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The Port of Aktau, Kazakhstan, is a vital logistics hub within the Trans-Caspian Transport
Route. Synchromodal logistics emphasizes synchronized operations and real-time modal
shifts to improve sustainability and efficiency. However, its comparative advantages over
intermodal systems remain underexplored, particularly in emerging logistics markets like
Kazakhstan. The research evaluates transport costs, times, and environmental impacts
using data on container flows from the Port of Aktau. GIS-based modeling and Monte
Carlo simulations were employed to assess dynamic demand and optimize transport modes
and routes. Key performance metrics included transportation distances, terminal waiting
times, and CO2 emissions. Synchromodal systems demonstrated substantial advantages: a
35.5% reduction in road transport costs, 37.7% shorter terminal waiting times, and a 33.3%
decrease in CO2 emissions compared to intermodal systems. Despite higher rail transport
and cargo handling costs, synchromodal logistics significantly improved overall efficiency.
Road usage was reduced by 40.7%, while rail usage increased by 250%, optimizing
transport distances and enhancing environmental sustainability. Synchromodal systems
outperform intermodal logistics in cost-efficiency, environmental impact, and operational
resilience at the Port of Aktau. These findings highlight the potential of synchromodal
logistics to enhance freight transport sustainability and competitiveness in regional and
global contexts. Future research should focus on broader applications and empirical
validation of these systems.

1. INTRODUCTION

In the contemporary world, where

socio-economic

25,000 kilometers designated as republican-level public roads.
Key highways include the west-east corridor “Western Europe
- Western China,” integral to a major international transport

development and the improvement of living standards are
increasingly evident, there is a steady growth in demand for
freight transportation. This, in turn, leads to the flourishing of
the transportation and logistics industry. In this context,
multimodal transport emerges as a modern alternative to
single-mode transportation methods [1]. In China and
Kazakhstan, in particular, multimodal transport is gaining
importance due to initiatives like the “Belt and Road” and the
rapid development of road, waterway, railway, aviation, and
pipeline infrastructures. The railway network of Kazakhstan
ranks among the largest in the world, with a total length of
over 16,000 kilometers. The country's railway system operates
approximately 2,500 stations and junctions. Kazakhstan is also
advancing its high-speed rail connections, enhancing transport
accessibility, and promoting economic integration across
regions [2-6]. The road network of Kazakhstan spans
approximately 97,000 kilometers in total length, with over
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corridor linking Europe with China.

Roads play a crucial role in providing internal transport
connectivity between cities and regions of Kazakhstan. Major
urban centers such as Nur-Sultan, Almaty, Shymkent, and
Karaganda are interconnected by modern highways,
facilitating fast and safe transport [7, 8].

Multimodal transport encounters several challenges
associated with uncertainties such as weather changes, road
conditions, and unforeseen vehicle breakdowns, which can
lead to delays and disruptions in supply chains. These factors
pose complexities for decision-makers in planning and
organizing multimodal transport, thereby hindering its further
development [1]. For multimodal transport operators, this
necessitates managing complex logistics involving multiple
modes of transport, while cargo owners prioritize timely and
cost-effective transportation. Given these uncertainties,
effective management is critically important for decision-


https://crossmark.crossref.org/dialog/?doi=10.18280/ijtdi.090201&domain=pdf

makers in transport, ensuring cost-efficient transport services
and successful goods delivery.

Therefore, the development of transport plans must be
rational and efficient to minimize the impact of uncertainties
on decision-making regarding multimodal transport routes.
Optimizing  multimodal  transport  routes  involves
combinatorial optimization tasks, encompassing route and
mode selection. The first optimization model for multimodal
transport routes was proposed in 1995 [9], where the
assumption was made that total costs include intercity
transport expenses and intracity transit costs. A planning
model was developed with minimizing total costs as the
optimization goal for vehicle transit between cities. In
subsequent years, research in this field evolved into an
international scientific direction. Researchers have developed
various models and algorithms to address optimization
problems considering factors such as cost, time, and risks [10-

14].
With increased emphasis on the environmental
sustainability of transportation, studies have begun

incorporating concepts of “green” and “low-carbon” transport.
Optimization models now include not only traditional time and
cost metrics but also carbon dioxide emissions. Researchers
have proposed new approaches to organizing multimodal
transport that enable the selection of transportation plans
considering energy conservation and emission reduction [15-
17].

Uncertainties in multimodal transport refer to unpredictable
and probabilistic aspects that may arise during transportation
due to inclement weather, changes in road conditions, vehicle
failures, epidemics, and natural disasters. Research in this field
often focuses on stochastic demand and transportation times,
while vehicle failures and cost uncertainties are less frequently
studied. Methods such as fuzzy logic, robust optimization, as
well as various algorithms including metaheuristics, taboo
search, simulated annealing, and ant colony optimization, are
employed to address uncertainties. These approaches aim to
mitigate the impacts of uncertainty and enhance decision-
making in multimodal transport planning [18-21].

In recent years, the concept of synchromodality has gained
new significance within the context of multimodal transport
[22-24]. Research on synchromodality has attracted
international attention in recent years, shifting focus towards
this concept [25, 26]. van Riessen et al. [27] conducted a study
covering integrated network planning, real-time network
planning, and planning flexibility, which has made a
significant contribution to synchromodality research. Other
researchers have analyzed critical success factors and
technologies necessary for synchronous logistics, emphasizing
that such an approach enhances service quality and meets
customer needs. Expert opinions have also been analyzed,
identifying key criteria influencing synchromodality such as

service quality, efficiency, adequacy of infrastructure,
technical characteristics of terminals, and technology
integration.

Researchers have also investigated the dynamic problem of
matching freight shipments in internal synchromodality,
proposing methods for processing real-time information on
new cargo dispatch requests and developing heuristic
algorithms for decision-making [28-31]. Multi-objective
optimization models have been devised that take into account
decision-makers’ preferences, addressing transshipment
collection and distribution problems, for which adaptive large
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neighborhood search algorithms have been developed [32-34].

Despite the growing importance of efficient freight
transportation systems, intermodal systems face challenges
such as limited flexibility, higher environmental impact, and
inefficiencies in resource utilization. These limitations hinder
their ability to adapt to dynamic market demands and
sustainable logistics practices. Synchromodal systems, which
integrate real-time synchronization and modal shifts, have
emerged as a potential solution, but their comparative
advantages over intermodal systems remain underexplored,
particularly in regions like Kazakhstan.

This study aims to evaluate and compare the performance
of intermodal and synchromodal transport systems at the Port
of Aktau, focusing on cost-effectiveness, environmental
sustainability, and operational efficiency. Specific objectives
include: analyzing transportation costs, terminal waiting
times, and CO, emissions for both systems; assessing the
potential for synchromodal systems to optimize resource
utilization and reduce environmental impact; and identifying
the practical implications for logistics operations in
Kazakhstan and similar contexts.

By highlighting the comparative strengths and weaknesses
of these systems, this research provides valuable insights for
policymakers, logistics providers, and environmental
advocates. The findings can guide the development of more
efficient and sustainable freight transportation strategies,
enhancing the competitiveness of transport hubs like the Port
of Aktau on regional and international scales.

2. METHODS AND MATERIALS
2.1 Sea Port of Aktau, Kazakhstan

The Sea Port of Aktau, officially known as JSC “NC ‘Aktau
Sea Commercial Port,”” is located in the city of Aktau,
Kazakhstan, on the northeastern coast of the Caspian Sea [35].
It serves as a crucial transportation hub, playing a key role in
the international freight transport system. Port Aktau is part of
the Trans-Caspian Transport Route and is integral to the Silk
Road initiative, facilitating cargo transport from China to
Kazakhstan, Azerbaijan, Georgia, Turkey, and Europe. The
port handles both dry cargo and crude oil, with an annual
transshipment capacity exceeding 15 million tons.

Port Aktau comprises several terminals, including a
container terminal, a dry cargo terminal, and a liquid cargo
terminal. It is equipped to handle a wide range of commodities,
including oil, metals, grain, and containerized goods. Modern
warehousing and logistics facilities within the port enable
efficient cargo handling and storage.

Port Aktau is connected to the railway network extending to
Mangyshlak station. This provides direct rail connections to
major industrial and commercial centers in Kazakhstan, as
well as neighboring countries. Aktau is linked to the national
road network, facilitating easy access to the port from various
regions of the country. These road connections also link the
port to international transport corridors, thereby contributing
to increased volumes of international trade. Overall, Port
Aktau and its transport infrastructure play a crucial role in the
economy of Kazakhstan and the region, ensuring efficient
movement of goods and fostering the development of
international trade, as shown in Figure 1.
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Figure 1. Map of Port Aktau, Kazakhstan. a) Satellite view;
b) Topography

For our study, key regions of Kazakhstan have been selected
as primary destinations for domestic container transport, based
on historical flows where these regions constitute
approximately 90% of the total volume. Container transport is
of particular interest due to its standardized size and suitability
for intermodal handling. This facilitates overcoming
constraints related to size and equipment, thus facilitating
mode selection for transportation.

Container shipments from the Port of Aktau are directed to
eight key regions of Kazakhstan, thereby fostering both
domestic and international trade connections. The principal
regions include:

(1) Akmola Region: A region housing significant
agricultural and industrial enterprises that receive container
shipments through the Port of Aktau.

(2) Almaty Region: One of Kazakhstan's largest economic
regions, where container shipments support diverse
manufacturing and consumer needs.

(3) Atyrau Region: An important region for the oil and gas
industry, frequently receiving container shipments via the Port
of Aktau, particularly equipment and materials for oil and gas
extraction.

(4) East Kazakhstan Region: A region known for its
developed mining and metallurgical industries, receiving
container shipments of equipment and raw materials.

(5) Zhambyl Region: A crucial agricultural and industrial
region receiving container shipments of agricultural
machinery and fertilizers.

(6) Karaganda Region: An industrial hub of the country
receiving container shipments of equipment, raw materials,
and finished products for its metallurgical and engineering
enterprises.

(7) Kostanay Region: An agricultural region where
container shipments of agricultural machinery and products
are directed.

(8) Mangystau Region: Encompassing the Port of Aktau and
other industrial areas actively involved in the processing and
transportation of oil and gas.

These regions play a pivotal role in the economy of
Kazakhstan and actively utilize container transport to maintain
and develop their infrastructure and industry.

While the port boasts significant capabilities, including
container terminals and connectivity to national rail and road
networks, it faces several logistical challenges. Key issues
include infrastructure limitations, such as outdated equipment
and insufficient terminal capacities, which hinder efficient
cargo handling. Additionally, demand variability, driven by
seasonal and economic factors, complicates the planning and
allocation of resources. These challenges exacerbate delays,
increase costs, and impact the reliability of transport services.
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Addressing these issues is vital for optimizing the port’s
operations and leveraging its strategic position within the
Trans-Caspian Transport Route.

2.2 Real-time synchromodal system with joint planning of
container routes and transport vehicles

The real-time synchromodal system is an advanced logistics
concept that integrates various modes of transport to optimize
and enhance flexibility in managing container shipments
(Figure 2). This system facilitates joint planning of container
and transport vehicle routes, thereby improving efficiency and
reducing costs in the supply chain.

Database for
shipping,
infrastructure, and
service

Demand generator,
infrastructure
processor, and
service network

Order consolidation
for shipping.
Supernet

Assignment module

Performance

Flow allocation evaluation

Figure 2. Synchromodal model

The system is based on the principles of synchronization
and modal switching, enabling responsive adaptation to
changes in demand and delivery conditions. The real-time
synchromodal system components interact seamlessly to
optimize logistics operations. The Request Generator captures
dynamic transport demands, while the Network Processor
maps the transport network, facilitating flow management.
The Flow Assignment Module allocates resources based on
operational decisions, and the Performance Evaluation Tool
assesses economic and social impacts. Together, these
components enable adaptive routing and mode selection,
enhancing efficiency and responsiveness to changing
conditions in the supply chain. This integration fosters
improved service quality, reduced costs, and increased
resilience in logistics operations.

The demand for transport can be modelled as a stochastic
process. Let D(t) represent the dynamic demand profile at
time t, which includes variables such as destination d; ;
departure time tg; type of goods g;; hazard categories hy .
This demand can be captured through a probability
distribution that reflects uncertainties in logistics operations
(e.g., weather conditions, and vehicle availability).

The flow of goods through the network can be represented
by a flow assignment function f;;, which indicates the flow
from node i to node j. The total flow must satisfy:

jeN

This ensures that the total flow into each node equals the
demand at that node.



The optimization problem can be framed as follows:
mfin YieL Cify subject to: demand constraints ( f;; < D(t) );

capacity constraints (each link has a maximum capacity that
cannot be exceeded); and modal switching constraints
(allowing for transitions between different modes of transport
based on real-time data).

To implement real-time adaptations, we can use Monte
Carlo simulations to model uncertainties in demand and
transport times. The simulation generates multiple scenarios
based on probability distributions for: demand patterns;
transport times; and costs. The performance evaluation tool
computes metrics such as total costs, loading/unloading times,
and emissions reductions:

Total cost = Ctransport + Cloading + Cemissions

Incorporating  environmental  considerations  into
synchromodality involves multi-objective optimization where
objectives may include minimizing costs while maximizing
service quality and minimizing CO; emissions:

min: Crorqy = f1(x) + () + f3(2)
s.t.: gi(x,y,2) <0

where, f1, f5, f5 represent different objectives (costs, service
quality, emissions), and g; are constraints related to capacity
and demand satisfaction.

This study utilized Monte Carlo simulation to model
stochastic demand and freight flows. Monte Carlo simulation
was chosen due to its ability to handle uncertainty and
variability in complex systems, making it ideal for dynamic
demand scenarios in logistics. The method generates multiple
scenarios by sampling from probability distributions
representing demand patterns, transport times, and costs.

The system is evaluated in terms of transportation costs,
loading and unloading operations, freight and vehicle value
losses, as well as overall time expenditures. Social impacts
include reductions in road traffic and consequently, reductions
in CO, emissions.

The synchromodal system enables significant cost savings
by optimizing vehicle utilization and reducing delivery times.
It also enhances customer service quality and improves the
resilience of logistics operations. A real-time synchromodal
system with joint planning of container and transport routes
represents a powerful tool for modern logistics. It provides the
necessary flexibility to adapt to changing market conditions
and facilitates the creation of more efficient and resilient
transport networks. This system can serve as a model for
developing integrated transport solutions that consider both
economic and environmental aspects of global logistics.

The real-time synchromodal system with joint planning of
container and transport routes is implemented in transportation
planning software based on local GIS. This software utilizes a
comprehensive database that includes shipment details,
transport modes, and cargo types, allowing for precise route
planning and resource allocation. By leveraging GIS
capabilities, the software visualizes transport networks and
analyzes spatial data to optimize container flows from the Port
of Aktau to various regions. The integration facilitates real-
time updates on demand fluctuations and transport conditions,
enabling adaptive routing and efficient management of
multimodal transport operations, ultimately improving service
quality and reducing costs. Information on container
shipments throughout the year was sourced from open
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literature and publications [8, 36-38]. The database we
constructed contains details on shipment origins and
destinations, transport modes, cargo types (e.g., bulk,
containerized), cargo volumes, and some shipments that are
timestamped. Given the absence of direct observations within
the necessary spatiotemporal framework, the model is
calibrated using estimates of terminal throughput capacities
and railway transport volumes sourced from previous market
studies and reports. Calibration is performed by addressing
parameter estimation challenges, resulting in a model that
aligns well with the established target value ranges. These
measures and parameters contribute to enhancing the accuracy
of the modeling and enable more effective management of
freight transportation, ensuring the required level of service
while reducing costs.

3. RESULTS
Table 1 presents the distribution of container shipments
from the Port of Aktau into the interior regions of Kazakhstan

based on the time of day.

Table 1. Distribution of container shipments (%)

Time Interval (hours) %
0.00-1.00 0.9
1.00-2.00 0.8
2.00-3.00 0.3
3.00-4.00 1.3
4.00-5.00 1.2
5.00-6.00 35
6.00-7.00 5.0
7.00-8.00 4.9
8.00-9.00 6.0

9.00-10.00 6.6
10.00-11.00 6.1
11.00-12.00 8.8
12.00-13.00 7.0
13.00-14.00 7.1
14.00-15.00 6.8
15.00-16.00 7.2
16.00-17.00 6.3
17.00-18.00 6.2
18.00-19.00 32
19.00-20.00 2.5
20.00-21.00 32
21.00-22.00 0.9
22.00-23.00 1.3
23.00-24.00 1.0

The demand for transportation services within a single day
is derived from these empirical distributions, with stochastic
demand modeled through Monte Carlo (MC) simulation
utilizing repeated random sampling.

In the synchromodal system, where maintaining a high level
of service is crucial, the following time constraints are
established:

*  The maximum dwell time is set at 80 minutes.

*  The maximum waiting time is 300 minutes.

* The maximum transportation time is limited to six

days.

For model verification and calibration, data from the Port of
Aktau were utilized. The parameters for calibration included:

* Handling costs specific to each terminal.

* Costs in TEU-km (Twenty-foot Equivalent Unit-



kilometer) for rail network usage.
*  Costs in TEU-km for road transport.
*  Freight depreciation costs per type of cargo.
In Table 2, systemic costs are presented for intermodal and
synchromodal systems categorized by various types of
activities.

Table 2. Transport costs

. Costs (KZT)
Cost Categories Intermodal  Synchromeodal

Road transport 55,000,000 35,500,000

Rail transport 1,500,000 2,000,000

Waiting at th_e departure 2,500,000 3,000,000
terminal

Dwell time 500,000 1,000,000

Handling 21,000,000 35,500,000

Transfer/transshipment waiting 3,000,000 2,500,000

Analyzing the data presented in Table 2, it can be concluded
that the costs for road transport in the synchromodal system
(35,500,000 KZT) are significantly lower compared to those
in the intermodal system (55,000,000 KZT). This difference is
attributed to more efficient route planning and optimized
utilization of transport vehicles. Costs for railway transport are
higher in the synchromodal system (2,000,000 KZT)
compared to the intermodal system (1,500,000 KZT), possibly
due to increased use of rail transport in the synchromodal
system to reduce overall costs and transport time. Terminal
waiting costs are slightly higher in the synchromodal system
(3,000,000 KZT) compared to 2,500,000 KZT in the
intermodal system, reflecting additional expenses to maintain
high service standards. Storage costs are also higher in the
synchromodal system (1,000,000 KZT) compared to the
intermodal system (500,000 KZT). Processing costs are
significantly higher in the synchromodal system (35,500,000
KZT) compared to 21,000,000 KZT in the intermodal system,
likely due to higher automation levels and the use of more
advanced technologies. Transfer waiting costs are lower in the
synchromodal system (2,500,000 KZT) compared to the
intermodal system (3,000,000 KZT), indicating more efficient
cargo flow management.

Table 3 presents the distances for trucking and railway
transportation in the intermodal and synchromodal systems.

Table 3. Transportation by road type

Distance (km)

Mode of Transport

Intermodal  Synchromodal
Road 135,000 80,000
Rail 20,000 70,000

Based on the results presented in Table 3, it can be observed
that in the synchromodal system, the distance covered by road
transport (80,000 km) is significantly less than in the
intermodal system (135,000 km). This indicates a more
efficient use of rail transport and route optimization to reduce
the overall distance. The distance covered by rail transport in
the synchromodal system (70,000 km) is greater than in the
intermodal system (20,000 km). The increased utilization of
rail transport helps to reduce costs associated with road
transport and mitigate environmental impact.

Table 4 presents the data on transport time expended in
intermodal and synchromodal systems.
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Table 4. Transport duration

Elapsed Time (minutes)

Cost Categories

Intermodal Synchromodal
Road transport 100,000 80,000
Rail transport 350,000 400,000
Waiting at the departure 450,000 280,000

terminal

Stay 30,000 55,000
Processing 10,000 15,000
Transfer/waiting for transfer 70,000 60,000
Completion of transport 20,000 10,000

Analyzing the time spent on transport operations reveals
that in the synchromodal system, the time spent on road
transport (80,000 minutes) is lower compared to the
intermodal system (100,000 minutes). This reduction is
attributed to route optimization and distance reduction. In
contrast, the time allocated for rail transport is greater in the
synchromodal system, totaling 400,000 minutes, compared to
350,000 minutes in the intermodal system. However, this
increase is balanced by a reduction in road transport time. The
synchromodal system also exhibits significantly lower waiting
times at the departure terminal, with 280,000 minutes
compared to 450,000 minutes in the intermodal system. This
suggests improved management and coordination of freight
flows. While dwell time in the synchromodal system is higher
at 55,000 minutes versus 30,000 minutes in the intermodal
system (likely due to a commitment to maintaining high
service levels), the processing time is slightly elevated as well,
with 15,000 minutes in the synchromodal system compared to
10,000 minutes in the intermodal system. Additionally,
transfer waiting time is more efficient in the synchromodal
system at 60,000 minutes, compared to 70,000 minutes in the
intermodal system.

The time for completing the transport operation in the
synchromodal system (10,000 minutes) is half that of the
intermodal system (20,000 minutes).

Table 5 presents data on the duration of associated
operations.

Table 5. Duration of associated operations

Elapsed Time (minutes)

Cost Categories

Intermodal  Synchromodal
Road transport 490 420
Rail transport 530 190
Waiting at the departure 50 70

terminal

Stay 20 30
Processing 60 50
Transfer/waiting for transfer 60 40

The analysis of the duration of related operations in Table 5
indicates that the time required for rail transport in the
synchromodal system is 420 minutes, less than the 490
minutes observed in the intermodal system. This suggests a
higher efficiency in rail transportation management.
Additionally, waiting time at the terminal in the synchromodal
system is significantly reduced to 190 minutes, compared to
530 minutes in the intermodal system, highlighting improved
planning and coordination of operations. However, the dwell
time in the synchromodal system is longer at 70 minutes,
compared to 50 minutes in the intermodal system. Processing
time also differs, with the synchromodal system requiring 30
minutes, slightly more than the 20 minutes needed in the



intermodal system; this may be due to more complex
operational processes.

Furthermore, transfer waiting time is shorter in the
synchromodal system at 50 minutes versus 60 minutes in the
intermodal system. Finally, the completion time for transport
operations is quicker in the synchromodal system at 40
minutes, compared to 60 minutes in the intermodal system,
indicating a faster overall operational turnaround. Overall, the
analysis of the presented data indicates that the synchromodal
transport system offers several advantages compared to the
intermodal system. Key benefits include reduced costs for road
transport, shorter waiting times at terminals and transfers, and
improved coordination and planning of operations. However,
the synchromodal system also requires higher investments in
rail transport and cargo handling. In general, the synchromodal
system enables more efficient management of freight
transport, ensuring the necessary level of service and reducing
overall costs.

CO; emissions from rail transport are calculated based on
the nonlinear model outlined in the study by Zhang and Pel
[39].

In Table 6, CO, emissions for intermodal and synchromodal
systems are presented.

Table 6. Carbon dioxide emissions for intermodal and
synchromodal systems

CO; Emissions (kg)

Mode of Transport Intermodal Synchromodal
Road 90,000 60,000
Rail 1,000 2,000

For automotive transport in the intermodal system, CO-
emissions amount to 90,000 kg, significantly higher than in the
synchromodal system, where emissions are 60,000 kg. This
indicates the advantage of synchromodal systems in reducing
emissions from automotive transport.

For railway transport, the intermodal system emits 1,000 kg
of CO,, which is less than the 2,000 kg emitted by the
synchromodal system. This difference may be attributed to
varying routes or the use of different technologies and types of
trains in each system.

Overall, Table 6 demonstrates that the synchromodal
system is more effective in reducing CO, emissions for
automotive transport but less effective for railway transport
compared to the intermodal system.

The findings indicate that implementing a real-time
synchromodal system can significantly enhance logistics
efficiency in Kazakhstan, particularly at the Port of Aktau. The
integration of various transport modes allows for flexible route
planning and resource allocation, leading to reduced
transportation costs and improved service quality. This system
also addresses uncertainties in multimodal transport,
enhancing resilience against disruptions. Furthermore, the
emphasis on environmental sustainability through lower CO,
emissions aligns with global trends towards greener logistics
practices. These implications suggest that policymakers and
logistics operators should prioritize the adoption of
synchromodal systems to foster economic growth and improve
competitiveness in regional and international markets.

While the study provides valuable insights, it has several
limitations. First, the analysis relies on modeled data and
simulations rather than direct observations, which may not
fully capture real-world complexities. Second, the focus on the
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Port of Aktau and its specific context limits the
generalizability of findings to other regions or ports with
different infrastructures and economic conditions. Third, the
higher costs associated with rail transport and cargo handling
in synchromodal systems were not deeply explored in terms of
long-term cost-benefit trade-offs. Future research should
address these limitations by incorporating empirical data and
exploring broader applications in diverse settings.

4. DISCUSSIONS

In this study, intermodal and synchromodal transportation
systems used in the Port of Aktau, Kazakhstan, were
compared. We analyzed transportation costs, transport times,
and CO, emissions for both systems. These results can be
compared with findings from other researchers to better
understand their significance and uniqueness.

Table 7 provides a comparison of our findings with the
results of similar studies.

Table 7. Comparison of research results

Comparison with the

Publication Main Findings Current Study
Our study also
o demonstrates a
Kim and Wee Rail lntermodal reduction in CO2
systems emit less N
[40] emissions in
CO:z.
synchromodal systems
for road transport.
Transition to
. . Synchromodal systems
Kim et al. intermodal systems L7
show reductions in
[41] reduces CO2 .
. emissions and costs.
emissions.
Our findings confirm
. Intermodal networks that synchromodal
Rudi et al. systems enhance the
enhance transport
[42] operations management and
p ’ efficiency of freight
transport.

Railroad intermodal

transport is cheaper Synchromodal system

Walasek [43] and more reduces costs and COz
environmentally emissions.
friendly.
Optimizing Our study confirms a
Ma et al. [44] intermodal networks ~ reduction in emissions
) reduces CO2 due to synchromodal
emissions. systems.
Intermodal systems Synchromodal systems
are more
Kreutzberger . demonstrate lower CO2
environmentally .
et al. [45] . emissions for road
friendly than road
transport.
transport.
Reduced costs by Our S.t udy shows a
Mes and 10.1% and CO reduction in costs by
Tacob [46] emiss.ior(l)s by 14 220/ 35.5% and CO»
y 1827 emissions by 33.3%.
Our study emphasizes
Zhao et al. l?emand uncertainty the importance Qf
[47] increases costs and managing uncertainty
CO: emissions. in synchromodal
systems.
Trade-offs between The synchrp modal
Park et al. . system considers and
costs, time, and CO» L. .
[48] optimizes costs, time,

emissions. o
and emissions.




In summary, Table 7 demonstrates that the results of our
study largely correspond to the findings of other researchers,
highlighting the efficiency and environmental benefits of
synchromodal systems. Synchromodal systems show
significant reductions in costs for road transport (by 35.5%)
and CO, emissions (by 33.3%), as well as a decrease in waiting
time at terminals (by 37.7%). This confirms that synchromodal
systems can significantly enhance logistical operations,
providing more sustainable and economically viable
transportation solutions.

The synchromodal system effectively manages disruptions
and uncertainties in the transport network by utilizing real-
time data integration and adaptive routing. It employs
advanced algorithms to analyze current conditions, allowing
for dynamic adjustments in transport modes and routes based
on factors such as weather, traffic, and vehicle availability.
This flexibility enhances resilience by enabling quick
responses to unexpected events, minimizing delays, and
optimizing resource allocation. Additionally, the system's
performance evaluation tools continuously assess the impact
of disruptions, facilitating informed decision-making and
enhancing overall supply chain reliability. This proactive
approach ensures that logistics operations remain efficient
even amidst uncertainties.

Implementing synchromodal systems in Kazakhstan's
logistics sector faces significant barriers, including the need
for substantial infrastructure investments, stakeholder
resistance, regulatory challenges, and technology integration.
Upgrading existing transport infrastructure to support real-
time data exchange and intermodal connectivity is crucial but
costly. Stakeholders may resist change due to concerns over
costs and operational disruptions. Moreover, the regulatory
framework may not adequately support the flexibility required
for synchromodal operations, necessitating reforms to
streamline processes. To overcome these challenges,
Kazakhstan can pursue public-private partnerships to share
investment burdens, engage stakeholders through educational
programs and pilot projects, and establish a task force to
review and amend regulations. Additionally, investing in
advanced technologies such as real-time tracking systems and
data analytics tools will enhance operational efficiency. These
solutions can help create a more efficient logistics
environment that leverages synchromodality's potential to
improve service quality, reduce costs, and enhance resilience
in the face of dynamic market demands. By addressing these
barriers proactively, Kazakhstan can position itself as a leader
in modern logistics practices.

5. CONCLUSIONS

This study investigates the efficiency of intermodal and
synchromodal transportation systems in the Port of Aktau,
Kazakhstan. The research aims to identify differences in costs,
transportation times, and CO, emissions between these two
systems, as well as to assess their impact on the economy and
the environment.

For our study, key regions of Kazakhstan were selected as
primary destinations for domestic container transport, based
on historical freight flows, which constitute approximately
90% of the total volume. After conducting the study, it was
found that in the synchromodal system, costs for road
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transportation are 35.5% lower compared to the intermodal
system. This is attributed to more efficient route planning and
optimized use of transport vehicles. Costs for rail
transportation in the synchromodal system are 25% higher
than those in the intermodal system. This increase may be
attributed to a greater reliance on rail transport, aimed at
reducing overall costs and transportation times. Terminal
waiting time is significantly lower in the synchromodal
system, with a reduction of 37.7% compared to the intermodal
system. This improvement suggests enhanced management
and coordination of freight flows. Conversely, processing time
in the synchromodal system is 33.3% higher than in the
intermodal system, likely due to more complex operations and
elevated levels of automation. When it comes to CO;
emissions, road transportation in the intermodal system
produces 33.3% more emissions compared to the
synchromodal system, underscoring the environmental
benefits of synchromodal approaches in reducing road
transport emissions. However, CO, emissions from rail
transportation in the synchromodal system are 50% higher
than those in the intermodal system, which may be influenced
by different routes or variations in train types and technologies
used. Overall, the study has shown that the synchromodal
system is more efficient in terms of costs for road
transportation, waiting times at terminals, and CO, emissions.
However, cargo handling and rail transportation constitute
significant expenses. In general, the use of the synchromodal
system allows for more efficient management of freight
transport, thereby reducing overall costs and ensuring the
necessary level of service. These findings underscore the
potential of synchromodal systems to enhance the efficiency
and sustainability of transport operations.

Policymakers and logistics operators in Kazakhstan should
focus on several actionable recommendations to enhance the
implementation of synchromodal systems. First, they should
invest in upgrading infrastructure, particularly intermodal
terminals and digital tracking systems, to support seamless
transitions between transport modes. Second, fostering public-
private partnerships can alleviate financial burdens and
encourage innovation in logistics. Third, engaging
stakeholders through training and pilot projects will help
mitigate resistance to change. Fourth, regulatory reforms are
essential to streamline processes and facilitate multimodal
operations. Finally, investing in advanced technologies for
real-time data management will optimize logistics efficiency
and improve service quality.

Future research directions should focus on evaluating the
comparative advantages of synchromodal systems over
traditional intermodal transport in Kazakhstan, particularly
regarding cost-effectiveness and environmental sustainability.
Additionally, studies should explore advanced algorithms for
real-time decision-making in dynamic logistics environments,

incorporating  factors like demand variability and
infrastructure  constraints.  Investigating  stakeholder
engagement strategies to facilitate the adoption of

synchromodal practices will also be essential, alongside
assessing the integration of green technologies in multimodal
transport systems to enhance sustainability. Finally, empirical
studies on the performance of synchromodal systems at key
transport hubs can provide valuable insights for policy
development.
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