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OPTIMIZATION OF UKRAINE-EU LOGISTICS ROUTES UNDER
WARTIME RISKS

Danylo Grabovsky, Dmytro Bugayko. “Optimization of Ukraine-EU Logistics Routes Under
Wartime Risks”. The full-scale war has fundamentally transformed freight flows between Ukraine and the
European Union, restricted the use of traditional maritime routes, and substantially increased pressure on road,
rail, and inland waterway corridors. Under these conditions, logistics route selection cannot be based solely on
minimizing distance or transportation costs. It must also account for delivery time, infrastructure capacity,
border-crossing delays, technical interoperability, disruption probability, and security risks. The purpose of this
study is to substantiate approaches to optimizing logistics routes between Ukraine and the EU under wartime
risks and to identify the factors determining the choice of an efficient, reliable, and resilient route. The
methodological framework combines a systems approach, comparative analysis of the principal transport
corridors, synthesis of multimodal transport practices, and a multi-criteria approach to logistics decision-
making. The study proposes a conceptual objective function incorporating transportation cost, delivery time,
risk level, and delay probability, with the weight assigned to each criterion depending on the type, urgency, and
value of the cargo. The Polish, Slovak, Hungarian, Romanian, and Danube corridors are examined. The findings
indicate that logistics resilience cannot be ensured by a single universally optimal route; instead, it requires a
portfolio of interchangeable primary, backup, and supplementary corridors. The principal constraints on route
optimization include insufficient capacity at individual border crossings, border queues, incompatibility
between the Ukrainian and European railway gauges, limited terminal capacity, and the risk of transport
infrastructure disruption or damage. The study substantiates the need to expand multimodal transportation,
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develop logistics hubs in western Ukraine, extend European-standard railway infrastructure, and strengthen the
Danube transport corridor. Digital platforms, GPS and geographic information systems, transport management
systems, and artificial intelligence tools are shown to provide a foundation for forecasting delays and
dynamically adjusting routes in response to changing operational conditions. The practical significance of the
results lies in their potential application by logistics companies and public authorities when designing resilient
transport networks, planning alternative corridors, and improving the continuity of Ukraine’s foreign trade. The
proposed approach links operational efficiency with supply chain resilience and treats route redundancy as an
essential component of logistics optimization under wartime uncertainty.

Keywords: route optimization, transport logistics, wartime risks, transport corridors, multimodal
transportation, supply chain resilience, logistics digitalization

HAanuno lpaboecebkuii, mumpo byeaiiko. «Onmumizayia nozicmuyHUX mMapuwipymie mix
YkpaiHotlo ma €C 8 ymosax 80€EHHUX pu3uKie». [TosHomacwmabHa 8iliHa 00KOPIHHO 3MiHUIA cmMpyKkmypy
B8AHMAXHUX NOMOKIi8 MiX YkpaiHoto ma €sponelicokum CoOr30M, 0OMeXUna 8UKOPUCMAHHA MPpaouyitiHux
MOPCbKUX Mapuwipymis i cymmego niosuwyusia HagaHmaxeHHA Ha dsmomobinbHi, 3a1i3HUYHI ma pidkosi
MPAHcNopmHi Kopudopu. 3d mMAkux ymoe 8ubip s102iCMUYHO20 MApWpymy He MOXe [pyHmysamucs
BUKJIIOYHO HA MiHImi3ayii eidcmaHi abo eapmocmi nepese3eHHs, OCKislbKU HeobxiOHO 0OHOYdCHO
spaxogygsamu 4ac 00CMAsKU, NPONYcKHy 30amHicme iHGpacmpykmypu, mpusasicme NPOXOOXXeHHS
KOpOOHY, MeXHI4YHy CYMICHICMb MPAHCNOPMHUX cucmem, iMOBipHiICMb 3ampumokK i 6e3nekosi pusuKu.
Memoto 0ocnioxeHHA € 06rpyHmMys8aHHs nioxodie 00 onMmumi3ayii 102icmuyHUX Mapwpymis mix YkpaiHoto
ma €C 8 yM08ax 80EHHUX pU3UKi8 | BUSHAYEHHS YUHHUKIB, AKi 8n1U8Aoms Ha 8ubip ehekmueHoz0, HadiliHo20
ma cmilikoeo mapwpymy. MemodonoziyHy OcHO8Y OOC/TIOXeHHA CMAHo8nAMb cucmemMHuUd nioxio,
NOpIBHAIBbHUU AHA/3 OCHOBHUX MPAHCNOPMHUX KOPpUOOPI8, y3a2anbHeHHA NPAKMUKU MYy/1bmUMOOaIbHUX
nepegeseHb | 6azamokpumepianbHuli nioxi0 00 NpUUHAMMA J102ICMUYHUX pilieHb. 3anponoHO8AHO
KOHUenmyasbHy Yinbosy yHKUiI0 8ubOpy Maplupymy, aKa 8paxosye mpaHcnopmHi sumpamu, mpusasaicme
0ocmasku, piseHb pusuky ma UmMOo8ipHICMb 3aMpUMKU, d 8a20MICMb KOXHO20 KpUMepIo 8U3HAYAEMbCA
sudom, mepmiHosicmio | uiHHicmio saHmaxy. [lpoaHanizosaHo nosbcbKUl, C108aybKul, YeopcbKud,
pymyHcokul i [yHalicekul Kopudopu ma 8cmAHoB/1eHo, Wo cmilikicme Js102icmuyHoi cucmemu
3a6e3nedyyemobca He OOHUM YHIBepCAIbHO ONMUMAJIbHUM MApWwpymom, a nopmepesiemM 83AEMO3AMIHHUX
OCHOBHUX, pe3ep8HUX i 000aMKO8UX HaNPAMI8. BUSHAYeHO K/1t0408i 0OMexXeHHA MapwpymHoi onmumisayii:
HeAoCMamHio NponyckHy 30amHicms OKpeMux NyHKMig nponycky, Yepau Ha KOPOOHiI, BIOMIHHICMb WUPUHU
3ani3HuUYHOI Konii YkpaiHu ma €C, obMmexeHi MOX/IUBOCMI MepMiHaGnie | pu3uKU NOUWKOOXeHHA
mpaHcnopmHoi iHppacmpykmypu. O6rpyHmMos8aHo 00UiIbHiCMb pO38UMKY MYy/TbMUMOOA/IbHUX Nepese3eHs,
J1I02icmuydHuUX 8y3/1i8 y 3axiOHUX pe2ioHax YkpaiHu, iHgppacmpykmypu esponelicbkoi konii ma JlyHaticekozo
mpaHcnopmHo20 kopuoopy. [lokazaHo, wo yugposi nnamgopmu, cucmemu GPS i GIS, cucmemu ynpasniHHsA
MpaHcnopmom ma [HCMpyMeHmMu WMmy4yHOo20 iHMesieKmy Cmeopiolomb OCHOB8Y 071 NPO2HO3YB8AHHA
3ampumoK | OUHAMIYHOI 3MiHU Mapwpymy 8i0nogioHo 00 nomoyHoi cumyayii. [Tpakmu4yHe 3Ha4YeHHs
pe3ysbmamie noJbeae y MOXAUBOCMI IX BUKOPUCMAHHA JI02ICMUYHUMU KOMNAHIAMU U op2aHamu
0epxasHo20 ynpassiHHA 0718 hopMy8aHHA CMIUKUX MPAHCNOPMHUX Mepex, N/IaHYy8AHHA aslbMepHamMuU8HUX
mapwpymis i niosuwieHHs 6e3nepeps8HOCMi 308HIWIHbOI Mop2ieni YKpaiHu.

Knro4oei cnoea: ontumisauia mMapLlupyTiB, TPaHCMOPTHA JIOTICTUKA, BOEHHI PU3MKK, TPAHCMOPTHI
Kopuzopw, MynbTUMOAANbHI NepeBe3eHHs, CTINKICTb NaHUoriB nocTayaHHs, LmdpoBsizauia norictmku.

Introduction. Cooperation between governed by the Association Agreement
Ukraine and the EU in the transport sector is between Ukraine and the European Union,
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the European Atomic Energy Community, and
their member states. The aim is to promote
the development of stable transport systems,
ensure efficient and safe transportation, as
well as intermodality and operational
compatibility of transport systems. (Mission
Ukraine to European Union (2026)).

In today’s environment, logistics is one of
the key factors supporting stable
international trade and economic
development. For Ukraine, the transport and
logistics system is particularly important: the
country remains an important link in
European and international supply chains,
while its geographical position creates
opportunities for active transport
connections with the European Union and
other regions of the world (Ministry of
Infrastructure of Ukraine (2025), European
Commission (2025)). At the same time, the
full-scale war has fundamentally changed the
conditions in which the transport system
operates, forcing both businesses and the
state to seek new logistics solutions.

Before 2022, a significant share of
Ukrainian exports and imports moved
through Black Sea ports. Maritime transport
made it possible to ship large volumes of
grain, metallurgical products, raw materials,
and other cargo at relatively low cost. As a
result of hostilities, infrastructure damage,
and restrictions on navigation, a substantial
share of freight flows had to be redirected to
land and river routes.

With maritime transport constrained, part
of the load shifted to road and rail crossings
with the EU and to the Danube corridor. As a
result, Poland, Slovakia, Hungary, and
Romania became even more important as
transit countries. At the same time, the
European Union launched the Solidarity
Lanes, a network of alternative corridors that
helped maintain the flow of Ukrainian exports
and imports.

Under these conditions, the shortest
route is far from always being the best one.
Transport planning must simultaneously take
into account cost, transit time, infrastructure

162-168
v.38 (2026)
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capacity, border conditions, technical
limitations, and wartime risks. Route
optimization between Ukraine and the EU is
therefore not merely an operational task for
logistics companies, but an important
component of the country’s economic
resilience.

The purpose of this study is to identify the
main approaches to optimizing logistics
routes between Ukraine and the European
Union under wartime risks and to analyze the
factors that influence the choice of an
efficient, reliable, and resilient route.

1. Transformation of Ukraine’s
Logistics System during the War. The full-
scale war has placed Ukraine’s transport
system under severe pressure. Changes in
port operations, damage to rail and road
infrastructure, risks to warehouse facilities,
and general instability have forced
established supply chains to be reorganized
rapidly.

One of the most visible changes has been
the reduced ability to use traditional maritime
routes. As a result, Ukraine’s land border with
EU countries has gained strategic importance,
with Poland, Slovakia, Hungary, and Romania
becoming key directions for a significant
share of Ukrainian exports and imports.

The EU Solidarity Lanes have played an
important role in this restructuring. They
provided additional road, rail, river, and
maritime routes through which Ukraine can
export agricultural products, metals, and
industrial goods while importing fuel,
equipment, humanitarian cargo, and other
essential products.

At the same time, shifting a substantial
share of freight traffic to land routes created
new problems. One of the most important is
the limited capacity of certain border
crossings. Even when roads and railways
within  Ukraine operate without major
restrictions, cargo may still lose considerable
time at the border itself.

For this reason, the efficiency of an
international route cannot be assessed solely
by the distance between origin and

This work is licensed under a Creative Commons Attribution 4.0 International License



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

destination. Actual border-crossing time, road
congestion, terminal availability,
transshipment options, and the overall
condition of infrastructure all have a direct
impact on delivery performance.

Another persistent challenge is the
difference between Ukrainian and European
railway gauges. Ukraine predominantly uses
the 1,520 mm gauge, while the standard
across most EU countries is 1,435 mm. At the
border, this often requires additional
operations such as cargo transshipment,
changing rolling stock, or applying
specialized technical solutions.

Expanding European-standard gauge
infrastructure  within ~ Ukraine  could
significantly simplify integration with the EU
transport system. In the long term, it could
reduce cargo handling time at the border and
make rail transport faster and more
predictable.

2. Main Ukraine-EU Logistics
Corridors. Several key corridors currently
shape international freight transport between
Ukraine and the European Union.

The Polish corridor remains one of the
most important because of Poland’s
developed transport infrastructure and
convenient access to Germany, the Czech
Republic, the Baltic states, and other EU
markets. It is used extensively by both road
and rail transport. Its main advantage is the
large number of transport connections and a
dense road and railway network. However,
heavy pressure on individual border crossings
can lead to queues and significantly longer
delivery times.

The Slovak corridor through Zakarpattia
provides access to Central European markets,
including the Czech Republic, Austria, and
Germany. It is particularly promising for rail
logistics. The development of European-
standard gauge sections is gradually reducing
the impact of technical incompatibility
between the railway systems.

Hungary can serve as an alternative
corridor when routes through Poland or
Slovakia are congested, temporarily

162-168
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restricted, or economically inefficient. The
availability of several interchangeable
directions is precisely what makes the
logistics system more resilient.

The Romanian corridor is particularly
important because it provides access to the
Port of Constanta. A multimodal model can be
effective here: cargo is transported to
Romania by road or rail and then continues by
sea.

The Danube transport corridor also
occupies a distinct position. River transport
can handle significant cargo volumes and
connect Ukrainian logistics with European
ports. This is especially important for grain
and other bulk commodities.

For resilient logistics, Ukraine needs not
one supposedly ideal route, but several fully
functional corridors. If one direction becomes
congested, blocked, or otherwise disrupted,
part of the freight flow can then be redirected
quickly to another.

3. Factors in Logistics Route
Optimization. Under stable conditions,
routes are usually compared primarily in
terms of price and transit time. During
wartime, that is not enough. Reliability must
also be included in the calculation: a cheaper
and shorter route may prove to be the worse
option if the risk of blockage or prolonged
delays is high.

Transportation cost remains a basic
indicator. It includes not only fuel expenses,
but also driver wages, the use of vehicles and
infrastructure, loading and unloading
operations, and related charges.

Delivery time is equally important. For a
business, a delayed shipment may result in
production downtime, additional storage
costs, missed contractual deadlines, and
direct financial losses.

Border waiting time should be calculated
separately. On some routes, waiting at a
border crossing may be comparable to the
actual driving time or even exceed it. Distance
alone therefore says little about real delivery
speed; data on the actual or average

This work is licensed under a Creative Commons Attribution 4.0 International License
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processing time at a specific crossing are also
required.

Wartime risk should also be treated as a
separate variable. This includes possible
infrastructure damage, temporary road
closures, power disruptions, changes in the
operating regime of individual facilities, and
other events that are difficult to predict in
advance.

Capacity is another constraint. An
economically attractive corridor cannot
become a full-scale solution for large
shipments if its roads, railways, terminals, or

162-168
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border infrastructure are physically unable to
handle the required freight volume.

Finally, the availability of a viable
alternative matters. If a carrier can switch to
another corridor without critical losses,
disruption on one route is less likely to
paralyze the entire supply chain.

Accordingly, an “optimal route” under
wartime conditions represents a compromise
among several parameters: cost, time, risk,
reliability, and capacity.

In simplified form, the objective function
can be expressed as follows:

F=wiC+ w2T + w3iR +wsD (1)

where C is transportation cost, T is
delivery time, R is the level of risk, D is the
probability of delay, and w;, w,, w;, w, are the
weighting coefficients assigned to the
respective criteria.

The weight of each criterion depends on
the type of cargo. For humanitarian aid or
urgently needed equipment, time may be
decisive. For grain and other bulk
commodities, transportation cost may carry
more weight. For high-value equipment,
safety and reliability become considerably
more important.

4, The Role of Multimodal
Transportation. One of the most promising
directions for the development of Ukrainian
logistics is multimodal transportation—the
use of several modes of transport within a
single supply chain.

For example, cargo may first be
transported by truck to a rail terminal, then by
rail to a logistics center in the EU, and finally
by road for the last leg of the journey. Another
option is rail delivery to a Romanian port
followed by maritime transport.

The main advantage of this approach is
flexibility. The most appropriate mode can be
selected for each section of the route,
dependence on a single corridor can be
reduced, and rail and river transport can be
used more efficiently for large cargo volumes.

However, a multimodal model requires
appropriate infrastructure: logistics centers,
warehouses, transshipment terminals, and
digital systems for managing freight flows
(Jeej W (2023)).

Coordination between different modes of
transport is equally important. If a train arrives
at a terminal but trucks for the next stage are
not yet available, part of the benefit of a fast
route is lost. Optimization should therefore
cover the entire chain as a single system
rather than treating each section in isolation.

5. Optimization through Digital
Technologies. Modern logistics increasingly
depends on data. GPS, geographic
information systems, transport management
systems,  and artificial intelligence
technologies make it possible to base
decisions not only on a pre-defined plan, but
also on current conditions Grabovskiy D.Y.,
Bugayko D.O. (2025)).

A digital platform can simultaneously
take into account vehicle location, road
conditions, congestion at border crossings,
terminal availability, and changes in
transportation costs. This creates the basis for
dynamic routing.

With this approach, a route does not
remain fixed from departure to arrival. If, for
example, queues suddenly increase at the
planned border crossing, the system can
recommend another crossing. The same
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principle applies when conditions change on
road or rail sections.

Artificial  intelligence can add a
forecasting layer to this system. By analyzing
accumulated data, algorithms can estimate
the probability of delays, forecast arrival
times, and suggest alternatives in advance
(Grabovskiy D.Y., Bugayko D.O. (2025)).

In practice, digitalization changes the
very principle of planning: instead of relying
on a single route defined at the start, the
carrier can adjust it while the shipment is
already in transit. During wartime, when
conditions on a particular section can change
within hours, this flexibility is especially
important.

6. Building a Resilient Logistics
System. For Ukraine, the task is not simply to
restore the pre-war transport system. More
importantly, it is necessary to build a model
capable of continuing to operate under
serious disruption and adapting quickly to
new constraints.

One of the basic principles of such a
system is route redundancy. For a particular
freight flow, for example, the route through
Poland may serve as the primary option,
Slovakia as the backup, and Hungary or
Romania as additional alternatives.

Developing logistics hubs in western
Ukraine is another important step. Such hubs
can provide storage, sorting, transshipment,
and redistribution of goods between different
transport modes and routes (Lebedeva, L.,
Shkuropadska, D. (2024)).

At the same time, border capacity needs
to be increased by modernizing road and rail
crossings, expanding  terminals, and
digitalizing customs procedures. The fewer
manual and poorly synchronized operations
there are, the more predictable the entire
route becomes.

Further integration of Ukraine’s railway
system with the European network is also
strategically important. Expanding 1,435 mm
standard-gauge infrastructure could reduce
the number of operations required at the
border and accelerate freight movement.
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It is equally important to continue
developing river and port infrastructure in the
Danube region. This gives Ukraine additional
export options and reduces dependence on
individual transport corridors.

Conclusions.

Optimizing Ukraine-EU logistics routes
under wartime risks is a complex multi-criteria
task. The full-scale war has changed the
established structure of Ukraine’s foreign
trade and significantly increased the
importance of land, rail, and river routes.

Today, choosing a route requires more
than comparing its cost and duration.
Reliability, the risk of delays, infrastructure
capacity, security threats, and the ability to
switch quickly to an alternative corridor must
also be assessed.

Routes through Poland, Slovakia,
Hungary, and Romania, together with the
Danube corridor, play a key role in connecting
Ukraine with the EU market. Developing these
directions in parallel makes it possible to
diversify freight flows and avoid critical
dependence on a single route.

Multimodal transportation remains a
promising area of development, combining
road, rail, river, and maritime transport within
a single supply chain. Digitalization is equally
important: GPS, geographic information
systems, artificial intelligence, and dynamic
routing help operators respond more quickly
to changing conditions and make better-
informed decisions.

In the long term, the logistics system
between Ukraine and the EU should be built
around four principles: diversification,
multimodality, digitalization, and
redundancy. Combining several alternative
corridors with modern infrastructure and
responsive management enables businesses
to adapt to wartime, economic, and
infrastructure changes.

Optimization of Ukraine-EU routes
therefore goes far beyond simply reducing
transportation costs. The quality of these
decisions affects the continuity of foreign
trade, business operations, the resilience of
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international supply chains, and Ukraine’s
further integration into the European Union’s
transport network.
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