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This article explores key transformations in modern logistics driven by the need for
increased resilience (ResiLog), resource flexibility (FlexHub), and environmental
responsibility (GreenChain) in the face of protracted shocks and high uncertainty.
Particular attention is paid to the Ukrainian context, where full-scale war has led to the
destruction of transport infrastructure, the blockade of traditional export routes, the
mass relocation of production facilities, and chronic instability in delivery times and
routes. In such conditions, traditional linear management models (ERP, classic SCM
systems) are insufficient to ensure the continuity of supplies of critical resources and
create a persistent “logistical gap” between the needs of the economy and the capabilities
of existing supply chains. The concept of Smart-Synergy is analyzed – an integrated
approach to building adaptive logistics ecosystems that combines sustainable logistics
(ResiLog), flexible infrastructure solutions based on the “logistics as a service” model
(FlexHub), environmentally oriented innovations (GreenChain, ReLoop Logistics), as
well as the use of artificial intelligence (SmartFlow), big data (DataChain), and resource
sharing models (CrowdRoute). The study shows how these components can be adapted
to the conditions of Ukraine’s wartime and post-war economy to overcome the logistics
gap, reduce the vulnerability of supply chains to military and political risks, and support
post-war reconstruction. The paper outlines the economic effects of implementing adaptive
logistics models (reducing CAPEX through FlexHub, optimizing OPEX and reducing
losses from disruptions, monetization of “dead” assets through CrowdRoute, reduction
of carbon footprint thanks to GreenChain and ReLoop Logistics) and analyzes their
potential for increasing the investment attractiveness of Ukrainian enterprises, particularly
in the context of access to “green” financial instruments and international recovery
programs.
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Problem statement
The modern global economic environment is

characterized by high volatility, uncertainty, and crises
(wars, pandemics, climate change). Traditional linear
and rigidly planned logistics systems (ERP, SCM)
have proven to be insufficiently effective for rapid
adaptation. From an economic point of view, the
logistics gap manifests itself as a systematic lag of

existing supply chains behind the actual dynamics of
market demand and risks. This generates structural
losses: lost revenue due to supply disruptions, excess
inventory, penalties for late delivery, as well as image
losses, which in today’s economy quickly translate
into a decline in market share. The crises of recent
years have shown that traditional logistics systems,
focused on stability and cost optimization under
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“normal” conditions, are unprepared for non-standard,
high-frequency shocks. For businesses, this means
higher cost of capital, as investors factor uncertainty
of supply and dependence on vulnerable routes into
the risk premium. The lack of ResiLog resilience and
FlexHub flexibility effectively translates into higher
operating costs and lower margins.

In addition, stricter regulatory requirements in
the field of ecology and ESG are stimulating a
transition to models where environmental performance
is not just an element of social responsibility, but a
factor in market competitiveness. Companies that do
not integrate green metrics into their logistics risk
facing restrictions on access to certain markets, financial
instruments, and partnerships.

The logistics gap that new models are closing is
the lack of:

– Resilience (ResiLog): The inability of most
systems to automatically rearrange routes and suppliers
during unpredictable external threats;

– Resource flexibility (FlexHub): An excess of
idle warehouse space and equipment, while companies
cannot quickly obtain resources “on demand” during
peak periods;

– Environmental integration (GreenChain): A
focus primarily on speed and cost rather than
minimizing carbon footprint and material circularity.

  Analysis of the latest research and publications
The relevance of the study is determined by the

unprecedented level of logistical shocks that Ukraine
faces in the context of full-scale aggression and a
prolonged war economy. The destruction of transport
infrastructure, the blockade or restriction of traditional
maritime export routes, the shift of flows to land corridors
through EU countries, mass relocation of production
facilities to relatively safe regions, and chronic uncertainty
about delivery times and routes create a persistent
“logistical gap” between the actual needs of the economy
and the capabilities of existing supply chains. In these
conditions, classic linear management models, focused
on stability and cost minimization in a “normal”
environment, prove ineffective and fail to ensure the
continuity of supplies of critically important resources,
especially for the defense-industrial complex, the
agricultural sector, and energy.

The full-scale war against Ukraine has posed
unprecedented challenges for national logistics and
supply chains. The destruction of transport hubs, the
blockade of traditional export routes, the mass relocation
of production facilities, and chronic instability in
delivery times and directions have led to the formation
of a persistent “logistics gap” between the needs of
the economy and the capabilities of the existing
infrastructure.

In such conditions, local optimisation of
individual sections of the logistics chain no longer
provides the necessary level of stability. Integrated,
adaptive models are needed that are capable of quickly
restructuring supply networks, flexibly managing
resources, and leveraging the advantages of
digitalisation, artificial intelligence, and the green
transition. One such concept is Smart-Synergy, which
offers a comprehensive framework for combining
resilient logistics, flexible infrastructure, circular
solutions, and digital platforms.

Contemporary scientific literature clearly shows
a transition from linear, rigidly determined supply
chains to adaptive, digitally controlled systems, which
directly correlates with the Smart-Synergy concept.
Systematic reviews of the application of artificial
intelligence (AI) in supply chain management show
that AI solutions are shifting the focus from classic
“demand-driven planning” to continuous self-adjustment
of networks, taking into account risks, sustainability,
and environmental constraints [1; 2; 4].

Bibliometric works and reviews focused on
sustainable and “green” supply chains show that AI is
becoming the core of the integration of economic
efficiency and resource circularity. A comprehensive
analytical review of AI applications in sustainable supply
chains records explosive growth in the number of
publications, highlights research clusters related to
transportation optimization, inventory planning, and
circular economy support, and highlights the role of
AI tools in reducing carbon footprints and increasing
network transparency [5].

For the ResiLog block, systematic reviews at
the intersection of AI and supply chain resilience are
particularly relevant, where taxonomies of resilience
phases (readiness, response, recovery, adaptation) are
proposed and compared with specific AI techniques –
from Bayesian networks and multi-agent systems to
deep learning methods [1; 2; 3]. Additional empirical
and review studies show that AI-driven innovations
significantly enhance the ability of networks to absorb
shocks, reduce recovery time after crises, and increase
service stability through predictive analytics, inventory
optimization, and scenario planning support [7].

Several key areas directly relevant to the Smart-
Synergy concept in logistics and the development of
the ResiLog and FlexHub models can be traced in
recent studies. Systematic reviews show that supply
chain resilience is interpreted as the ability of a network
to anticipate, absorb, and recover from disruptions
while maintaining an acceptable level of service and
economic efficiency [13; 14]. Particular attention is
paid to the consequences of the COVID-19 pandemic
and the Russian-Ukrainian war for global flows of
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goods, energy, and food. Geopolitical risks are systemic
in nature and affect the configuration of supply chains,
inventory structure, and diversification strategies [15].

For Ukraine and the Eastern European region,
additional context is provided by studies analyzing
the specifics of supply chain resilience in wartime,
particularly in terms of infrastructure restoration,
transport flow redistribution, and the role of digital
platforms in coordinating participants.

Generative AI is a separate area of focus. Recent
work shows its potential for building digital twins of
supply chains, automated scenario modeling, and
supporting human-machine collaborative decision-
making [6]. A research agenda is proposed for using
GenAI to identify network vulnerabilities, synthesize
response and adaptation policies, and evaluate trade-
offs between cost, time, and resilience [3; 6].

Classic reviews of AI applications in SCM
emphasize that the most mature practical cases relate
specifically to logistics tasks—demand forecasting,
dynamic routing, warehouse planning, and
transportation management [4]. This creates a
methodological foundation for the implementation of
integrated Smart-Synergy models, where machine
learning algorithms ensure continuous adaptation of
the network to changes in the external environment
(ResiLog), and digital platforms allow for rapid
reconfiguration of resources (FlexHub).

The FlexHub component logically builds on
research devoted to platforms for sharing logistics
resources. Works on on-demand warehousing platforms
describe them as B2B marketplaces that connect owners
of excess space with companies experiencing peak demand
for storage, and show the evolution of these platforms
towards “on-demand 4PL,” where the platform operator
takes on some of the functions of a supply chain integrator
[8]. On the other hand, optimization problems in on-
demand warehousing formalize algorithmic approaches
to matching supply and demand for warehouse capacity
and provide the basis for automated “warehouse-as-a-
service” solutions [9].

Together, these areas form the scientific basis of
the Smart-Synergy concept: a combination of
AI-driven resilience (ResiLog), integrated digital
platforms for resource sharing (FlexHub), and a focus
on sustainability and circularity in supply chains
(GreenChain) [1–9]. This confirms the relevance of
the transition from traditional ERP/SCM systems to
adaptive, intelligently managed logistics ecosystems.

Systematic reviews of artificial intelligence in
supply chain management show a shift from point
applications (demand forecasting, routing) to complex
intelligent supply chains, where AI supports planning,
procurement, production, delivery, returns, and enable

functions [10; 11; 12]. The role of machine learning,
predictive analytics, digital twins, and generative AI
in improving resilience, optimizing inventory,
managing risk, and reducing carbon footprint is
emphasized.

A separate area of research has emerged in the
literature dedicated to Warehouse-as-a-Service (WaaS)
and logistics-as-a-service, where warehouse
infrastructure is viewed as a flexible resource available
“on demand” through digital platforms [15]. WaaS
allows you to rent capacity and operational services
on a pay-per-use or subscription basis, which reduces
capital expenditures, accelerates geographic expansion,
and increases adaptability to demand fluctuations. At
the same time, approaches to green and sustainable
warehousing are developing, where energy efficiency,
material, and carbon footprint requirements are
integrated into warehouse design and operations [16].

These developments directly correlate with the
FlexHub concept as a network of flexible warehouses
and micro-logistics hubs integrated through a single
digital platform and the Smart-Synergy model.

Research in the field of green logistics and the
circular economy shows that logistics infrastructure and
operations are becoming a key “bridge” between
resources, products, and consumers, ensuring the closure
of material flows. Systematic reviews highlight the
growing role of green supply chain management,
sustainable procurement, green distribution, eco-friendly
packaging, and energy-efficient warehousing [17].

More recent work shows that the greatest effect
is achieved when green practices are integrated with
digital solutions—tracking platforms, carbon emissions
analytics, blockchain and IoT technologies for
transparency and reverse flow management [18, 19].
In this context, the Smart-Synergy concept, focused
on combining resilience, flexibility, and environmental
friendliness, fits logically into the current scientific
discourse and can be seen as a practical embodiment
of the trend toward “digital-green” logistics.

The purpose of the article
The purpose of this article is to theoretically

substantiate and adapt the Smart-Synergy concept
(ResiLog, FlexHub, GreenChain, ReLoop Logistics,
SmartFlow, DataChain, CrowdRoute) to the
conditions of Ukraine’s wartime and post-war
economy, as well as to demonstrate its potential for
overcoming the “logistics gap,” increasing the
sustainability and efficiency of supply chains, and
supporting post-war reconstruction and integration into
EU markets.

Presentation of the main material
The logistical gap in Ukraine in the context of

full-scale war is multi-layered and encompasses
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infrastructure, routes, resources, and information. At
the infrastructure level, it manifests itself in the large-
scale destruction of transport hubs, damage to bridges,
railway stations, and logistics centers, as well as in
the blockade or significant restriction of seaports and
chronic congestion at border crossings. At the route
level, the logistical gap is caused by a radical change
in the geography of transport flows: there is a forced
transition from sea to land corridors, and the use of
alternative ports and transshipment hubs in
neighboring countries is intensifying, accompanied
by increased transport costs and logistical risks.

At the resource level, there is a shortage of certain
types of vehicles, a lack of warehouse space in relatively
safe regions, an outflow of qualified personnel, and
limited access to financial capital, which makes it
difficult for logistics companies to adapt to the new
conditions. The information level of the logistics gap
is characterized by fragmented data among market
participants, low transparency regarding available
capacity, existing restrictions, actual delays, and possible
alternative routes. Under such conditions, traditional
ERP solutions and classic supply chain management
(SCM) systems, which are focused on linear and
relatively stable processes, do not provide the necessary
speed, adaptability, and flexibility of response. This,
in turn, deepens the structural gap between the growing
demand for logistics services and the actual capabilities
of the national logistics system.

For Ukraine, which is simultaneously waging
war and preparing for large-scale post-war
reconstruction and integration into EU markets,
adaptive, resilient, and digitally managed logistics
models are of key importance. The Smart-Synergy
concept (ResiLog, FlexHub, GreenChain, ReLoop
Logistics, SmartFlow, DataChain, CrowdRoute) offers
tools for quickly rebuilding supply chains, transitioning
from capital-intensive logistics to “logistics as a service”
models, and simultaneously taking into account
environmental constraints and ESG requirements
relevant to access to international financial resources
and recovery programs. In this context, Smart-Synergy
is not only a technological innovation but also a new
economic framework for increasing the sustainability
and competitiveness of the Ukrainian economy.

The problem with modeling scenarios for the
development of resilient logistics corridors in Ukraine
lies in the combination of military destruction of
infrastructure, chronic uncertainty of routes, and the
need to simultaneously integrate into the EU transport
system. Due to the shift of flows from sea to land
corridors, congestion at border crossings, and different
regulatory regimes within the EU, it is difficult to
formalize stable scenarios for the capacity and reliability

of corridors. Models must take into account a multi-
level “logistical gap” – infrastructure, route, resource,
and information – which cannot be described by
classic linear ERP/SCM approaches and requires
adaptive ResiLog/FlexHub architectures. An additional
complexity is the need to simultaneously reconcile
economic efficiency, Green Deal requirements, and
GreenChain ESG metrics with the realities of a war
economy, where rapid and guaranteed access to critical
resources remains a priority. Scenario modeling must
integrate large arrays of heterogeneous data in the
DataChain format – from infrastructure status and
risk dynamics to customs restrictions and TEN-T
standards — which increases the requirements for
data quality and platform interoperability. In a highly
volatile external environment, the key challenge is to
build digital twins of logistics corridors capable of
using SmartFlow and AI algorithms to reproduce
multiple scenarios for recovery, redirection of flows,
and phased integration into European value chains.
Therefore, the scientific problem lies not only in
parameterizing such scenarios, but also in creating a
Smart-Synergy methodology that will allow assessing
the trade-offs between sustainability, cost, delivery
time, and environmental compliance at the level of
Ukraine’s network of resilient logistics corridors in
the EU transport system.

In wartime conditions, Ukraine’s logistics gap is
complex and manifests itself on several levels:

– infrastructure level. Partial or complete
destruction of transport hubs (bridges, railway junctions,
logistics centers), blockade or restriction of seaport
operations, and congestion at border crossing points
create bottlenecks that cannot be quickly eliminated
using traditional planning tools;

– route level. Radical changes in route geography
(the transition from sea to land corridors, the use of
alternative ports and transshipment hubs in
neighboring countries) increase time and financial
costs, as well as the variability of logistical risks;

– resource level. The shortage of certain types
of vehicles, lack of qualified personnel, labor outflow,
and limited access to warehouse space in “new” safe
locations create a gap between the demand for logistics
services and the actual available capacity;

– information level. Fragmented data among
participants in logistics chains, insufficient transparency
regarding actual capacities, delays, restrictions, and
alternative routes exacerbate information asymmetry
and complicate operational decision-making.

It is at the intersection of these levels that Smart-
Synergy can be viewed as a logistical “superstructure”
that integrates ResiLog (resilient replanning), FlexHub
(on-demand resource reorientation), and DataChain/
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SmartFlow (digital transparency and AI-driven
forecasting) to reduce the logistics gap. From a business
economics perspective, SmartFlow optimizes the cost
structure. Automated analytics reduce planning,
dispatching, and monitoring costs by replacing manual
labor with high-performance digital algorithms. At
the same time, the return on investment of transport
and warehouse assets increases due to better utilization
and reduced idle runs. The integration of data from
the IoT and external sources creates the conditions
for dynamic pricing of logistics services: rates can
vary depending on demand, network congestion, time
of day, or environmental priorities. This allows
operators not only to optimize revenues, but also to
manage user behavior, encouraging, for example, more
rational use of infrastructure. In addition, SmartFlow
reduces financial risks through improved cash flow:
reducing delivery delays means faster turnover of goods,
reducing the need for short-term financing and interest
expenses associated with inventory financing. Smart-
Synergy can be viewed as the economics of network
interaction in logistics. DataChain forms an
infrastructure to reduce information asymmetry between
market participants: manufacturers, distributors, 3PL
operators, retailers, and end consumers. This leads to
lower transaction costs, faster agreement on terms of
cooperation, and the development of more flexible
contract models. SmartFlow, using machine learning
methods, allows you to move from reactive to proactive
management: to predict peaks in demand, risks of
congestion, seasonal fluctuations, and fuel price
fluctuations. Economically, this reduces the cost of
“excess” insurance (excess inventory, duplicate routes)
and increases planning accuracy. Resource sharing
(CrowdRoute, FlexHub) transforms “dead” assets
(empty spaces in transport, underloaded warehouses,
private cars) into a source of added value, creating
secondary markets for logistics services. Thus, Smart-
Synergy is not only a technological but also an economic
model of resource redistribution that reduces barriers
to entry for small and medium-sized businesses.

ResiLog can be interpreted as economic
“insurance” for supply chains. Unlike traditional
insurance, which compensates for losses after the fact,
resilient logistics aims to prevent and minimize losses
by creating mechanisms for quickly reconfiguring
routes, suppliers, and transportation schemes.
Economically, this translates into reduced unproductive
downtime, lost revenue, and emergency costs
(emergency delivery, penalties). FlexHub, in turn, is
the implementation of the concept of “flexible capital
utilization” in logistics. Instead of long-term “freezing”
of investments in warehouses and equipment,
companies are moving to a “pay-per-use” model,

where costs are closer to variable and better match
actual demand. This reduces the financial burden
(depreciation, maintenance, property taxes) and allows
capital to be reallocated to more productive areas
(innovation, R&D, marketing).

Together, ResiLog and FlexHub form an
adaptive logistics architecture where risks and costs
are not only reduced but also become more predictable
and manageable, which is important for long-term
financial planning. Resilient logistics (ResiLog) is a
concept that assumes the ability of the supply chain
not only to withstand external shocks (crises, natural
disasters, conflicts), but also to quickly restore
functionality by automatically changing routes,
suppliers, and modes of transport. ResiLog ensures
continuity of supply. In the case of Ukraine, ResiLog
should be interpreted as the ability of the logistics
system not only to maintain a basic level of functioning
during military shocks, but also to provide priority
access to resources for critical sectors (defense, energy,
food security, medicine). This involves building a
multi-level network of alternative routes (rail corridors
with different capacities, multimodal “rail-road-port”
schemes, backup hubs in western and central regions)
that can be automatically activated via SmartFlow in
case of blockage of the main channels.

In the Ukrainian context, FlexHub should be
viewed as a network of flexible logistics centers
operating on a “warehouse as a service” model that
can be quickly scaled up in regions where displaced
businesses and humanitarian flows are concentrated.
These can be either specialized industrial parks or
temporary modular warehouses integrated into a single
DataChain digital platform. For businesses, this means
minimizing the need for long-term investments in
their own logistics infrastructure and the ability to
reorient freed-up capital toward technological upgrades
and export expansion.

The Flexible Hub is the physical embodiment of
this resilience. FlexHub is an innovative warehouse that
operates on a “logistics as a service” model. This allows
companies to rent warehouse space, personnel, and
equipment not for years, but for hours or days (“on
demand”), optimizing capital expenditures and minimizing
downtime. FlexHub increases operational flexibility.

Smart-Synergy is defined as an integrative strategy
that maximizes logistics efficiency through the
synergistic combination of three key elements:

– digitalization (DataChain): a shared data
exchange platform between all participants in the
supply chain, ensuring transparency;

– Artificial Intelligence (SmartFlow): algorithms
that analyze DataChain for automatic decision-making
(forecasting, rerouting);



237ISSN 2415-3974. Åêîíîì³÷íèé â³ñíèê Äåðæàâíîãî âèùîãî íàâ÷àëüíîãî çàêëàäó
“Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò”, 2025, ¹ 2, C. 232-243

Smart Synergy in Logistics: Adaptive Models and Artificial Intelligence Integration for Economically

Sound Decision Making

– shared use (CrowdRoute, FlexHub): involving
external, underutilized, or private resources to perform
tasks.

This synergy allows the system not only to
respond to changes, but also to anticipate them and
adapt preventively.

SmartFlow (smart logistics flow) is a software
and hardware complex that uses AI for dynamic
management of material and information flows. Unlike
static ERP systems, SmartFlow integrates data from
IoT devices, social networks (for demand forecasting),
and external factors (weather, traffic jams).

CrowdRoute is a model that solves the “last
mile” problem (Smart Last-Mile), which is the most
expensive stage in the logistics chain. CrowdRoute
uses crowdsourcing – involving ordinary citizens who
are already traveling to deliver small parcels “along
the way.” From an economic perspective, CrowdRoute
is a tool for democratizing the logistics services market.
For small and medium-sized businesses, the model
allows them to avoid the fixed costs associated with

maintaining their own transport and move to a more
flexible cost structure – paying only for deliveries
actually made. This lowers the barrier to entry into
the e-commerce and urban delivery market. For
individuals, participation in CrowdRoute creates new
sources of income without the need for significant
investment: existing transport or routes that were
planned independently of logistics tasks are used. At
the macro level, this contributes to employment
growth, the development of micro-entrepreneurship,
and the formation of a “platform economy.”

From an urban economic perspective,
CrowdRoute can help reduce traffic congestion and
environmental costs if incentives are properly
configured: the more parcels are picked up along the
way, the less need there is for additional commercial
flights. This leads to a reduction in urban infrastructure
costs (road wear, traffic jams, air pollution) and an
improvement in the quality of life for residents.

Table 1 provides a comparative analysis of
traditional and adaptive logistics models.

Table 1
Comparison of traditional and adaptive logistics models

Source: compiled by author

The table shows that the main problem with
traditional logistics using a “single warehouse” model
is rigid flow planning and manual correction, which
makes the system inert and poorly suited to Smart
Synergy approaches. Fixed warehouse space with high
capital costs blocks flexible resource allocation,
complicates scaling, and reduces the economic
feasibility of decisions in a dynamic demand
environment. The lack of adaptive ResiLog
mechanisms means that the response to a crisis is
slow, with a high probability of failures, which
undermines the stability of supply chains and makes
classic business cases economically risky. In the
adaptive logistics model, on the contrary, the problem
is formulated as a task of transitioning to dynamic
SmartFlow management based on AI and Big Data,
where the key challenge is the integration of
heterogeneous data to support economically sound
decisions in real time. The FlexHub concept of renting
warehouse space “on demand” reduces downtime and
capital expenditures, but requires new models for

assessing TCO, risks, and demand scenarios to prove
the economic benefits of such flexibility to investors
and operators. Instant adaptation of suppliers and routes
in the ResiLog architecture requires algorithms that
simultaneously take into account cost, time, reliability,
and risks, turning planning into a multi-criteria Smart
Synergy task rather than simple tariff or distance
optimization. Crowdsourcing technologies for the “last
mile” (CrowdRoute, Smart Last-Mile) open up the
potential for significant savings and service
improvements, but create new challenges of
standardization, quality control, and integration into
a single AI-oriented platform capable of generating
transparent and informed management decisions.

GreenChain can be seen as a tool for monetizing
environmental performance. With ESG reporting
requirements getting stricter, companies that show
transparent and trackable emissions reductions get a
competitive edge: access to green credit lines,
sustainable development investment funds, and
preferences in public procurement and public-private

Parameter Traditional logistics (One Warehouse Model) Adaptive logistics (FlexHub & ResiLog) 
Flow management Rigid planning, manual correction SmartFlow dynamic management (AI, Big Data) 

Storage space Fixed, high capital costs On-demand rental (FlexHub), minimizing 
downtime 

Response to the 
crisis 

Prolonged, high probability of failures (ResiLog is 
missing) 

Instant adaptation, change of suppliers/routes 

Last mile delivery High cost, inefficiency of small batches Crowdsourcing (CrowdRoute), Smart Last-Mile 
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partnerships. Automated measurement of the carbon
footprint at the level of individual routes and operations
allows for the formation of economically sound
decarbonization scenarios: for example, comparing
the costs of transitioning to a more environmentally
friendly mode of transport with the expected reduction
in fines, carbon taxes, or carbon offset costs. The use
of blockchain in DataChain strengthens trust between
market participants and regulators, as environmental
indicators become immutable, transparent data. This
reduces the risks of greenwashing and increases brand
value for consumers, who are increasingly choosing
products with a proven green footprint.

GreenChain is a conceptual framework that puts
environmental friendliness on par with speed and
cost. The GreenChain system:

– performs carbon analytics: Automatically
calculates the carbon footprint of each stage of the
logistics chain;

– ensures transparency: Uses blockchain (as part
of DataChain) for immutable recording of suppliers’
environmental performance.

– optimized routes: SmartFlow selects not only
the fastest but also the most environmentally friendly
route, giving preference to multimodal transport and
less harmful fuels.

The key challenge for GreenChain is the Eco-
Speed Dilemma – the need to balance delivery speed
and environmental friendliness. This is solved by
implementing the ReLoop Logistics model.

From the perspective of circular economy theory,
ReLoop Logistics transforms packaging and auxiliary
materials from the “cost” category to the “long-term

assets” category. The transition to reusable solutions
with digital lifecycle tracking significantly reduces the
cost of purchasing new materials, their disposal, and
waste logistics.

The Eco-Speed Dilemma in this model is solved
by integrating speed and environmental friendliness
into a single optimization function. For example, the
system can agree to a slight increase in delivery time
in exchange for a significant reduction in carbon
footprint, which is offset economically by lower
environmental fees and increased customer loyalty.
Some of these effects can be capitalized through green
certificates or participation in carbon markets.

Involving CrowdRoute and Smart Last-Mile in
reverse packaging collection reduces the average cost
of a single logistics cycle, as delivery and return costs
are combined into a single operation. This creates
conditions for scaling circular models without a
significant increase in tariffs for the end consumer.

ReLoop Logistics focuses on creating closed loops
for packaging and transport materials (containers,
pallets, specialized reusable packaging). Instead of using
disposable packaging, ReLoop:

– accounts for materials: All cyclical units are
tracked in DataChain;

– integrates returns: CrowdRoute or Smart Last-
Mile couriers are engaged to collect packaging,
combining delivery and collection in a single trip.

This approach not only reduces waste but also
lowers the need for new packaging production,
minimizing the overall carbon footprint of the supply
chain. The impact of key green innovations on ESG
indicators is shown in Table 2.

Table 2
Impact of key green innovations on ESG indicators

Source: compiled by author

Innovative concept Main environmental impact (Environmental) Main social impact (Social) 
Green Chain Reduction of CO? emissions through route optimization Enhanced reputation, transparency for consumers 

ReLoop Logística Minimization of waste and use of natural resources Reduced costs for the end consumer 
CrowdRoute Reduction in the number of empty commercial trips Creating new opportunities for micro-earnings 

The economic effects of implementing Smart-
Synergy in Ukrainian supply chains should be assessed
according to three groups of indicators:

a) capital intensity of logistics (CAPEX). The
transition from the “infrastructure ownership” model
to FlexHub reduces the need for investment in
warehouses, transport, and auxiliary equipment,
replacing them with on-demand service payments.
This is especially critical for SMEs and businesses
that have moved to new regions and cannot afford
long-term investments in real estate;

b) operating expenses and disruption losses
(OPEX + disruption losses). Using SmartFlow and
DataChain for dynamic routing, risk forecasting, and
early detection of bottlenecks reduces costs associated
with excess inventory, late delivery penalties,
emergency transportation, and production downtime
losses;

c) cost of capital and access to financing. The
integration of GreenChain and ReLoop Logistics
creates a better ESG profile for the company, which
in global practice is associated with lower borrowing
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costs and better access to green financial instruments,
international grants, and reconstruction programs. For
Ukrainian businesses, this could become one of the

key channels for financing logistics modernization.
Table 3 shows the components of Smart-Synergy
and key KPIs.

Table 3
Smart-Synergy components and key KPIs

Source: compiled by author

Component Role in Smart-Synergy Typical KPIs 
Example for the Ukrainian 

context 
ResiLog Resilience, route restructuring Recovery time after failure, % of 

orders fulfilled during the crisis 
Reducing corridor downtime 

after shelling 
FlexHub Flexible “warehouse as a service” 

infrastructure 
Warehouse utilization rate, share of 

variable costs 
Use of temporary hubs in 

western regions 
GreenChain Carbon and environmental control CO2/tonne-km, share of green routes Choosing multimodal routes 

to EU ports 
ReLoop 
Logistics 

Closed-loop packaging Proportion of reusable packaging, 
number of usage cycles 

Return of containers/pallets 
via last-mile 

SmartFlow AI-driven flow management Accuracy of demand forecasting, 
response time 

Forecast of route changes 
due to blockades 

DataChain Transparent data exchange Completeness/relevance of data, 
number of integrated participants 

A single platform for 
agricultural exporters 

CrowdRoute Crowdsourcing for the “last mile” and 
reverse logistics 

Average delivery cost, flight 
occupancy rate 

Connecting local drivers to 
the platform 

The Smart Synergy model in logistics is viewed
as a system of interacting modules (ResiLog, FlexHub,
GreenChain, ReLoop Logistics, SmartFlow,
DataChain, CrowdRoute), each of which optimizes
its own subtask. Key performance indicators have
been defined for each module, allowing the concept
to be operationalized and the impact of decisions on
sustainability, environmental friendliness, infrastructure
flexibility, data quality, and the cost of logistics services
to be quantified. The integration of adaptive models
and artificial intelligence enables demand and risk
forecasting, dynamic route replanning, optimization
of warehouse, transport, and reusable container

utilization, as well as intelligent matching of market
participants in crowdsourcing services. A distinctive
feature of this approach is its adaptation to the
Ukrainian context, where logistics solutions must take
into account military risks, infrastructure relocation,
orientation towards European corridors, and increased
data transparency requirements. Together, this forms
a comprehensive architecture for supporting
economically sound decision-making in logistics, where
AI modules are directly linked to measurable economic
results through a KPI system.

Table 4 shows the effects of implementing
Smart-Synergy.

Table 4
Economic effects of implementing Smart-Synergy

Table 4 shows that the transition from traditional
logistics to the Smart-Synergy model reduces CAPEX
through a pay-per-use approach and increases ROA
through asset dematerialization and flexible AI-driven
infrastructure utilization. The integration of SmartFlow

and ResiLog modules reduces OPEX for safety stocks
and expected losses from disruptions, as demand is
predicted more accurately, dynamic replenishment is
applied, and scenario-based resilience models are
implemented. This directly stabilizes cash flow and



240                       ISSN 2415-3974. Åêîíîì³÷íèé â³ñíèê Äåðæàâíîãî âèùîãî íàâ÷àëüíîãî çàêëàäó
“Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò”, 2025, ¹ 2, C. 232-243

Sevastyanov Rodion

reduces the volatility of financial results, which is
important for investors and lenders. The ESG
components GreenChain and ReLoop improve the
company’s green profile, opening up access to cheaper
financing and reducing the cost of capital. The
FlexHub/CrowdRoute platform modules transform
logistics from a cost center into a source of new
revenue, allowing you to monetize excess capacity
and form a networked, AI-supported logistics
ecosystem.

Conclusions
The conditions of full-scale war in Ukraine have

led to the formation of a complex logistical gap that
cannot be overcome by local optimizations within
traditional ERP/SCM systems. Against this backdrop,
the Smart-Synergy concept is seen as an integrated
framework for building adaptive logistics ecosystems,
combining supply chain resilience (ResiLog), flexible
infrastructure based on the “logistics as a service”
model (FlexHub), environmentally oriented solutions
(GreenChain, ReLoop Logistics), AI-driven flow
management (SmartFlow), digital transparency and
data interoperability (DataChain), and crowdsourced
resource utilization models (CrowdRoute). Together,
these elements aim to bridge the gap between the
actual needs of the economy and the capabilities of
the existing logistics infrastructure in the context of
Ukraine’s wartime and post-war economy.

ResiLog and FlexHub form an adaptive logistics
architecture in which risks and costs are not only
reduced but also become more predictable and
manageable. The transition from an infrastructure
ownership model to a “warehouse as a service” and
“capacity on demand” approach reduces the capital
intensity of logistics, reduces the need for investment
in warehouses and transportation, increases flexibility
in responding to shocks, and allows freed-up capital
to be directed toward innovation, R&D, and export
expansion. At the same time, ResiLog provides the
ability to quickly re-plan routes and suppliers, reduce
downtime, reduce direct and indirect losses from
disruptions, and stabilize cash flows for businesses,
which is critically important in conditions of high
military and political uncertainty.

GreenChain and ReLoop Logistics are shifting
the environmental dimension of logistics from
declarative social responsibility to economic decisions.
The integration of carbon analytics, transparent
environmental performance accounting, and circular
packaging models makes it possible to simultaneously
reduce emissions, minimize waste, lower material
procurement and disposal costs, and develop sustainable
green business cases. The Eco-Speed Dilemma is
solved by optimizing not only time and cost, but also

carbon footprint, which creates the conditions for
improving companies’ ESG profiles, accessing green
financial instruments, participating in reconstruction
programs, and increasing the investment attractiveness
of Ukrainian logistics and industry in general.

SmartFlow and DataChain enable the transition
to proactive, data-driven supply chain management.
The combination of predictive analytics, digital twins,
IoT data, and scenario modeling allows you to predict
logistics shocks, identify bottlenecks faster, and optimize
inventory, routes, and capacity utilization. From an
enterprise economics perspective, this means reducing
“excess insurance” costs in the form of excess inventory
and duplicate routes, reducing transaction costs,
increasing transparency between market participants,
and creating new, more flexible contract models.
DataChain, as the digital backbone of Smart-Synergy,
reduces information asymmetry and creates a basis
for real-time network coordination of logistics
solutions.

CrowdRoute and FlexHub complement this
architecture by democratizing access to logistics
infrastructure and monetizing excess resources.
Crowdsourced models for last-mile and reverse logistics
bring private and small carriers into the market, turn
“dead” assets into a source of income, and expand
opportunities for SMEs that cannot maintain their
own fleet or warehouse infrastructure. At the city level,
this reduces the number of empty runs, transport
loads, and environmental costs, while at the national
level, it contributes to the formation of new logistics
service markets and the development of the platform
economy.

The article clarifies the meaning and
interrelationships of key concepts in adaptive logistics
– ResiLog, FlexHub, GreenChain, ReLoop Logistics,
SmartFlow, DataChain, CrowdRoute – in the context
of military challenges and post-war reconstruction in
Ukraine, and describes the structure and dynamics of
“logistical shocks” associated with infrastructure
destruction, port blockades, changes in the
configuration of export-import corridors, relocation
of enterprises, and increased demand volatility. It is
shown that this “logistical gap” has infrastructural,
route, resource, and informational dimensions and
cannot be described and overcome by classical linear
ERP/SCM approaches.

The impact of artificial intelligence and digital
platforms on improving supply continuity, reducing
response times to logistical shocks, and reducing costs
associated with excess inventory and route duplication
has been analyzed. The main economic effects of
implementing Smart-Synergy have been identified:
reduction of CAPEX through the transition to FlexHub
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models, optimization of OPEX, minimization of direct
and indirect losses from disruptions, monetization of
excess assets through platform solutions, reduction of
carbon footprint, and improvement of access to
financing. Smart-Synergy is seen as a driver of
increased creditworthiness and investment attractiveness
of Ukrainian companies, particularly in terms of credit
ratings, green instruments, and international
reconstruction support programs.

Special attention is paid to proposals for public
policy and the regulatory environment aimed at
supporting the development of Smart-Synergy adaptive
logistics ecosystems. This involves the development
of digital infrastructure and uniform data standards,
the creation of incentives for green logistics investments,
support for resource-sharing platforms, and the
formation of a network of resilient logistics corridors
integrated with the EU transport system. In this
context, the implementation of Smart-Synergy is seen
as part of a national logistics recovery strategy, rather
than a collection of isolated corporate cases.

At the enterprise level, a phased approach to
implementing Smart-Synergy has been proposed:
deployment of DataChain as a basic digital platform
for data exchange with suppliers and logistics partners;
gradual transition to FlexHub models with the release
of capital from tangible assets and its reorientation
towards innovative areas; pilot implementation of
CrowdRoute and ReLoop Logistics in segments with
a high frequency of small deliveries and significant
volumes of single-use packaging; integration of
GreenChain with an internal KPI system that directly
links environmental performance to financial results.
Investments in DataChain and SmartFlow should be
considered strategic, long-term investments, with the
formation of business cases that evaluate not only
direct cost reductions, but also risk reduction and
increased predictability of business processes.

In summary, Smart-Synergy represents a new
paradigm of economic efficiency in logistics, where
sustainability, flexibility, and environmental
friendliness do not compete with each other but
reinforce each other. The transition from a linear,
fragmented, and resource-intensive model to a
networked, adaptive, and environmentally balanced
logistics model reduces overall logistics costs, increases
the financial stability of enterprises, and increases
their long-term market value. For Ukraine, this means
the opportunity to simultaneously strengthen military
resilience, accelerate post-war reconstruction, and lay
the foundations for long-term sustainable development
in close integration with European value chains.
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SMART-SYNERGY Ó ËÎÃ²ÑÒÈÖ²: ÀÄÀÏÒÈÂÍ²
ÌÎÄÅË² ÒÀ ²ÍÒÅÃÐÀÖ²ß ØÒÓ×ÍÎÃÎ ²ÍÒÅËÅÊÒÓ
ÄËß ÏÐÈÉÍßÒÒß ÅÊÎÍÎÌ²×ÍÎ
ÎÁ¥ÐÓÍÒÎÂÀÍÈÕ Ð²ØÅÍÜ

Ñåâàñòüÿíîâ Ðîä³îí

Ó ñòàòò³ äîñë³äæåíî êëþ÷îâ³ òðàíñôîðìàö³¿ â ñó÷àñí³é
ëîã³ñòèö³, âèêëèêàí³ íåîáõ³äí³ñòþ ï³äâèùåííÿ ñò³éêîñò³
(ResiLog), ãíó÷êîñò³ ðåñóðñ³â (FlexHub) òà åêîëîã³÷íî¿ â³äïî-
â³äàëüíîñò³ (GreenChain) â óìîâàõ çàòÿæíèõ øîê³â ³ âèñîêî¿
íåâèçíà÷åíîñò³. Îñîáëèâó óâàãó ïðèä³ëåíî óêðà¿íñüêîìó êîí-
òåêñòó, äå ïîâíîìàñøòàáíà â³éíà çóìîâèëà ðóéíóâàííÿ
òðàíñïîðòíî¿ ³íôðàñòðóêòóðè, áëîêàäó òðàäèö³éíèõ åêñïîðò-
íèõ ìàðøðóò³â, ìàñîâå ïåðåì³ùåííÿ âèðîáíè÷èõ ïîòóæíîñ-
òåé ³ õðîí³÷íó íåñòàá³ëüí³ñòü òåðì³í³â òà ìàðøðóò³â
ïîñòà÷àíü. Ó òàêèõ óìîâàõ òðàäèö³éí³ ë³í³éí³ ìîäåë³ óïðàâ-
ë³ííÿ (ERP, êëàñè÷í³ SCM-ñèñòåìè) âèÿâëÿþòüñÿ íåäîñòàò-
í³ìè äëÿ çàáåçïå÷åííÿ áåçïåðåðâíîñò³ ïîñòà÷àíü êðèòè÷íî
âàæëèâèõ ðåñóðñ³â ³ ôîðìóþòü ñò³éêèé «ëîã³ñòè÷íèé ïðîá³ë»
ì³æ ïîòðåáàìè åêîíîì³êè òà ìîæëèâîñòÿìè ³ñíóþ÷èõ ëàí-
öþã³â ïîñòà÷àíü. Ïðîàíàë³çîâàíî êîíöåïö³þ Smart-Synergy –
³íòåãðîâàíîãî ï³äõîäó äî ïîáóäîâè àäàïòèâíèõ ëîã³ñòè÷íèõ
åêîñèñòåì, ÿêèé ïîºäíóº ñò³éêó ëîã³ñòèêó (ResiLog), ãíó÷ê³
³íôðàñòðóêòóðí³ ð³øåííÿ çà ìîäåëëþ «ëîã³ñòèêà ÿê ñåðâ³ñ»
(FlexHub), åêîëîã³÷íî îð³ºíòîâàí³ ³ííîâàö³¿ (GreenChain,
ReLoop Logistics), à òàêîæ âèêîðèñòàííÿ øòó÷íîãî ³íòå-
ëåêòó (SmartFlow), âåëèêèõ äàíèõ (DataChain) ³ ìîäåëåé
ñï³ëüíîãî âèêîðèñòàííÿ ðåñóðñ³â (CrowdRoute). Äîñë³äæåííÿ
ïîêàçóº, ÿê ö³ êîìïîíåíòè ìîæóòü áóòè àäàïòîâàí³ äî óìîâ
âîºííî¿ òà ïîâîºííî¿ åêîíîì³êè Óêðà¿íè äëÿ ïîäîëàííÿ ëîã³ñòè÷-
íîãî ïðîá³ëó, çíèæåííÿ âðàçëèâîñò³ ëàíöþã³â ïîñòà÷àíü äî
â³éñüêîâî-ïîë³òè÷íèõ ðèçèê³â ³ ï³äòðèìêè ïîâîºííî¿ â³äáóäî-
âè. Ó ðîáîò³ îêðåñëåíî åêîíîì³÷í³ åôåêòè âïðîâàäæåííÿ àäàï-
òèâíèõ ëîã³ñòè÷íèõ ìîäåëåé (ñêîðî÷åííÿ CAPEX çà ðàõóíîê
FlexHub, îïòèì³çàö³ÿ OPEX ³ çìåíøåííÿ çáèòê³â â³ä çáî¿â,
ìîíåòèçàö³ÿ «ìåðòâèõ» àêòèâ³â ÷åðåç CrowdRoute, çíèæåí-
íÿ âóãëåöåâîãî ñë³äó çàâäÿêè GreenChain òà ReLoop Logistics)
òà ïðîàíàë³çîâàíî ¿õ ïîòåíö³àë äëÿ ï³äâèùåííÿ ³íâåñòèö³é-
íî¿ ïðèâàáëèâîñò³ óêðà¿íñüêèõ ï³äïðèºìñòâ, çîêðåìà â êîí-
òåêñò³ äîñòóïó äî «çåëåíèõ» ô³íàíñîâèõ ³íñòðóìåíò³â òà
ì³æíàðîäíèõ ïðîãðàì â³äíîâëåííÿ.

Êëþ÷îâ³ ñëîâà: ëîã³ñòèêà, øòó÷íèé ³íòåëåêò,
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ïðèâàáëèâ³ñòü.
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This article explores key transformations in modern logistics
driven by the need for increased resilience (ResiLog), resource
flexibility (FlexHub), and environmental responsibility (GreenChain)
in the face of protracted shocks and high uncertainty. Particular
attention is paid to the Ukrainian context, where full-scale war
has led to the destruction of transport infrastructure, the blockade
of traditional export routes, the mass relocation of production
facilities, and chronic instability in delivery times and routes. In
such conditions, traditional linear management models (ERP,
classic SCM systems) are insufficient to ensure the continuity of
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supplies of critical resources and create a persistent “logistical
gap” between the needs of the economy and the capabilities of
existing supply chains. The concept of Smart-Synergy is analyzed
– an integrated approach to building adaptive logistics ecosystems
that combines sustainable logistics (ResiLog), flexible infrastructure
solutions based on the “logistics as a service” model (FlexHub),
environmentally oriented innovations (GreenChain, ReLoop
Logistics), as well as the use of artificial intelligence (SmartFlow),
big data (DataChain), and resource sharing models (CrowdRoute).
The study shows how these components can be adapted to the
conditions of Ukraine’s wartime and post-war economy to overcome
the logistics gap, reduce the vulnerability of supply chains to military
and political risks, and support post-war reconstruction. The paper
outlines the economic effects of implementing adaptive logistics
models (reducing CAPEX through FlexHub, optimizing OPEX
and reducing losses from disruptions, monetization of “dead” assets
through CrowdRoute, reduction of carbon footprint thanks to
GreenChain and ReLoop Logistics) and analyzes their potential
for increasing the investment attractiveness of Ukrainian enterprises,
particularly in the context of access to “green” financial instruments
and international recovery programs.

Keywords: logistics, artificial intelligence, decision making,
smart-synergy, investment attractiveness.
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