling approach.
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Results and Discussion

Restoring Ukraine’s transport infrastructure after the hos-
tilities is a critical strategic task for stabilising the coun-
try’s economic situation. Transport is a key element of
economic activity, as it ensures not only the movement
of goods and services, but also the continuity of the func-
tioning of enterprises and markets. According to Q. Li &
J.S.L. Lam (2025), transport infrastructure is a fundamen-
tal component of a country’s economic development, and
its restoration is critical to ensuring the efficiency of na-
tional supply chains. The need for rapid and high-quali-
ty infrastructure reconstruction was also emphasised by
J. Liu et al. (2025), who noted that investment in transport
network restoration can significantly accelerate economic
recovery following crises. For Ukraine, given the current
challenges, the restoration of transport networks should
be based on innovative approaches that allow not only to
quickly restore physical infrastructure, but also to ensure
its sustainability and efficiency in the long term. In the
context of global changes and the growing need for envi-
ronmentally friendly sustainable logistics, an important
task is to create a transportation system that combines
efficiency and sustainable development. Implementation
of innovative solutions is key to addressing road conges-
tion, reducing CO, emissions, and improving transporta-
tion efficiency. According to B. Gerrits et al. (2024), one of
the biggest challenges for post-war recovery is adapting
transportation systems to new conditions, which include
the need to use more environmentally friendly modes of
transport and integrate digital technologies into logistics
processes. The main requirements for modern transport
infrastructure include the introduction of digitalisation,
integration of smart transport systems, the use of elec-
tric vehicles, and improved route optimisation methods
to reduce environmental impact and improve economic
efficiency. The restoration of the logistics infrastructure
should not only restore the physical flow of goods, but also
optimise them with the help of modern information tech-
nologies (Ning & Yao, 2023).

One of the most promising solutions for achieving
efficient and environmentally sustainable urban deliv-
ery is the development of a network of urban microhubs.
These facilities represent compact logistics centres lo-
cated at strategically important points within the city,
enabling route optimisation and traffic reduction (de
Bok et al., 2024). Their implementation contributes to
a decrease in transport load, lower CO, emissions, and
improved delivery speed. In addition to physical infra-
structure, microhubs are part of a digitalisation system
that automates the management of logistics processes
and increases their efficiency using the latest technol-
ogies such as the IoT, Al, and route optimisation algo-
rithms. Such solutions can significantly improve logistics
processes and reduce operating costs for companies,
which is confirmed by numerous studies on the example
of European cities (Rodrigue, 2024). Urban microhubs
are compact, well-located logistics centres within the
city that provide convenient distribution of goods to the
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end consumer. They help optimise the last mile of deliv-
ery, reducing costs and the burden on urban transport
infrastructure. The main goal of microhubs is to reduce
the need for large vehicles to deliver goods to city cen-
tres by replacing them with smaller, more environmen-
tally friendly vehicles such as electric trucks or bicycles.
Since 2022, European countries have implemented ini-
tiatives incorporating urban microhubs to reduce traffic
congestion and improve the efficiency of urban logistics.
For example, in the Netherlands, where this approach has
been actively adopted, a 20% reduction in the number of
trucks was recorded, leading to a 10% decrease in urban
air pollution (European Commission, n.d.). One of the
main advantages of urban microhubs is the reduction of
traffic congestion, as large freight vehicles are replaced
by more compact and flexible modes of transport. This

transition can decrease the number of trucks in urban ar-
eas by approximately 20-30% (Rodrigue, 2024). Another
important advantage is the reduction of CO, emissions,
as the use of electric transport for last-mile delivery sig-
nificantly decreases environmental impact. For instance,
electric courier services can reduce emissions by up to
40% compared to conventional diesel vehicles (de Bok et
al., 2024). Another advantage is the improvement in de-
livery speed, as decentralised logistics facilities reduce
the distance required to reach final destinations. This can
increase overall operational efficiency by approximately
30-40% compared to conventional delivery systems. Ta-
ble 1 presents a comparison of the efficiency of urban mi-
crohubs and traditional delivery systems, allowing for an
assessment of the advantages of these logistics solutions
in urban environments.

Table 1. Comparison of the efficiency of urban microhubs and traditional delivery

Parameter Traditional delivery Urban microhubs
Reduced traffic 0% 20-30%
Reduced delivery time 0% 30-40%
Reducing CO, emissions 0% 40%
Increase delivery efficiency 0% 30-40%

Source: compiled by the authors based on M. de Bok et al. (2024), European Commission (n.d.)

The data presented in Table 1 indicate that the im-
plementation of urban microhubs is associated with im-
provements in delivery efficiency. Compared to conven-
tional delivery models, their use contributes to reduced
traffic congestion and lower environmental impact, pri-
marily due to the replacement of heavy freight vehicles
with more sustainable transport solutions. Overall, the
findings suggest that decentralised logistics infrastruc-
ture can enhance delivery flexibility and support more
efficient urban distribution processes, particularly in
densely populated areas. Within this study, the digital-
isation of logistics processes was considered an integral
component of the microhub-based delivery model. The
application of digital technologies facilitated coordi-
nation between logistics operators, transport systems,
and end users. In this context, digital transformation
functioned as a supporting technological framework
that enhanced the overall efficiency of microhub-based
logistics systems, rather than as an independent devel-
opment direction.

IoT and AI technologies to optimise logistics opera-
tions Digitalisation of logistics processes has become a

major trend in recent years. The introduction of IoT and
Al technologies allows automating the processes of plan-
ning, tracking goods and managing vehicles. The IoT al-
lows connecting all elements of the logistics system into
a single network, which makes it possible to effectively
track the location of goods and predict delivery requests
in real time. The use of modern technologies, such as
IoT and Al, contributes to the improvement of logistics
processes, as evidenced by the data in Table 2. IoT tech-
nologies improve logistics efficiency through the use of
smart sensors, GPS trackers, automated cargo moni-
toring systems and digital communication platforms.
These technologies enable real-time monitoring of car-
go movement, allow predictive maintenance of vehicles
and provide accurate delivery scheduling. The integra-
tion of IoT platforms ensures continuous data exchange
between logistics operators, microhubs and transport
infrastructure, significantly improving operational co-
ordination. Al uses machine learning algorithms to pre-
dict demand, plan routes, and even manage inventory.
It is estimated that the use of Al in logistics can increase
transportation efficiency by 15-25% (Ning & Yao, 2023).

Table 2. Impact of IoT and Al technologies on the efficiency of logistics processes

Technology Impact on efficiency Notes
IoT 10-15% Improved cargo tracking
Al 15-25% Demand forecasting and route optimisation
Combination IoT and Al 20-35% Integrated traffic flow management

Source: compiled by the authors based on L. Ning & D. Yao (2023), Z. Ruan et al. (2025)

The results showed that the integration of IoT tech-
nologies improves cargo tracking accuracy and provides
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real-time monitoring of transportation processes. [oT de-
vices such as GPS sensors, smart trackers and automated



monitoring systems allow logistics operators to collect
operational data about vehicle movement, cargo condi-
tions and traffic flows. Al complements these technolo-
gies by analysing collected data and predicting demand,
which significantly improves route planning and resource
allocation efficiency. To maximise the efficiency of logis-
tics processes, it is important to use algorithms for route
optimisation, such as Greedy Algorithm, VRP, Dynamic
Routing, and MAS. The Greedy algorithm is a heuristic
approach that constructs a solution by iteratively select-
ing the locally optimal option at each stage. This enables
the rapid identification of feasible delivery routes, par-
ticularly in relatively simple or constrained scenarios.
VRP is a more complex task that takes into account re-
strictions on the number of vehicles and their routes, tak-
ing into account time and distance. Dynamic routing was
applied to enable real-time adaptation of delivery routes
in response to changing road and traffic conditions. In
addition, MAS were employed to model and optimise
logistics processes, wherein individual agents interacted
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to achieve coordinated system-level performance and
global optimisation.

The effectiveness of urban microhub implementation
was evaluated through simulation modelling using the
SUMO environment, which enabled the creation of dig-
ital representations of urban transport systems and the
detailed simulation of vehicle movements under varying
traffic conditions, cargo distribution patterns, and fleet
characteristics. The results demonstrated that, compared
to the baseline delivery model, the introduction of urban
microhubs led to a reduction in average delivery time by
approximately 25-30% and a decrease in operating costs
by 15-20%, including savings in fuel consumption and
vehicle maintenance. These findings indicate that the mi-
crohub-based approach enhances the efficiency of urban
logistics systems while reducing pressure on transport
infrastructure and mitigating environmental impacts. To
further examine alternative delivery configurations, ad-
ditional simulations were conducted, the results of which
are presented in Table 3.

Table 3. Comparison of modelling results of traditional delivery and delivery through microhubs

Parameter Traditional delivery Urban microhubs
Average delivery time (hours) 2.5 1.8
Operating expenses (percentage) 100 80
Number of freight vehicles 100 70
Reducing emissions CO, (%) 0 25

Source: compiled by the authors based on J.-P. Rodrigue (2024)

The results presented in Table 3 are based on 30
simulation runs for each scenario and represent aver-
age values. To assess the stability of the obtained results,
minimum and maximum values were also recorded.
The modelling results confirmed the effectiveness of
microhub-based logistics compared to traditional deliv-
ery systems. The reduction in delivery time and vehicle
numbers indicates improved traffic flow distribution and
more efficient use of transportation resources. The data
also demonstrate the environmental benefits of logistics
optimisation, particularly through reduced carbon emis-
sions and improved operational performance. For the
traditional delivery scenario, the average delivery time
ranged from 2.3 to 2.8 hours, with a standard deviation
of +0.2 hours. In the microhub-based scenario, delivery
time varied between 1.6 and 2.0 hours, with a standard
deviation of +0.15 hours. Operating costs in the baseline
model ranged from 95% to 105% (normalised baseline),
while in the experimental model they varied between
75% and 85%, indicating consistent cost reduction. The
number of freight vehicles fluctuated within +5% of the
reported values, confirming the stability of the simulation
outcomes. The baseline scenario represents a traditional
centralised delivery model, where goods are transported
directly from distribution centres to final customers using
conventional diesel vehicles without route optimisation.
The experimental scenario includes:

« integration of 3-7 urban microhubs;

« use of electric vehicles and bicycles for last-mile de-
livery;

« implementation of dynamic routing algorithms and
multi-agent coordination.

The average delivery time includes total time from
dispatch to final delivery, including travel time, waiting
time at microhubs, and delays caused by traffic conges-
tion. Operating costs were calculated based on total ve-
hicle operating time, distance travelled, fuel or energy
consumption, and estimated maintenance costs. The
analysis of European initiatives in Germany, France, and
the Netherlands demonstrated that the adoption of urban
microhubs has been associated with improved delivery
efficiency and reduced traffic congestion. Across these
countries, multiple projects have been implemented to
enhance urban logistics performance through the inte-
gration of decentralised distribution solutions. In major
German cities such as Berlin and Munich, a network of
microhubs has been implemented, which significantly re-
duces the number of trucks on the roads. According to the
results of the projects, it is possible to reduce traffic by 20-
25% and reduce delivery time by 15-20% (European Com-
mission, n.d.). Paris (France) is also actively integrating
microhubs into its urban logistics. The introduction of the
microhub system as part of the Paris Logistic Hub project
has increased the speed of delivery of goods by 30%, while
reducing CO, emissions by 20% compared to traditional
delivery methods (Crainic & Montreuil, 2015). Amsterdam
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(Netherlands) is an example of successful integration of
microhubs into the urban logistics system. Here, the in-
troduction of microhubs has reduced traffic congestion

by 15% and reduced emissions of harmful gases by 18%
(Rodrigue, 2024). The experience of European cities in im-
plementing urban microhubs is presented in Table 4.

Table 4. Results of microhubs implementation in European cities

Country Reduced traffic (%) Increase the speed of delivery (%) Reducing emissions CO- (%)
Germany 20-25 15-20 10-15
France 15-20 30 20
Netherlands 15 25 18

Source: compiled by the authors based on T.G. Crainic & B. Montreuil (2015), European Commission (n.d.)

Table 4 confirmed that the implementation of mi-
crohubs has a positive impact on urban logistics per-
formance. European cities demonstrated consistent
improvements in delivery speed and environmental
indicators. These results highlighted the relevance of
coordinated infrastructure planning and integration of
sustainable transportation technologies. Studies of Euro-
pean initiatives show that the introduction of urban mi-
crohubs helps to reduce traffic and increase delivery effi-
ciency. Given the experience of other countries, Ukraine
has the opportunity to effectively use this concept to im-
prove its logistics infrastructure.

Technological solutions to improve efficiency. In-
telligent transportation systems (ITS) are an important
component for improving the efficiency of logistics and
traffic management in modern cities. They use advanced
technologies to monitor and control traffic flows, as well
as to predict and manage infrastructure loads. Such sys-
tems can achieve significant improvements in the follow-
ing areas:

1. Traffic monitoring. IoT-based systems allow for con-
tinuous real-time monitoring of road conditions and conges-
tion, which makes it possible to adjust cargo delivery routes.

2. Traffic flow management. The use of sensors and
cameras for vehicle tracking enables effective queue man-
agement on congested road sections and the redirection
of traffic to less congested routes.

3. Data analysis. Intelligent transportation systems
can process large amounts of data to predict congestion
and adjust routes in real time. This makes it possible to
reduce travel time and increase vehicle efficiency.

Studies by J.-P. Rodrigue (2024) and O.-O. Aderibigbe
& T. Gumbo (2024) indicated that the application of ITS
can reduce delays by approximately 15-20% and improve
transportation efficiency by around 25%. Furthermore,
the integration of ITS with modern infrastructure solu-
tions was associated with a reduction in the load on urban
transport systems, contributing to more sustainable ur-
ban mobility. The impact of ITS on logistics performance
is illustrated in Table 5.

Table 5. The impact of intelligent transportation systems on delivery efficiency

Parameter Before ITS implementation After the implementation of ITS
Delivery time (hours) 2.5 1.8
Operating expenses (%) 100 80
Average traffic delay time (min) 15 5
Number of vehicles 100 70

Source: compiled by the authors based on J.-P. Rodrigue (2024), O.-O. Aderibigbe & T. Gumbo (2024)

The data illustrated that intelligent transport sys-
tems significantly improve traffic flow coordination and
reduce delays. The integration of ITS enables predictive
traffic management and dynamic route adjustments,
which leads to improved delivery reliability and reduced
operational costs. These results confirm the strategic
importance of ITS implementation in modern logistics
systems. MAS are one of the most promising approaches
to optimising cargo delivery, as they allow for the auto-
matic management of complex processes involving inter-
action between numerous agents (in this case, vehicles,
couriers, and other logistics elements). MAS were char-
acterised by several key features, including distributed
control, interactive route optimisation, and adaptability.
Within such systems, individual agents (e.g., vehicles) op-
erated autonomously, making decisions based on current
conditions, which contributed to reduced delays and im-
proved delivery efficiency. In addition, agents interacted
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with one another to optimise delivery routes in real time,
enabling dynamic adjustments in response to changing
traffic conditions. A further advantage of this approach
was its adaptability, allowing the system to respond effec-
tively to variations in traffic, weather, and unforeseen dis-
ruptions. Examples of multi-agent logistics applications
included automated fleet coordination platforms used in
smart city projects and distributed warehouse manage-
ment systems. In such systems, each vehicle operates as
an independent agent capable of dynamically adjusting
delivery routes based on traffic data. Similar approaches
are implemented in automated parcel delivery services
and robotic warehouse logistics systems, where agents
coordinate delivery tasks without centralised control.
J.-P. Rodrigue (2024) noted that the introduction of MAS
can reduce delivery time by 20-30% and increase vehicle
utilisation by 25-40%. In addition, when combined with
other technologies such as Al and IoT, multi-agents allow



for flexible management of routed cargo flows in urban
environments. As can be seen from Table 6, MAS can
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significantly improve logistics processes by optimising
routes and traffic flow management.

Table 6. The impact of MAS on logistics efficiency

Parameter Without MAS From MAS
Delivery time (hours) 3.0 2.0
Reduced fuel costs (%) 0 15
Route optimisation (%) 0 25
Number of delays in delivery (%) 30 10

Source: compiled by the authors based on T.G. Crainic & B. Montreuil (2015), J.-P. Rodrigue (2024)

MAS are actively used in smart city projects and au-
tomated warehouse management platforms. For example,
distributed fleet management systems allow vehicles to
independently adjust delivery routes based on real-time
traffic data. Similar approaches are used in automated
parcel delivery networks and robotic warehouse logistics.
The presented results confirm that multi-agent coordi-
nation improves delivery stability and reduces delays by
enabling adaptive decision-making processes. Thus, intel-
ligent transport system technologies and MAS are power-
ful tools for improving the efficiency of urban logistics, re-
ducing delays, optimising delivery routes, and improving
the overall productivity of transport operations.

The obtained results were consistent with recent in-
ternational studies on sustainable logistics development.
Y. Sun et al. (2021) emphasised the role of digital technolo-
gies in enhancing the resilience of logistics systems, which
was supported by the modelling results presented in this
study. Similarly, A. Shafiee et al. (2026) demonstrated that
urban microhubs significantly improved last-mile deliv-
ery efficiency, which aligned with the simulation findings
indicating reduced delivery times and lower operational
costs. In comparison, M. Browne et al. (2012) highlight-
ed the importance of intelligent transport systems in op-
timising traffic flow, whereas the present study further
demonstrated their relevance in the context of post-war
infrastructure recovery. Furthermore, the integration
of multi-agent logistics management, as described by
B. Kin et al. (2024), supported the findings regarding en-
hanced delivery adaptability and a reduction in delays.
Therefore, the combined use of microhubs, digital tech-
nologies and ITS represents a comprehensive approach to
rebuilding logistics infrastructure in Ukraine. One of the
key areas of development is the wider adoption of digital
technologies in urban logistics. This involves the imple-
mentation of advanced solutions for the automation and
monitoring of transport processes, as well as the refine-
ment of algorithms to optimise delivery operations and
traffic management. To manage demand and traffic flows
even more efficiently, it is necessary to develop Al systems
that can predict changes in demand, determine optimal
delivery routes in real time, and adapt logistics strategies
to changing road conditions. A fundamental component
of development is the creation of infrastructure for mi-
crohubs, including their integration with other parts of
the urban transportation system. This will facilitate fast-
er adaptation to changes in the urban environment and

improve cooperation between different modes of trans-
portation. Prospects for Ukraine’s integration into the Eu-
ropean transport network. Ukraine’s integration into the
European transport network opens up new opportunities
for the development of international transportation and
improved cooperation with other European countries. The
creation of efficient and environmentally friendly urban
logistics, including micro hubs and digital solutions, will
help attract investment in the development of Ukraine’s
transport infrastructure. Thanks to modern technologies,
such as Al and digital platforms, Ukraine will be able to
establish closer cooperation with European countries,
increase the efficiency of its logistics processes, and in-
tegrate into the European transport network. The results
obtained in this study, particularly the 25-30% reduction
in delivery time, were consistent with the findings of
K. Katsela et al. (2022) regarding the impact of microhubs
on urban logistics efficiency. Furthermore, the simula-
tion model confirmed the global trend towards the digital
transformation of city logistics, which has been shown to
provide new opportunities for addressing transport chal-
lenges (Taniguchi et al., 2016; Ballare & Lin, 2020). Overall,
the implementation of innovative solutions, such as ur-
ban microhubs and the digitalisation of logistics, will al-
low Ukraine not only to rebuild its infrastructure but also
to become part of the modern European transport system,
contributing to sustainable economic and environmental
development.

Conclusions
The study confirmed that innovative logistics solutions
play a key role in rebuilding the transport infrastructure
of Ukraine under conditions of post-war recovery and
increasing integration into global supply chains. The
findings demonstrated that the implementation of ur-
ban microhubs contributes to a significant reduction
in traffic congestion by decreasing the number of heavy
freight vehicles operating in densely populated areas. At
the same time, the decentralisation of logistics process-
es enabled shorter delivery distances and improved time
efficiency, resulting in a measurable reduction in average
delivery time and operating costs. The results obtained
through simulation modelling using the SUMO envi-
ronment showed that the combined application of mi-
crohub-based logistics, route optimisation algorithms,
and multi-agent coordination ensures more efficient
use of transport resources and enhances the flexibility of
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logistics systems under dynamic traffic conditions. The
integration of digital technologies, including IoT and Al,
further strengthens these effects by enabling real-time
data exchange, demand forecasting, and adaptive route
planning, which improves decision-making and opera-
tional coordination. In addition, the study confirmed the
environmental benefits of innovative logistics approach-
es, particularly through reduced CO, emissions and more
sustainable use of urban transport infrastructure. The

in order to ensure the resilience and long-term sustaina-
bility of Ukraine’s logistics system. Future research should
focus on the practical implementation of these models
in real urban environments, including the optimisation
of microhub placement, the integration of multimod-
al transport systems, and the development of advanced
Al-driven decision-support tools.
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AHoTauif. CTaTTI0O MPUCBSYEHO aHAJi3y CyYacHUX iHHOBAIIMHWX MiIXOAiB MO BiIHOBJIEHHS JOTiCTUYHOI
iHppacTpyKTypu YKpaiHU B yMOBax IicAsIBOEHHO]I BifOy0BM Ta I00AJIBHUX 3MiH CBiTOBOI eKOHOMIKHU. O0’'€KTOM
JOCTimKeHHA OyIu MPoIecy BiTHOBJIEHHS TPAHCIOPTHO-JOTiCTUYHOI iH(PaCcTPYKTypHu YKpaiHU 3 YpaxyBaHHAM
Cy4YaCHHUX TEXHOJIOTiYHMUX Ta Opra”isaniiHux pimeHb. MeTO0 JOCJIIKEeHHsS OyJI0 BU3HAYEHHS KJIIOUOBUX
cTpareriii i TeXHOJIOTiH PeKOHCTPYKLIT JOTiCTUYHOI CHCTeMH KpaiHM! 3 ypaxyBaHHAM Iudposisarii, ekosoriyHol
CTaJIOCTi Ta iHTerparii 10 €eBpoNechbKOi TPAHCIIOPTHOI Mepeski. MeTOnM MOC/IiI;KeHHsI BRJIIOYAJIN MaTeMaTuyHe
MOfeIIOBaHHSA TPAHCIOPTHUX IIOTOKIB, aHa/i3 Cy4acCHUX TeHJeHIill PpPO3BUTKY JOTiCTUKU, BUKOPUCTAHHSA
MYJBTUAareHTHUX CUCTEM I ONTUMi3allii MapuIpyTiB, a TAKOK eMIipyuyHe JOCJiKeHHs MisKHapOIHOI'0 10CBiAy.
VY cTaTTi pO3TIAHYTO OCHOBHI BUKJIUKY, IIOB’sA3aHi 3 BiTHOBJIEHHAM JIOTicCTHYHOI iHppacTpyKTypH, Ta BU3HAYEHO
LIIJISAXY 1X TOJ0JIaHHSA. 30KpeMa, 3alipOIIOHOBAHO BUKOPHUCTAHHS MiCBKHUX MiKpoxabiB MJist onTuMisaril JoCTaBKA
TOBapiB y MicTax, BIpOBaJKeHHA IU(POBUX TEXHOJIOTill (iHTepHeT pedell, IITYyYHUH iHTeseKT, OJIOKYeNH)
JJIs OifgBUIEHHS edeKTUBHOCTI JIOTICTUMYHUX INIPOIIECiB, a TaKOKX PO3BUTOK MYJIBTHUMOJAJBHUX IepeBe3eHb.
Ha ocHoBi MonentoBaHHA i3 BukopucTaHHAM Simulation of Urban Mobility mponemMoHCTpoBaHO e(eKTUBHICTH
3aIPONOHOBAHHUX MiIXOAIB 00 3MEHIIEHHsI TPAHCIIOPTHOI'O HABAHTAKEHHA, CKODOYEHHS BUTPAT Ta 3HU)KEHHSA
BUKUJIB CO,. Pe3yabraTu JOCHiIKeHH MOKYTh OyTH BUKOPHUCTAHI OpraHaMHU iep KaBHOI BJIagu, TPAaHCIOPTHUMU
KOMIIaHiAMU Ta JIOTICTUYHUMHU oOIlepaTopaMu AJsA pPo3poOJIeHHs CTpareriii BifHOBJIEHHA Ta MojepHisamii
JioricTu4YHOI iHDPacTPYKTypH YKpaiHu. [IporHo3Hi NpUIyIIeHHs 00 PO3BUTKY 06'€KTa JOCTiIKeHHA 0B 13aHi
3 MOAAJbIINM BIPOBAJKEHHAM iHTeJIeKTyaJbHUX TPAHCHOPTHUX CHCTeM i IuGpPOBUX TexHoJIOrilt y cdepi
JIOTiCTUKH, CTBOPEHHAM iHHOBAIifHUX JIOTiCTUYHUX KJIACTEPiB, a TAKOXK iHTerpalieio YKpalHu J0 eBpONeHChbKUX
TPAHCIOPTHUX KOPUAOPIB

KnioyoBi cnosa: mudposisaliis; MyJIsTUMORAIbHI TepeBe3eHHs; MicbKi Mikpoxabu; onTuMisariis MapIIpyTiB;
TPaHCHOPTHI T€XHOJIOTIT
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