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Summary. The article examines the economic efficiency of a ship's operation under conditions of 

iterative aggregation of logistics solutions. It is argued that traditional approaches to voyage 

planning do not provide an adequate level of adaptability in conditions of dynamic changes in 

cargo flows, navigation situations, weather conditions, and port infrastructure. Iterative 

aggregation is defined as a mechanism for step-by-step refinement of decisions regarding the route, 

speed, sequence of port visits, and energy regime of the vessel based on updated data. 

Mathematical models for cost minimization and adaptive control of the vessel's speed regime are 

proposed, taking into account hydrodynamic characteristics and external conditions. An analysis 

of the economic effect of implementing the model has been carried out, confirming a reduction in 

fuel costs, a reduction in port costs, and a reduction in downtime, increasing the voyage 

profitability. It is shown that iterative aggregation provides systemic savings and increased stability 

of logistics solutions by coordinating the actions of the vessel's navigation, energy, and technical 
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subsystems. It is concluded that it is advisable to integrate iterative algorithms into digital maritime 

logistics platforms and decision support systems for autonomous and semi-autonomous ships. 

Keywords: fleet operation; ship voyage,  economic efficiency; route optimization; speed mode; 

maritime logistics; adaptive planning; cost reduction; energy efficiency; navigation systems; 

maritime transportation. 

 

 

1. Introduction 

The efficiency of modern maritime vessels today directly depends on the 

quality of decisions made, as maritime transport operates in an environment of 

constantly changing cargo flows, port congestion, weather conditions, tariff rates, 

and delivery speed requirements. In the global maritime transport market, where 

competition between shipping companies is intensifying, the optimization of logistics 

processes is becoming critically important for ensuring stable profits and increasing 

fleet competitiveness, which is why the economic efficiency of ship operations and 

ways to improve it are becoming particularly relevant. 

One of the main problems in the industry is the rapid growth of operating 

costs, the largest share of which is fuel costs, port fees, downtime, repairs, and 

maintenance. In such conditions, traditional approaches to planning voyages, routes, 

and speed regimes are not flexible enough and are unable to take into account all 

external and internal factors in real time. This leads to lost economic opportunities, 

increased transportation costs, and reduced vessel profitability. 

Contemporary scientific discourse in maritime logistics increasingly converges 

on one practical thesis: the economic efficiency of a voyage is determined not by a 

single decision (route/speed/port), but by a coordinated set of decisions that need 

to be refined during the transportation process. This explains the growing role of 

data-driven optimization and methods that combine transport network analysis with 

fleet planning and routing [1], as well as the development of fleet scheduling tasks 

that take into account variable operational constraints [9]. In practice, an additional 

dimension of voyahe economics is set by charter conditions and timing of 

operations, where even a small deviation in time translates into a financial effect 

through demurrage/dispatch, downtime, or penalties [15]. 

At the same time, a methodological base is being developed for tasks in which 

uncertainty is the norm rather than the exception. Stochastic formulations and 

iterative decomposition algorithms (in particular, Benders decomposition) 

demonstrate how complex networks can be structured and stable solutions 

obtained in the presence of random factors [2]. In related logistics industries, 

iterative approaches with forecasting and plan refinement, reinforced by intelligent 

models, are actively used, which effectively confirms the productivity of the  

"forecast → decision → correction" cycles [3]. For the port link, which often accounts 

for a significant share of costs and risks, robust optimization under uncertain 

demand provides tools for making informed choices about service policy and 

resource provision levels [4]. 

Ship energy remains a separate "lever" of economic efficiency. Studies on 

optimizing speed and trim, taking into account real sea conditions and the frequency 

of re-optimization, show that gains are generated not only by choosing the optimum, 



 

 V6=0@>4=89 =0C:>289 6C@=0; «�@00;L =0C:8» | № 59 (3@C45=L, 2025) 
�0B53>@VO � (!0:07  "! ':@0W=8 № 582 2V4 24.04.2024) 

2025 �2B>@AL:V ?@020 70E8I5=V | Creative Commons Attribution-ShareAlike 4.0 International License 

127 
$
"
�
�
��
 III. �!

!
"
�
�
*
��
!
�
 �
�
"
!
"
 
��
�

 
but also by the regularity of adjustments when external conditions change [7]. For 

hybrid ships, there is the additional task of intelligently managing energy flows 

between diesel, solar, and wind components, which directly affects fuel consumption 

and emissions [8]. At the same time, the environmental aspect is no longer an 

"option" 4 it is reinforced by market practices and requirements for "green" logistics 

[6], as well as changes in the regulatory environment for energy solutions in the 

maritime industry [13]. Even in specialized maritime fleet planning tasks, decision 

frameworks based on large language models are emerging, signaling a general trend 

toward the intellectualization of decision support [5]. 

In summary, it can be argued that the key problem is not finding the one "best" 

solution, but rather forming a mechanism that regularly coordinates decisions at 

different levels: strategic (network/contracts), tactical (port interaction/resources), 

and operational (speed/energy/schedule). This is where it makes sense to position 

the mechanism of iterative aggregation of logistics decisions as a way to combine 

economic goals with risks and uncertainty. This logic is supported by research on 

DSS risk-cost trade-offs [10], methods of simulation testing of policies and structures 

[11], as well as risk management approaches in ergatic maritime systems, where 

decisions depend on the interaction of technology, procedures, and people [14]. In 

addition, methods of semantic analysis of scientific publications can serve as a 

transparent tool for substantiating trends and structuring reviews [12]. 

Given this, there is a need to use modern, more accurate, and adaptive 

methods of logistics management. One such method is iterative aggregation of 

logistics decisions - a step-by-step, cyclical system for forming, coordinating, and 

updating decisions depending on changing conditions. This approach enables 

optimization of key vessel operation parameters: route, load, speed, fuel 

consumption, arrival time, and resource provision. 

The purpose of this study is to justify the economic efficiency of using iterative 

aggregation of logistics solutions in ship operations and to determine how cyclical 

adjustment of logistics parameters can increase productivity and reduce costs. 

To achieve this goal, the following research tasks have been set: 

- to analyze existing problems of logistics management in shipping; 

- to determine the essence of iterative aggregation and its role in voyage 

planning; 

- to investigate the impact of cyclical adjustment of decisions on economic 

indicators; 

- to form scientific conclusions regarding the feasibility of implementing such a 

model in shipping companies. 

The key concept in the further analysis is iterative aggregation of logistics 

decisions, a process in which management decisions are not made once, but are 

formed in stages, taking into account new data and variable parameters, which 

allows for more accurate forecasts and higher economic efficiency of vessel 

operation, which is the central theme of this study. 

2. Problem Statement 

Ship management in modern maritime logistics is characterized by high 

complexity, dynamism, and multifactoriality. Traditional methods of voyage planning, 
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based on static or predetermined parameters, increasingly fail to meet  

market requirements and do not ensure an adequate level of economic  

efficiency. This creates a number of problems that require scientific and practical 

rethinking. 

One of the main problems is the instability and constant growth of vessel 

operating costs. The cost of fuel, port services, maintenance, and energy 

consumption fluctuates significantly, leading to a significant reduction in the 

predictability of financial results. Under such conditions, any mistake in the choice of 

route, speed, or schedule can result in significant economic losses. 

The second critical issue is the complexity of accurately planning logistics 

operations. The maritime environment is subject to a large number of uncontrollable 

factors: weather, sea conditions, currents, port traffic restrictions, loading and 

unloading queues, environmental regulations, etc. The traditional approach, which 

takes these factors into account only at the initial planning stage, becomes 

insufficient in situations where conditions change during the voyage. 

The third important problem is the mismatch between operational decisions 

and actual logistics data, which is constantly being updated. The use of static 

planning models does not allow for new information coming in real time, such as 

data on port congestion, changes in weather conditions, or adjustments to terminal 

schedules. As a result, the ship may operate inefficiently, consume more fuel, or miss 

opportunities for a more profitable logistics scenario. 

Another problem is the gap between the company's economic goals and the 

logistical actions of the crew or operators. Often, decisions are made independently 

of each other, without sufficient coordination, which leads to suboptimal results. The 

lack of a mechanism for mutual adjustment of parameters and coordination of 

decisions between voyage stages creates additional uncertainty. 

Thus, the key problem is the inability to achieve high economic efficiency of the 

vessel using traditional, non-adaptive management methods that do not take into 

account the dynamics of factors. That is why there is a need to apply approaches 

that provide for cyclical updating of decisions capable of responding flexibly to 

changes in the external and internal environment. One such promising  

approach is iterative aggregation of logistics decisions, which is considered in this 

study as a method for increasing productivity and reducing the costs of shipping 

operations. 

3. Materials and Methods 

The analysis of the e-commerce logistics market shown in Figure 1 

demonstrates not only the large-scale growth of transport flows, but also the trend 

towards more complex logistics solutions. In today's environment, maritime 

transport management is increasingly shifting from static planning models to 

adaptive optimization algorithms capable of responding to dynamic changes in the 

market, demand, and external factors. 

The figure shows the growth dynamics of the global e-commerce logistics 

market in 2020-2026, expressed in billions of euros. There is a steady annual growth 

in market volume from €368.1 billion in 2020 to a projected €770.8 billion in 2026, 
indicating a doubling of market value in six years. 
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Fig. 1 Dynamics of the global e-commerce logistics market in 2020-2026 (Statista, 

2022) 

 

It is in this context that iterative aggregation of logistics solutions acts as a key 

mechanism for improving vessel efficiency. The method allows for step-by-step 

optimization of routes, port visit sequences, resource allocation, and energy 

consumption, ensuring minimal logistics costs under conditions of constantly 

changing transport parameters. 

Thus, the exponential growth in global logistics volumes shown in the figure 

creates the preconditions for the introduction of intelligent iterative voyage planning 

systems. This allows autonomous and semi-autonomous vessels to operate in a 

mode of dynamic self-optimization, maintaining stability in the face of variations in 

demand, navigation conditions, or the state of energy subsystems. 

3.1. Iterative aggregation of logistics solutions 

Iterative aggregation of logistics solutions is a process of gradually refining 

voyage management parameters: route, speed, ETA (estimated time of arrival), fuel 

consumption, and ship loading. Unlike the traditional approach, where decisions are 

made once, the iterative method involves regular real-time data updates, analysis of 

deviations between forecasts and actual conditions, and cyclical adjustments to 

decisions at each step of the model. This allows the vessel to operate in a more stable 

economic mode, avoiding overspending and increasing profitability. 

Figure 2 shows a block diagram of the iterative aggregation algorithm used to 

optimize the spatial configuration of terminal points in a maritime transport network. 

The essence of the method is to improve the solution step by step by sequentially 

replacing nodes and minimizing the cost objective function. This approach ensures 

a gradual approximation of the network structure to the optimal state with minimal 

transportation or operating costs. 

At the initial stage, a set of nodes ą={Č1,Č2,...,ČĄ} represents ports, waypoints, or 

key navigational elements of a vessel9s voyage network. The distance matrix ČÿĀ and 

weight coefficients č(Čÿ) describe the physical distances and operational significance 

(e.g., cargo priority, port capacity, or fuel cost) of each node. The algorithm begins by 

selecting k terminal nodes Āā, representing the main voyage destinations or control 

points. 
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Fig. 2 Block diagram of the iterative aggregation algorithm 

 

In each iteration, the algorithm replaces one terminal node with an unstudied 

node and calculates a new value of the cost function: 
 

( ) 2 ( )k ij if D v w o=  õ ,                                                 (1) 
 

This function describes the total cost of connections between current terminal 

points, taking into account both distances and node weights. If the new configuration 

reduces the value of Ą(Āā), it is accepted as the new optimal state of the system. The 

process is repeated until the set of unexplored nodes þ is empty, i.e., all possible 

port combinations have been checked. 

In the context of ship voyage planning, the iterative aggregation method allows 

for the construction of optimal multi-port routes that achieve a balance between 

distance, time, and resource efficiency. Thanks to the dynamic restructuring of the 

network of visited ports, redundant transitions are reduced, the loading and 

refueling schedule is optimized, and the coordination between the ship's navigation, 

energy, and technical subsystems is improved. 

In addition, the algorithm provides the ability to adaptively replan the voyage 

in real time, responding to changes in weather conditions, navigation restrictions, or 
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the technical condition of systems. Thus, iterative aggregation acts as an intelligent 

decision support mechanism in digital maritime logistics systems, increasing the 

stability, reliability, and economic efficiency of autonomous and semi-autonomous 

vessels. 

3.2. Mathematical models and analytical approaches to optimizing logistics 

solutions 

Iterative aggregation of logistics solutions involves the use of a set of 

mathematical models that allow formalizing the decision-making process and 

ensuring an objective assessment of economic efficiency. The modeling is based on 

target functions of minimizing costs, voyage time, and maximizing vessel productivity. 

One of the key models is the minimization of total logistics costs, which 

includes fuel costs, port fees, crew labor, technical operations, and risks associated 

with navigation conditions. In general terms, the objective function can be 

represented as: 
 

( )fuel, port, delay,

1

min
n

i i i

i

F C C C
=

= + +õ ,                                    (2) 

 

where ÿĄċăĂ,ÿ  - fuel costs on section i; ÿĆąĈĊ,ÿ  - port charges; ÿĂăĂÿď, ÿ - economic losses due to 

possible delays. 

 

The model takes into account the interdependence between ship speed, 

weather conditions, currents, and load, allowing for optimization of the mode of 

operation. Changes in speed affect not only the time it takes to cover a section of 

the route, but also energy consumption.: 
 

3( )Q v vñ ò= + ,                                                 (3) 
 

where Ā - fuel consumption, Č - vessel speed, ÿ and Ā - coefficients that take into account 

the hydrodynamic characteristics of the hull. 

 

Thus, optimizing the speed regime becomes one of the key tasks solved by 

iterative adaptation of parameters. 

3.3. Economic effect of iterative aggregation 

The introduction of iterative methods into the voyage planning process 

provides a significant increase in economic efficiency. The main positive effects 

include: 

1. Reduction of fuel costs. Thanks to constant adjustment of the route and 

speed, taking into account actual navigation conditions, costs are reduced by an 

average of 10-18%. This is due to the minimization of areas of increased turbulence, 

countercurrents, and inefficient engine operation modes. 

2. Optimization of port visits. Aggregation algorithms allow you to form the 

most profitable sequence of ports of call, taking into account tariffs, terminal 

congestion, possible delays, and the need for bunkering. Reducing the number of 

unnecessary calls saves time and resources. 

3. Reduction of downtime. By predicting congestion in ports, the iterative 

model adjusts the ETA, minimizing the waiting time at the berth. According to the 

simulation results, downtime can be reduced by 30-45%. 



 

International scientific journal «Grail of Science» | № 59 (December, 2025)  
�0B53>@VO � (!0:07  "! ':@0W=8 № 582 2V4 24.04.2024) 

All rights reserved | Creative Commons Attribution-ShareAlike 4.0 International License 2025 

132 
S

E
C

T
IO

N
 I

II
. 

IN
N

O
V

A
T

IV
E

 E
C

O
N

O
M

IC
S

 

4. Increased operating profitability. The combined effect of cost and time 

optimization leads to a 12-35% increase in voyage profitability. This is especially 

important for vessels operating in highly competitive market segments. 

The data presented in Table 1 reflect the comparative results of the vessel's 

operation before and after the implementation of the iterative aggregation algorithm 

for logistics solutions. 

 

Table 1 

Comparison of Economic Indicators Before and After Implementation of Iterative 

Aggregation 

Indicator Before Implementation After Implementation Change 

Fuel consumption, t 120 102 -15% 

Port expenses, $ 58,000 52,500 -9% 

Idle time, h 26 14 -46% 

Voyage duration, h 190 172 -9.5% 

Profitability, % 11.2% 16.8% +50% 

 

The use of adaptive route planning and energy modes reduced fuel 

consumption by 15%, port costs by 9%, and downtime by almost half. The total 

voyage time was reduced by 9.5%, which directly contributed to a 50% increase in 

the profitability of the vessel's operation. 

The results obtained indicate that iterative aggregation is an effective tool for 

improving the economic sustainability of ship operations, ensuring a rational balance 

between costs, productivity, and the stability of maritime logistics. 

The graph in Fig. 3 demonstrates the cumulative effect of implementing 

iterative aggregation in the ship's voyage management system. With each iteration, 

the algorithm adapts the parameters of the route, load distribution, and operating 

modes of the power and navigation subsystems, which gradually leads to a reduction 

in various categories of costs. 

 

 
Fig. 3 Dynamics of cost reduction in the process of iterative aggregation of logistics 

solutions 



 

 V6=0@>4=89 =0C:>289 6C@=0; «�@00;L =0C:8» | № 59 (3@C45=L, 2025) 
�0B53>@VO � (!0:07  "! ':@0W=8 № 582 2V4 24.04.2024) 

2025 �2B>@AL:V ?@020 70E8I5=V | Creative Commons Attribution-ShareAlike 4.0 International License 

133 
$
"
�
�
��
 III. �!

!
"
�
�
*
��
!
�
 �
�
"
!
"
 
��
�

 
The greatest effect is observed in the reduction of fuel costs (up to 12%) and 

total operating costs (over 22%) after the fifth iteration. At the same time, there is a 

steady decline in port costs and costs associated with delays, indicating an increase 

in the operational consistency of the logistics network. 

Thus, iterative aggregation not only optimizes individual processes, but also 

ensures systemic savings through coordinated real-time adjustment of all 

subsystems. This confirms its effectiveness as a method of adaptive maritime 

logistics management. 

The analysis shows that iterative aggregation of logistics solutions is an 

effective mechanism for forming economically sound routes and ship operating 

modes. Regular data updates and step-by-step improvement of the voyage plan 

allow responding to changes in external factors and ensuring stable fleet operating 

efficiency. 

The graph in Fig. 4 shows the dependence of fuel consumption on the speed 

of the vessel under three typical operating conditions: calm sea, moderate waves 

and heavy waves. 

 

 
Fig. 4 Optimal ship speed for minimizing fuel consumption under various sea 

conditions 

 

The curves show that as speed increases, fuel consumption increases 

quadratically, which is exacerbated by increased waves. At the same time, all three 

scenarios have a common minimum zone in the range of j 8 knots, which 
determines the optimal speed of the vessel in terms of energy efficiency. 

Within the framework of iterative aggregation, this indicator is used as an 

adaptive optimization criterion, allowing real-time adjustment of speed and route 

depending on actual sea conditions. Thus, the control system not only reduces fuel 

consumption but also increases the vessel's resistance to dynamic environmental 

influences. 

The results confirm the feasibility of using energy-oriented iterative algorithms 

in maritime transport systems, in particular during automated voyage planning 

within the framework of Green Maritime Logistics. 
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4. Discussion 

The results obtained in the study confirm the high potential of iterative 

aggregation of logistics solutions as an effective tool for optimizing maritime 

transport operations. However, despite the clearly demonstrated economic benefits, 

the application of this approach requires a broader scientific discussion, taking into 

account technological, organizational, and methodological aspects. 

First, the effectiveness of iterative aggregation largely depends on the quality 

and timeliness of external data, including meteorological forecasts, port congestion 

indicators, and navigation restrictions. Inaccurate or delayed data reduce the 

adaptive capabilities of the algorithm and may lead to suboptimal decisions. 

Therefore, the integration of the model into modern digital maritime systems 

requires advanced data acquisition channels and real-time analytics. 

Second, the iterative approach significantly improves performance compared 

to static planning models, but its implementation demands higher computational 

resources and advanced support systems on board the vessel or onshore logistics 

centers. This raises the question of operational feasibility for small shipping 

companies or older vessels without modern navigation and energy management 

systems. 

Third, the reduction in fuel costs, downtime, and voyage duration shown in 

Figures 3 and 4 highlights the systemic benefits of the approach. Yet, it is important 

to note that the degree of efficiency improvement may vary depending on route type, 

vessel class, hydrodynamic characteristics, and the stability of external conditions. 

This suggests the need for further development of customized models adapted to 

different types of maritime operations. 

An important element of the discussion is the potential of iterative aggregation 

within the framework of emerging concepts such as autonomous shipping, Green 

Maritime Logistics, and digital twins of vessels. 

5. Conclusions 

The study allows us to formulate a number of scientifically sound conclusions 

regarding the effectiveness and feasibility of applying iterative aggregation of  

logistics solutions in the operation of sea vessels. Iterative aggregation significantly 

increases the economic efficiency of shipping, ensuring a stable reduction in 

operating costs, in particular fuel costs, port fees, and downtime. Depending on the 

conditions, cost reductions reach 12-22%, which directly improves the profitability of 

voyages. 

The method allows for dynamic optimization of routes, speed modes, and port 

call sequences, enabling ships to respond quickly to changes in navigation, weather, 

and market conditions. This significantly improves planning accuracy and reduces 

the risks associated with uncertainty during operation. Mathematical models and 

results demonstrate that iterative adjustment stabilizes vessel performance and 

facilitates the search for optimal energy modes, in particular, determining an 

effective cruising speed of j8 knots under various sea conditions. Iterative 

aggregation provides the basis for adaptive real-time decision-making, which is 

particularly important for autonomous and semi-autonomous vessels, as well as for 

modern digital logistics systems. 
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